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TCAL6416 E.AA ikl . BT AIEEE 110 Bl B 217251 16 1 55H 12C B4k,
SMBus I/0 ¥ 2 28

1 Rpik 3 YA
o TAEHRIFEHEETEE Y 1.08V 2 3.6V TCAL6416 % fF R AFZNn 12C 4k ( 2 SMBus )
o ¥HE1.2V. 1.8V. 2.5V 1 3.3V I2C M4 P i1 PR AEE IR AT RN (1/0) ¥ . 1Z g AR

Z RIEAT X ) H s H P 4 R GPIO 4 FLJE RSB 1.08V £ 3.6V ( 1E 12C B |, A
« 1.8V I AA 1pA (LAY ) FRERHL T FE Vear ) 5 £ Pl , 9 1.08V % 3.6V (Vecp)-

« AMHz P+ i 12C Lk
o REfHRESIE , fOFAE R 12C/SMBuUs sk E
[ es

ZasFSCFF 100kHz ( FRAERER ) o 400kHZ ( PRE
) A AMHz ( P+ B3 ) 1 12C IR AR . T

. — Fe. ABIRES . . LED. KUE S T EAANG 1/0

© RHCFAME LA (RESET) : AT 5 11 e o6 d v
o TR AT A I (INT) ; , VO ¥ JE 4% (0 TCAL6416 ) m H At i B fig v 7
o BN AL E A AT g °
o BRME R AT A TCALB416 H A R 1/O ¥, A4t 5 7E 58 1/O
o AECE /O UXBh S A A7 2 TEFE . THEEA EMI PERE BTN . RSB E st
. L%}EEEE%T&EEBHEBE%@%% 5 AR KB ER T . WA B R R R R RS
© WELEREL N APBAERN . TBERERINE . TP PR 2747 A T A T
*+ SCL B SDA #i N\ i b5 e R A% TSR
o BAHBKESHRMEEE DS G T E#E .

K% LED T Efﬁ)ﬁ B3 R~F)
o HEiMEREEET 100mA |, fF4 JESD 78 Il ZEHVERY e

G TSSOP (24) 7.8mm x 6.4mm
o ESD {f¥MEfstEt JESD 22 #ijuEE Rk TCAL6416 VSSOP (24) 6.1mm x 4.9mm

- 4000V AATRHEETY (A114A) WQFN (24) 4mm x 4mm

- 1000V FEHLgR R (C101) (1) B0 TREFTA AT HIERS: | i 5 b MR 2 A R T LT W= I

.
2 MA (2)  FHERSF (K ox %) AFRIRME , SRS (ER ) .
. R
o HEHEE (RERRHRIES)
o MNAIHEML
o A ANHFFEN
. TILAEFML
o JERRAL
o X GPIO 3ZFRALFEZE 117
12C or SMBus ?N_B:I} RESET—
Controller RESET ENABLE,

(processor) or control

TCAL6416 (N

*INT or
status
outputs

« LEDs

« Keypad

o AR SR I

AR IS . TR, TR TS TR AR T R R AR A T E ML A, T IERESCRIHER . AffA
HERAPE | 55U I t.com 3 BT S SCRRAS (ISR ) .
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A2
T HFEE et 1 7.6 ZFAEREMIERT oo 24
2 BT ettt 1 B RIS HE oo 31
B BB ettt eeenenes 1 I A L= TR 31
BN T 1 - TR 3 8.2 BT R FH .ot n e 31
B B ettt ettt nenn 5 8.3 HLIFAHIEER I o 34
I B B a1 [ AR 5 B ) e 36
B2 ESD 2D oo 5 O B T S R ST e 37
LR = 0 G o i SRR 6 SRR =ik 1 F. | I 37
B BEREAE B e 7 9.2 FTHFBETE oo 37
5.5 BB UEE oo 8 0.3 B e 37
5.6 BT T LR oottt ee et eeeeneneeens 9 0.4 B T S e 37
5.7 12C JALBITFTESR oo 10 0.5 I et 37
B8 FFIEIETE o 11 10 BT T BETE R oot 37
5.9 BT IEIE oo M 1 B A S R I e, 38
6 BB B B B e 15 11 BEBCCRE T E e 38
T BEZHBEE oo 19 11,2 AR E ettt 38
T HEIR oottt 19 113 B ettt ettt ettt ettt ettt ettt 38
T2 TBETTHER oo 19 114 BB e 38
T3 EEVETREH oo 20 11,5 ARIEZR s 38
T4 BAETBERET oo 22 128 BERTITEMER ..o 38
T TR et 22 12 AU oo 39
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4 5| A BT RE

~ [ 1O 24 [ ] vecer
veel [] 2 23 [] soa

Resetr [ | 3 2 [] sc
poo [| 4 21 [] aoor
pot [ 5 20 [ ] P17

P2 [ |6 19 | ] P16

po3 [| 7 18 [ ] P15

poa [| 8 17 [ ] P

pos [ | o 16 | ] P13

Pos [_| 10 15 ] P12

por [| 11 14 [ P

oo [ 12 13 ] P10

Not to scale

K 4-1. PW £3% |, 24 5| TSSOP ( fFHLE )

w1
veel [] 2
Resetr [ | 3
poo [| 4
pot [ 5
P2 [ |6
po3 [| 7
P4 [ |8
pos [ | o
pos [_| 10
po7 [ 11
oo [ 12

P13

P12

P11

FT ET FT FT ET T BT BT ET F ETE

P10

Not to scale

-
[ o

[ Q = Q < )
u SO ¢ g 3
r > 12 5 o o
T
O [ I I A R |
s 2 84 = o o
I 8 8§ 3 ] @2

poo [ 1 [T 1 18 _ _| ADDR
|

pot [ I 2 : 17 O] e
I

P02 s ! 116 | pie

-~ | Thermal | .

po3 [ 1 4 : Pad 115 L | pis
|

poa [Tl : I 1a U s
|

pos [ 16 L—o—e—o—oeoo— 1o DT eis
~ © o 2 = ¢
RN
I B R
g€ 5 g 2 £ 8

e Not to scale

WAZUHe SR A P R BCRR R A N IR G O B AR F UT IR ES

& 4-3. RTW $£3E , 24 5[ WQFN ( Ti#LE )

K 4-2. DGS #%% , 24 5[} VSSOP ( TiL K )
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& 4-1. 51 ThRE
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51
P TSSOP |VSSOP| QFN | ## YiE
(PW) (DGS) | (RTW)
INT 1 1 22 ¢} Hrlbrddr o I — A by U BE A% R R Vo) 8L Veep
VvCCl |2 2 23 — 12C SR IR E . EREREF SN 12C fih 3300 e IR L R
RESET |3 3 24 [ R HPA R AN o TSR ARAE P YRR | NE I b R PE AR Vg
P00 4 4 1 110 P i LU ( SRS ) o LR, POO AL E A
P01 5 5 2 o] P i RN (MR A ) o RHES, PO ECE VI
P02 6 6 3 o] P i B ( HER RS EE ) o B, PO2 BLE AR
P03 7 7 4 110 P i N (R 40 ) o EHES, PO3 FEE VA
P04 8 8 5 I/0 P i N (R ) o RAEIN, P04 FLE N
P05 9 9 6 o] P i N (R4 ) o LR, PO5 EEE NI
P06 10 10 7 I/0 P 3 DN (BT ) o BRI, P06 BCE NI
P07 1 1 8 I/0 P i N (R4 ) o RN PO7 FRE DN
GND |12 12 9 — Heith
P10 13 13 10 I/0 P i N (R ) o BAE, P10 BLE VA
P11 14 14 11 I/0 P i N (IR ) o R, P11 ERE N
P12 15 15 12 110 P i AN/ (NS ) o B, P12 BLE A
P13 16 16 13 o] P i N (IR 45 ) o RN P13 IRE VA
P14 17 17 14 110 P oy DN ( HER BT 450 ) o REE, P14 ESA
P15 18 18 15 110 P i N (RS ) o BHEE, P15 REDNRIA
P16 19 19 16 110 P i DN (R A ) o B, P16 BLE VA
P17 20 20 17 I/O P 3 N (RS ) o EHES, P17 BEE A
ADDR |21 21 18 [ kAN . BEEEERES Vecp Bl
SCL |22 22 19 [ RATH AP LR i R B AE R Vg
SDA 23 23 20 110 RATHUE B2 il B R BHASEE 2 Vg
VCCP |24 24 21 — P 3iit 1 TCAL6416 [ HLif HL &
4 FER VR 1% Copyright © 2025 Texas Instruments Incorporated
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5 s
5.1 4% e RBUE{E
7 ARIE XSAE T I TARR VR e (BRIES A wRE ) ()
BAME  BANME| HAr
veer i 05 4l v
CCP
Vv PNGENER ) 0.5 4 Y,
Vo i PR @) 0.5 4 Y,
Ik BN IR V<0 -20 mA
lok oy A LR V<0 -20 mA
P i Vo <08 Vo>V, +20
liok PNE e ° o~ Toep mA
SDA Vo <0 ﬁ VO > Vcc| +20
P 35 VO=0§VCCP 50
loL RF R4 H G P IR - mA
SDA Vo =0 % Vgg 25
lon Feadan i v P R P i [1 Vo =0 % Veep 50| mA
lcc JEit GND 4L IR -200 mA
It Vocp BIRRE IR 160
Icc — - mA
JEIE Voo MIRREEHT 10
Ty gEE 130 °C
Tstg T A7 -65 150 °C

() B “BXARABEN " E1T FGEDN # G IHKA LI o XS IRABE M IFA R s (A LA T B WS (T4 LA I TR
A T REGEIEF S T WREH “BEWRETTHNE” 1A N RABEE " TEEAREN , #F A R EIEHETT , B A REE N7

PERTATFETE S ZYREFIIE RETF A 5 A i
(2) SRR A AN R ABUE (. , A T RE A AN SR R R AR A

5.2 ESD &%
Ui Hfr
NS (HBM) |, 754 ANSI/ESDA/JEDEC £4000
v — JS-001 Fxdk , B 31 - v
i HL
€SD) g FEH R (CDM) , 754 ANSI/ESDA/JEDEC +1000
G JS-002 , FIrfs 51 @) -
(1) JEDEC 3(#4 JEP155 {5t : 500V HBM I fEWS /e btk ESD 2 HIRFE N %4477
(2) JEDEC 3Ck4 JEP157 #&H : 250V CDM R AEWS TE bRtk ESD 5 HilifiFE T %4477,
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5.3 BT &M
16 HARIE RS T 1 AR RS WIS ( BRIEA A UL )
B/ME  BKME| AL
zCC" HL Y5 L 1.08 3.6 Vi
CCP
o SCL. SDA. RESET | 0.7 * Vg 3.6
ViH = T4 N L \Y;
P00-P17. ADDR 0.7 * Vecp 3.6
SCL. SDA. RESET 0.5 0.3* Vg v
ViL RPN R
P00-P17. ADDR -0.5 0.3*Veep Y,
loH e FEL ST HH ERLIAR P00-P17 10 mA
lon ( FTE
Uiy PR, | v P ST PR P00-P17 -160 mA
it)
loL A LT3 HE IR (VoL < 0.3V) P00-P17 25 mA
loL ( T
B ST IR (VoL < 0.3V) P00-P17 160 mA
it)
Ta WETIE -40 125 °C
Ty ShR 125 °C
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5.4 #MEREER
S-S
ity (1 DGS (VSSOP) PW (TSSOP) RTW (WQFN) BAfr
Efi 5| 5| 4
R ya 25 2 IRIE A TH 86.3 101.4 47 1 °C/W
RoJcop) |45ESME (T ) #BH 34.6 452 41.2 °CIW
Rous 25 2 H R AR ARG 47.5 56.6 26.6 °C/IW
Wr 4 BB 15 6.9 22 °C/W
Vg 45 5 AR B4 47.2 56.2 26.5 °C/W
RoJcwoty |ZEEAN (JRHE ) #H i & 15.8 “CIW

(1) AXRWEBIRRHEZEL , SRR IC BRI bR RIS .
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5.5 HSHRpE
78 B AR KA T B LARR BV B A ( BRAESS A B )
= 3 ) BN HE BX| ..
Vik N AR A A I, =-18mA 1.08V % 3.6V 1.2 \Y
Veorr | FHENMHE , Vee BT Vi=Vec B GND , Io=0 0.85 1.0 V
Vporr | FHIEMHE , Voo T Vi =Vec B GND , I =0 0.6 0.75 \Y
1.08V 0.8
lon = - 8mMA ; CC-XX = 11b i% %[ | 1.65V 1.4
*79 2.3V 2.1
o 3V 2.8
Vou | P I At R v
lon = -2.5mA H CC-XX=00b; |1.08V 0.75
loy= -5mA H CC-XX=01b; loH 1.65V 14
= -7.5mA H CC-XX=10b ; loy = 23y
- 10mA H CC-XX =11b ; itz |23 21
%79 3V 2.8
1.08V 0.2
= . - = - ES 1.65V 0.15
P loL = 8mA ; CC-XX = 11b ; 5% v
£7-9 2.3V 0.1
3.0V 0.1
VoL i P R
loL = 2.5mA H. CC-XX =00b ; 1.08V 0.25
" |o|_ =5mA H CC-XX=01b ; |Q|_ = 1.65V 0.15
P 3t 1 7.5mA H CC-XX=10b ; I, = v
10mA H CC-XX = 11b ; iz |23V 01
7-9 3.0V 0.1
[ AR T4yt FL SOA VoL = 04V 1.08V & 3.6V 20 A
. N2 1 i 0 — . . m
o TR INT VoL = 0.4V 4
o . V, = V¢ B GND 1.08V Z% 3.6V +1
I NI LA P i I
V= 3.6V )Y, +1
MA
s SCL. SDA. \ )
Iy i N RO RESET V, = V¢ B GND 1.08V % 3.6V +1
Iy NI LR ADDR V| = Ve B GND 1.08V = 3.6V 1| pA
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5.5 BARHME (42)
76 B AR ISR 1 R 1 TR T P 96 BB A ( B R 5 B )

% 3 v B BE BX
SDA , RESET = V¢gy , P, 3.6V ! s
ADDR =V¢ep 8 GND , /O =1 |27V 5 " oA
A, fscL =400kHz , -40°C<Tx [1.95v 4 8
= 85°C 1.32V 2 6
T AR :
(400kHz) _ . 3.6V 7 24
SDA , RESET = V¢gy , P i,
ADDR = V¢ep 5 GND , 10 = 4 |27V 5 18 oA
A, fscL =400kHz , 85°C < Tp < |1.95V 4 14
125°C 1.32V 2 M
BESET o 3.6V 34
SDA , RESET = V¢g, , P il
ADDR =V¢cep 8. GND , IO =% |27V 24 oA
A fseL=1MHz , -40°C<Tp < |1.95V 18
I N 85°C
(o + |t T ARt 1.32v 12
ccl AR (1MHz)
lccp) — " 3.6V 42
cep SDA , RESET = V¢g, , P 51 ,
ADDR = V¢ep 5 GND , 10 = 4 |27V 30 oA
)\ , fSCL =1MHz , 85°C < TA < 1.95V 22
125°C 1.32V 16
SCL , SDA , RESET = Vg , P i 3.6V 15
M, ADDR = V¢ep 8 GND , 110 = |27V 1.2 oA
MIN ,lo=0, fscL =0kHz , - 1.95V 0.6
. < ‘aro
- 40°C < Tp < 85°C 1.32v 06
b — . |3ev 14
SCL, SDA , RESET = Vg , P i
F, ADDR =Vcep B GND , /O = |27V 10 A
#WIN,lo=0, fscL = OkHz , 85°C <|1.95v 8 g
~4ogo
Ta < 125°C 132V 5
Rpui HB b HBE
putinty | M ilz ?i k P 70 100 140] kQ
Rpd(nty | P98 T 4z HLEH
of NG v scL V, = Ve 8 GND 1.08V % 3.6V 25 5| pF
N SDA Vio = Ve 8 GND 1.08V % 3.6V 6 8
Cio PN RN R — pF
P i 1 V|o = VCC =, GND 1.08V % 3.6V 6 8.5
5.6 B FEK
1E B AR KSR T B AR B S (BRI A 3R )
BAME  BANE|  HEAL
RESET
tw BoEA i QUERZ SNl 80 ns
trec ALK R I TE] 0 ns
trResET A7) 400 ns
P30
tpH SECPWE P 3O L AR ANk 8 30 ns
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5.7 I1°C JRBTFER
TE ORI KSR T I TAR RGN AR ( BRAES A Ui )
B/ME BAME| L
12C 5%k - PRtAER
fsal 12C I AT 100| kHz
tscn 12C i iy FEL S ] 4 s
tsel 12C it b % HL VB i) 47 us
tsp 12C 2R T i) 50 ns
tsas 12C AT Hd 15 B A 1) 250 ns
tsdn 12C R AT HHR AR R I 1) 0 ns
ticr 12C #y N\ _E Tt IA] 1000 ns
tics 12C i\ B[] 300 ns
toot 12C %y thy T B[] 10pF % 400pF &4k 300 ns
touf {5 1B RUE ) 2 (A 12C 52575 RN [A] 47 us
tsts 12C JH Zhsk i e B R B 47 us
tstn 12C & 23k 5 5 B4 R 4 us
tsps 12C {5 1E &% B 4 s
tvd(data) B R AR A] icﬁl';;f 1 5 SDA fi 3.45 us
M SCL i H1F-F| SDA
tvd(ack) ACK 2 F I8 2K i) 1] (vt ) (T 3.45 us
ACK (55
Cp 12C MERAMEME 400 pF
12C =2k - Posis
fsal 12C 1} gp iz 0 400| kHz
tsch 12C it o HL VB ) 0.6 Hs
tsl 12C B I F T[] 1.3 us
tsp 12C 2Rl ] 50 ns
tsas 12C HATHHE 15 B[R] 100 ns
tsan 12C H3 AT H5cH R ] 0 ns
ticr 12C $ N\ LT 1A 20 300 ns
tics 12C % N T i ] 20 x (Vcc/5.5V) 300 ns
toor 12C %yt B 1) 10pF % 400pF f%k 20 x (Vec/5.5V) 300 ns
tour 5 1ERE BhZ A1) 12C A 2 2 R B 1) 1.3 us
tsts 12C JEhsk s 5 JE Bl s U 0.6 us
tstn 12C & Bk 5 s B4 R 0.6 us
tsps 12C {1k & 1% B 0.6 us
tvd(data) B R AR A i%;f LT 5] SDA 4 0.9 us
M SCL ficH1~F £ SDA
tvd(ack) ACK 2% F G 208 i 1) () (RSP 0.9 us
ACK 5%
Cop 12C SRS ER 400 pF
12C Bk - Pig+ B
fsal 12C AT 0 1000| kHz
tsen 12C B o oy HL P 1) 0.26 us

10 e piRiE
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5.7 12C BT FER (4:)

8 H AR XA T B AR B VS 1S (BRIESS AU )

A mAE| g
tsal 12C i e TR ) 0.5 us
tsp 12C AR ] 50 ns
tsas 12C R 47 HUds 1% B i ) 50 ns
tsdn 12C AT HHE fR R I 1) 0 ns
ticr 12C H N _E T A 120 ns
tics 12C #g N\ T I ] 20 x (Vcc/5.5V) 120 ns
toct 12C %y th T B[] 10pF % 550pF 4k 20 x (Vcc/5.5V) 120 ns
tout {FIERUBBIZ A1/ 12C K 2825 R I ) 0.5 us
tsts 1°C B EE R &R E 0.26 us
tsth 12C J& BhEk B & JE sh 4 AR EF 0.26 us
tsps 12C 151 B 0.26 us

. \ SCL fkHF% SDA %
tvd(data) B B [E] g n 0.45 us
M SCL 1L #1FF| SDA
tvd(ack) ACK ZAEIMA R it 1) () RS 0.45 us
ACK (55
Cp 12C MERAMERE 550 pF

5.8 FF ok
TE AR AR I TAEIRE G AR ( BRAESS A Ui )

SH M (FIA ) Z (f) B/ME REUME  BKNME| B
ti FH TR 8 (8] P %t [ INT 1 us
tir i T 52 5 AE AR B i) SCL INT 1] us
tov i A A R 1] SCL P Bt 400 ns
tps TN HE v B 1] P 5t [ SCL 0 ns
ton T N B DR AR T 1] P 3 1 SCL 300 ns
5.9 BLAVReE:

Ta=25°C (FRAES AU )

21 45
— Vcep = 3.6V — Vcep = 3.6V
18| — Veep = 3.3V 40 | — Vcep = 3.3V
— Vcep = 2.5V — Vcep = 2.5V
< e xccpf :2¥ < 35| xccp = ]gg
:é’ ccp = 1. // ‘qc_; % CcCcpP B L /
§ 12 __,...—:—""" § —__’_//
Z | £ % B
3 — 1 3 E————
o 6 — o
© —-’——_———// o 15 —
s = 10 -
0 5
40 25 10 5 20 35 50 65 80 95 110 125 40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
B 5-1. EIR B SEERIMRE - FM HiR Bl 5-2. HJE B SIEERINRR - FM+ B
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5.9 MR (4)
Ta=25°C (BRAE3A3H] )

8 20
—— Vcep = 3.6V —— 125°C
7| — Vccp=3.3V 18| — 85°C
—— Vgep = 2.5V — 25°C
< 6|— Veep=1.8V Z 16| — _a0°c
= | — Veer=12V = 14
S 51— Vcep = 1.08V s
5 5 12 ]
S 4 > ~ |
o s 10
S 3 3
® >4 o g
22 = —] 7 38 6 /
1 //4/ ==
é_—- 2% 4 X
0 2
40 -25 10 5 20 35 50 65 80 95 110 125 1 14 1.8 2.2 2.6 3 34 36
Temperature (°C) Vcep - Supply Voltage (V)
& 5-3. Al IR R SR ISR 3R & 5-4. IR B 5 RIFEBEERRR - FM #5
40 45
— 125°C — 125°C ]
— g5°C 40| — 85°C
35| __ o500 — 25°C ;/‘
< — 40°C z 35| — -40°C
2 30
= / 3 30 /
525 / 2 25
S e S ///
g 20 = x 20
g £
@ / @ 15
: == ,/ 2 1
10 =
// 5
5 0
1 1.4 1.8 2.2 2.6 3 34 3.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Vcep - Supply Voltage (V) VoL - Output Low Voltage (V)
K 5-5. BIFH S HIE BEERSR - FM+ X Kl 5-6. /0 R 58 HIMKBEERIRR |, Veep = 1.08V
70 E— 200
oy —] 180|  gooed
60 L
— 25°C L —T 160 | — 25°C
Z | — 0c I z — -40°C P
£ 50 / £ 140 —
7 e —
3 40 / § 120 =
/ T
= 30 < 80
N7
3 20 g © =
// 40 2
10
20 /
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
VoL - Output Low Voltage (V) VoL - Output Low Voltage (V)
&l 5-7. 110 EHRESHHEHERRR , Vecp = 1.2V & 5-8. /O HEHLIR SHHARHEEMRER |, Vecp = 1.8V
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5.9 MR (4)
Ta=25°C (BRAE3A3H] )

275 325
—— 125°C 300 | — 125°C
250 g5oc o7s | — 85°C
225 | — 25°C — 25°C
— — -40° —~ 250 | = -40°
Z 200 40°C z 40°C
£ £ 225 —
= 175 -
2 150 — g ?32 =
S 125 1 S 450 =1
X X
c c
@ 100 ZA a 125 —
3 75 Zl 3% )
/
w2~ 50 -
25 Ls 25 ~=
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
VoL - Output Low Voltage (V) VoL - Output Low Voltage (V)
& 5-9. 1/0 E i SR K BERIRR |, Vecp = 2.5V A 5-10. /0 VERF SHHKEERRR , Vecp = 3.3V
325 90
300 — 125°C — Veep =1.2V, loL =10 mA
o75| — 85°C _ 80— Veep =33V, loL=10mA
— 25°C S — Veep =1.2V, loL = 1 mA
2 20| — -40°C % 70| — Veep =33V, Io = 1mA
£ 225 2 60
= - —
€ 200 o =
: Z 2 50 L
£ 175 H |
[s) 5 | ——
x 150 = 40
5 125 H
', 100 3 3% — T
o L 7 [ | ——t—T
- 75 ~ 220 —
=~ 3
%0 7~ ~ 10
25 ~
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 40 25 10 5 20 35 50 65 80 95 110 125
VoL - Output Low Voltage (V) Temperature (°C)
B 5-11. 1/0 ¥R S UK BERNRR , Veep = 3.6V K 5-12. /0 (KB K SEERIRR
36 55
33| — 125°C \ — so| — 125°C -
—— 85°C — 85°C L— —
30| — 25°C = 45| — 25°C —
__ 27| — -40°C — 40| — %0C T —
< <
£ 24 E 3 =
§ 2 g 5 20 Vo
5 18 Z 5 /|
o 15 O 25 7
g / GO: 20 /
3 12 3 V
n 9 N 15 /.
6 10 v
3 5
N4 N4
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Veep - Vo (V) Veee - Vo (V)
B 5-13. 110 F R SHH R RERRR , E 5-14. 110 B R SHHFEHERRER
Veep = 1.08V Veep = 1.2V
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5.9 MR (4)
Ta=25°C (BRAE3A3H] )

130 175
120 | — 125°C — 125°C
— 85°C — 85°C
10— 250c A 190 25ec
__100| — -a0°C _ — -40°C
< g9 ] < 125
£ S /
= =
s 70 g 100
3 3
O 60 (&}
75
2 50 —
=] 3
& % & 50
30 /
20 / 25
10
0 0
0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Veep - Von (V) Veep - Von (V)
Bl 5-15. /0 Fr B S B BRERRR , &l 5-16. /O P SHHE BERRR |
Vcep = 1.8V Vcep = 2.5V
220 240
— 125°C — 125°C
200 __ g5c 210| — 85°C
180 | — 25°C — 25°C
. — -40°C __ 180 | — -40°C
< 160 / <
£ 10 £ 150
g 120 -~ ] g
5 100 8 120
g 80 / g 90
A 60 Z ® 60
40
20 ‘ 30
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Veep - Von (V) Veep - Von (V)
& 5-17. 110 B SHLRBERIRR , & 5-18. 0 hreE R SR EERRR ,
Veep = 3.3V Vcep = 3.6V
0.14
— Vcep = 1.2V, Isource =-10 mA
0.12 | = Veer=3.3V, Isource =-10 mA
— Vecep = 1.2V, Isource = -1 mA
- Veep = 3.3V, Isource = -1 mA
>
z 008
> I
& 0.06
O
>
0.04 ]
0.02
0
40 -25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)
& 5-19. /0 HHESEE KR
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6 SHMERFR

Veel
RL =1kQ
SDA
DUT
CL =50 pF

I (see Note A)

SDA LOAD CONFIGURATION

la Three Bytes for Complete N
¥ . . »
‘ Device Programming ‘
Stop Start Address] R/W Data Data Stop
Condition | Condition | Bit7 A‘;"_'";S coe A‘l’:":ss Bit 0 AiK Bit7| eee | Bito | Condition
(P) (S) sg) | Bit it1 | (LsB) (A) (MSB) wse) | )
tscl ‘ || ‘ tsch
\ \
scL | L } }
| ticr [ I ‘ ‘
tbufH } ticr 4= \
| !
T
oA N1/ X
‘ ‘ I % ! | % |
tice — ‘“* ‘ > i } ‘ —»| [ tsgn
tsth ﬁ tsds —» }F
Start
Start or "
Repeat Condition Condition
Start
Condition
VOLTAGE WAVEFORMS

BYTE | DESCRIPTION
1 I2C address
2,3 P-port data
A, CL BFEHREFIF A s, f#H 10pF 3¢ 400pF ) Cp M tocf.
B. Frafi A EA UL FRER A48 . PRR < 10MHz , Zg = 50Q, t/t; < 30ns.
C. JFERTE SEWE ARG T B h 284

 6-1. 12C B2 O 57 %% BB A L TR I
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Vel

R =4.7kQ

=

DUT

C, =100 pF
I (see Note A)

INTERRUPT LOAD CONFIGURATION

ACK
From Target
Start o Bit ACK
Condition 7 its From Target
R/W (One Data Byte)
Target Address From Port i Data From Port
/\

[sTol+TofofoTo @R[ +Jal T T ovatar T T [a] T T a2y [ T [4Te]

| A |
Data \\ | f j( :
|Ipr':’trc: N\ / Address X Data 1 | Data 2
|
0.7 xVee
0.3 x VCCI
0-5 x VCCI
View A-A View B-B
A CL BfERET R .
B. ATAIMIARIGAA PR R LSS - PRR < 10MHz , Zo = 50Q , t/t; < 30ns.
C. FHAFHSHMPTLHAEH T Hra 2t
Pl 6-2. W 47 5 L B 1 L PR T
16 R 15 Copyright © 2025 Texas Instruments Incorporated
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TCALG6416
ZHCSNY9D - JUNE 2022 - REVISED JANUARY 2025
Pn 500 Q
C; =50 pF
L
I (see Note A) 50002
P-PORT LOAD CONFIGURATION
—— 0.7xV
CCP
SCL PO A P3
‘ —— 0.3 X Vcc|
‘ Target
ACK

tpv
(see Note B)

\

- N
\

Last Stable Bit

Unstable
Data

WRITE MODE (R/W = 0)

SCL

Pn

READ MODE (R/W = 1)

A C BAERE IR AR,
B. o MIMIETEEN 0.7 x SCL LI Ve I 50% () /0 (Pn) #iih
C. PFrAfAB A P RER R A4S - PRR < 10MHz , Zo = 50Q , t/t; < 30ns.
D. HRIMEIXEGRH AR A, FRIERHR R
E. JFAERTH SHABEIAE R T B At
& 6-3. P 3 1 S 2k EL BRI P BT
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Pn

500 O

TCAL6416
ZHCSNY9D - JUNE 2022 - REVISED JANUARY 2025
Vel
R, =1kQ
SDA
DUT DuT
C, =50 pF
I (see Note A)
SDA LOAD CONFIGURATION
Start

SCL

SDA

RESET

Pn

moow>

_I_ C, =50 pF

® ® 2xVeep
I (see Note A) % s000

P-PORT LOAD CONFIGURATION

/ ACK or Read Cycle

Y A — ——

| Py | |
| (( | tResET |
. > |
’l __I ——————————————————— ———— Veal’2 |
tge o O
tw |
( | |
) l % |
— Veepl2 |
. | ccp
> |

CL BB A B HIA .
P N B B A DL R 2R B3t PRR < 10MHz |, Zp = 50Q , t/t; < 30ns.
YOI L P R — A BRI R e — 1K
11O i & N -
HAEFTH SHFEIAGE T A 2844

tReseT™

& 6-4. A7 Sk HL RN H R T

18 ERXXFIRE
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7 VE4H B
7.1 MR

TCALGA416 SCRF 5 LU b 0 FE P9 (1 b R et . IXAEAS SRR REOE 5 12C M BLARAL B0 234 |, TEXFIIBUL T |
PRSP, IR RE . S ACERAR A AR R FERAR &, 4% PCB Juft (40 LED ) 38R 75 B2 5 my v R ) FLIR

Ve 51 12C Bk g | IiESR:S] SCL. SDA Fil RESET 51 A L e B 2% N 7E 55 — 3% Voo INT i
HEATFIRGEH |, AN ER B PR ERE S Voep B Voo , BARBURA TN . Voop 51HE P i DR EIE . 8
FEATAT] P S 1A P AR 4 e P 2%, 8 LED FiAEA] P 35 I 3KE0 , WiERES] PO0-PO7 At P10-P17 f—ANEZ A4
HLPH A5 5 LED RiAE 5B — i dE Veocp. T B A I8 P i D RE RS Sk 25mA Y HLR DLELRE:BK SN LED |, 2
DA FE BG4I ) L BEL M 71 358 R i L 37

TCALG416 HUv Wi 8 i ZF A7 esdl i , FoVr P ECE 1/O i 4. ERN s EA A G | /0 #dE
NN B R hlgea] LLEE 5 NE B A7 288 1/0 e B M N Bt o BN N B0 H s #R AR AE
AH N A B N i 1 B HE i ] 25 AP 28 o B N i 27 A7 28 AR e o] e RV S i B A7 B T e . R G i 4% mT DA BT
Hafies. Mo, TCAL64A16 & H A% TH F1858 1/0 i I BEEE 110 ThEE. S 1/O KRN 25 17 25 00 35 vl 4 R dan
HIREh ST . AR B R AR S BE RS . AT N T BERR . TR WDIRAS RS |, DAL AT R T RS A 1 e
H o XS E A A7 g I B RS YE IR R R P e ThRE . SR EMI YT REGE 1/O.

TR A T e 0 3 A 2 4 NS I SRS N #4AE INT 51 b A s . 85 &k sk = A dn 4, Bl
PEIARSKT 2L I SR B ELL , WSS B AN ERIRZES . ADDR B {4 n] i Hihit 51 B 50 14 %) TCAL6416 #%
RS [F]— 12C 2L,
%Eﬁ%k%%%ﬁﬁ@%%Aﬁg%ﬁ%ﬁ%ﬁ@ﬁ,Kmmmeﬁﬁ¢%dﬁh%ﬁ%ﬁﬁ%,%%?m%
GEHIAR BRI NIRS M. INT 5] T DUERE B AL F 2 P Wi N o B EIX 42k i bR IE—ATFES
%A E AT A AL FE RS AR 1/O i 1 B WA NS |, SR 12C M TIEE . KL, %8S AT E
N TR H AR o

PR AR I B A S IER R VRIS, RGP 2 AT LUl £ RESET A\ 5] B b W 3 1% 7 1 S W 2h 4k 12C/
SMBus RAHL , 1M TC T K 2 47 28 B AN ERAE

—/MEE 5] (ADDR) A F T 4a AR [E 5 12C bt | I RVFAS 23 IL =R E 1 12C S 2k 5k SMBus.

7.2 ThEETTHEE

INT & Interrupt Logic %
ADDR
l ﬁ> P00-PO7
SCL ” » | I
Input 12C Bus Shift 16 Bits /0
. Filter Control Register Port
SDA < P10-P17
A A
Write Pulse
Veel
RESET Read Pulse

Power-On
Reset

Veep

GND —4D

B 7-1. 28AE (28 )
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Output Port
Register Data

Datafrom —
Shift Register  Configuration

Register :3 Vee
Data from D Q »—Doﬁ'_ Q1

Shift Register

FF
Write

Configust:on4 CK Qf— Hb Q P00 to P07
ulse FF e Q2 ESD P10 to P17

—~ )
Write Pulse—————  { CK @9 gli'co)(t:leeotlon

Output Port GND

Register
+ 1D Q \ Input Port
) ) [ Register Data

FF

Read Pul CK

Vi ! J—
S Input Port i)Df lnlt/?arrsukpt [ ©INT
Oj Register
Pull-Up/Pull-Down w

Control

1 )

Input Latch
Register % Latch
Data from
Shift Register b Q Read Puls EN

FF Input Port

Write Input CcK Polarity Inversion baten

Latch Pulse Register

Data from D Q
Shift Register
FF
Write Polarity
Pulse oK

A ST | T R SRS R
&l 7-2. P00 = P17 K4k R 2 &
7.3 Rt UL
7.3.1 H[EEH
% 7-1 5T TCAL6416 S FIIIEH T 12C 2k (Voey) M P i1 (Veep) BT ATk B AR P44
R 7-1. R

Ve ( 2C #2133 #) SDA #1 SCL ) Veee (P i)
(V) v)
1.2 1.2
1.2 1.8
1.2 25
1.2 3.3
1.8 1.2
1.8 1.8
1.8 25
1.8 3.3
25 12
2.5 1.8
2.5 25
2.5 33
33 1.2
3.3 1.8
20 TERXFIRIE Copyright © 2025 Texas Instruments Incorporated
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71 BERR (%)

Ve ( 2C #2644/ SDA F1 SCL ) Veep (P 3EE )
v) (v)
3.3 2.5
3.3 3.3
7.3.21/0 #0

2 1/0 FCE VAR, FET Q1 M1 Q2 4L F5RMPIRE (21T 7.2) , ANMGIE — Bt - F A i s LA
Thm 2l T HRER I, ROREN 3.6V,

R /O BCE N, PR R Q1 B Q2 , HAARE g o 1 AFAF g IR S . AEIRRAIEALT , 1/O 51 BIATHL YR
5% GND Z [afFfERBE TR AT . ERORIERIZAT | FENEIE /O 5] R A0 ri s AN R e HE 77 P A

7.3.3 A5 H By E
gy H DR 90 2T AE A SR S i) GPIO RIIREN HLF . AR GPIO #S AT LU ST 3 S B D DY AN AT 1Y) HL I FRLF 2
— o IR AL AT AR, B AT DABCAR IR B /O MRS AR R e “ TR MEE . | 7-3 B T iR

Mo JEBEIIAT U BC B A A7 A% it S A0 Ay ) Xl 08 P A A7 A IR o 2 Y R0 9 R A A A A G AR
NO1b i, AT THEERE , Wi Bk R I F#IK T 50%.

i

PMOS_ENO

i

PMOS_EN1 I
— PMOS_EN[3:0] aan
Current Control -
Register | Decoder —lE
—— NMOS_ENI3:0] —4
PMOS_EN2 [
- =
Configuration | —
Register
PMOS_EN3
P00 to P07
Output Port P10 to P17
Register
—
NMOS_EN3 1
—
]_Jz
1=
NMOS_EN2 H =

|

NMOS_EN1

i

NMOS_ENO
& 7-3. LA R

o ) SR B A T e 2 3 B a1 D) DR . PRI MRS BE JT P RE S PR AR B R GE MR 75 . IR
M HEA GND B RUBO R B (7B — gt B E AR & AR RPE IR (SSN) ) - #Hf)ih
Y, [ D)0 2 A A HEORE AR R N L YR A o e ) XS 9 R A A B Y IR 8l 06 5 4 ) 4 P P R 8 2% A
SSN [F/8l , M #AMAAME Tl

7.3.4 7%y (INT)

S R TR R A DR b , FESBEER | 3 DV NI T TR SR B S A AR . 283 IR b, S, INT {3
SR R A EE DR SR A6 B B s A T R S SR R I, B RSB R B R R AL R
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U SCL 55 LTI Z RN Z (ACK) fikb. 78 ACK It ikt J11) 5 26 (s ridE A7 7820, Rt
FEZIK IR A AR P I T RE 2 0% ( BARWA ) « BAE |, 1/O RRICE Sl & Mo I B ARy INT A%

X — A R REAT B S AN rh W LB, O HLEC B v SN 2 S Eh W fF 11O M BE SO
NI, RG] BIRRAS S i N I 27 A7 28 N AN ILIE |, FTRES S B0y h i .

INT %t A RIS, 6 SO FA L AR PE RS Voop B Ve, BRI T R INT 15 b i oo BEL 2 2 42 31
k- SaaAERSYIDE A R R N/

7.3.5 1% A (RESET)

A UAWT H RESET MIADWIIRIL RS , RN OREF Vocp BIUEAER TAFH T K RESET 51 BITRFFAEMAETED ty |,
AT9HE . TCAL6416 7 7451 IPC/SMBus R HL{E RESET MIEHLT (0) B # By BNk . % RESET
N ESE (1) I, TSR el A B P s D /O AP iR AR A ROER: | AT ER A B
MU R IERE] Ve, 24 RESET bl | 2 S A s H 27 77 45 LU B GPIO 5 IFIRAS .

7.3.6 HERL(L#E

BN 2 12C Bk it R B4, $8RITE SCRAZ a2 82 AN B ERVOIRES . B AR 4% T3

WEAT | 12C LR RERS IEH TAE | JF HAT(T 2 AR REHE S B 28

BAFRAL) i UL B IR -

1. 12C R FH 8 RiE— N R B 1E.

2. AR LR AR R BB T 12C Bkl “0000 0000”7 , Hidt RIW A E A 0. KIXMIE N 0x00.

3. AT EREHA T IhRE AR ECR ACK. W RIW 7% BN 1 (3EHL ), #3414 NACK.

4. EHEMIERINE )G B EHMURIESET 0x06 (1) 1 FATEEE . i RBUE AT AT HANE | A SR
ZEEAN . MR RENEIEET 1 7, WASHNEEL Y, HHBRESZE 12CHE | BHEM LK.

5. Rk EEE (0x08) J5 , 48 Ik —AMF 1L KRG R E AT H . A ER 3%, A PUT
=X A8

IR IR DRI |, SEPATEAL, XK T A7 S AR E N L BRIAE .

7.4 B ThREAE
7.4.1 _LHEEL

FEYE (M OV HihnF] Veoep B, WS L E A 206 TCAL6416 {3 EALRE |, HAIHBEZE D] Vpor. I,
BB |, 3 H TCALG416 2F 1725 12C/SMBuUs IR SHLWIIEIL NEBRINIRES . 25 , AU Veep P& 2K
T Vpore , JHPKE 3 TAF H DL 52 i B IR & A & 35 .

7.5 RiE
7.5.1 12C #7

XA 12C ML H AT B (SCL) e A a 4753 (SDA) 2841 . 243 Be B 23 1F 1Sy I R | W 2 2R AR Ad it b4
FFHEERRIE AR . RE YL A 58 sh B .

2 SCL $ N N PR, i 8% A 0% 8 sh 264 ( SDA Fr N4 H b B s P 2R P 30 ) B 3h 58 12C
B (S RE 7-4) « ERIZEEIFNZIE , SRIESELETH, BB AL (MSB) , WAEE J7 1
7 (RIW).

BRI ROt G, SR AN (ACK) WS, £ ACK HH 2 i 8 fik v 1 5 v 7 37 1) , SDA N/ AR H
Fo Hbras Ak NASSAE S 3 2R VS 1 2 AR 2 TR B A

7E 12C Bk b, ERASE B kb AT A AL S — AN BR8N 4 R B A = kb 3 TR] |, SDA 28 E s O iR R fa
SE, BN BER $dE 28 E R S g R sl a4 (FFmBUsE it ) (1ESRE 7-5) .

P2 A 126, B SCL N A m HSFE , SDA Hi N/t B HT B i P e (1S IE 7-4 ) ©
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FETUa A IR 26 A 2 18], AT DORHE B8R 80 7 MR st Bl s . A L7 19 Ja R — 4 ACK fir. &
IEEFL SRR SDA 2k, FUds A REARIE ACK 7. it BN H S fH e AUE ACK IS Btk b $9118] 42 SDA £k
XFE, fE ACK ARSI B U3 K vt ik vk 91 8], SDA kA e AR (TS IE 7-6 ) o 4 HARZRICAS b
ELAHEFNCENIEEA 7 G L — A ACK. 8Lt | 42 25 06 JAE I H AR AR S BB AN 771 2 Ja 2B — A
ACK. WA Z50H r v B AN RTINS 18] 4 fE 1 A8 4T

P s U AR A H AR AR AR I Bl a7 R A EET R (NACK) | SR H AR A s 88 AR Bl 45K
B9 EHIEHEERE LR SDA LR Ry PR SEILZ H . AERXAEOLT | KIE S DAUR TR L | A Befi
) S AR e 1 2% A

P
| — |
Start Condition Stop Condition
& 7-4. JREFE LR A X
SDA / X \
SCL
Data Line |Change
& 7-5. hrtkdar
T777|
Data Output | | - -
by Transmitter : / ><
| .-
NACK
Data Output Sa

by Receiver

SCL From
Controller 1 2 8 9
s i

Start Clock Pulse for
Condition Acknowledgment
& 7-6. 12C B4k ERRE
RT-2. EOEX
r
T
7 (MSB) 6 5 4 3 2 1 0 (LSB)
44 12C Mtk L H L L L L ADDR R/W
. P07 P06 P05 P04 P03 P02 PO1 P00
110 #ihs 2 2%
P17 P16 P15 P14 P13 P12 P11 P10
Copyright © 2025 Texas Instruments Incorporated FER VI 1 23

Product Folder Links: TCAL6416
English Data Sheet: SCPS276


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com.cn/cn/lit/pdf/ZHCSNY9
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSNY9D&partnum=TCAL6416
https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com/lit/pdf/SCPS276

13 TEXAS

TCAL6416 INSTRUMENTS
ZHCSNY9D - JUNE 2022 - REVISED JANUARY 2025 www.ti.com.cn
7.6 TIPS

7.6.1 2 1E 10

K] 7-7 &= T TCAL6416 ittt

Device Address

T T T T IADI _
|0|1|0|0|0|0|DR|RIW|

Fixed
xe Programmable

& 7-7. TCAL6416 il

* 7-3. it
ADDR 12C 5.4k H pntihl
L 32 (k) 20 (A Nk )
H 33 (il ) . 21 (o)

E bR HUHE ) 55 5 — 758 ST AT IR (BRIERE N ) o (1) JEREERAE | MM (0) JEFE S 1 1E

7.6.2 Z1 L HBEUFE

TCAL6416R FibA HAEAIEAE , BT R A AR EAA4 B aEH. XN T HEAAR FEERN RS IEE
FEHATIEW A . R 7-4 I T8RRI B SMER . TCAL6416RADTOR ( 7£ £ 7.6.3 1T FI% 7.64 17

HiFR A TCALG6416RA ) 8T 1 i th oy I RIAC B 25 /728 11 A {l . TCAL6416RBDTOR ( 7£%f 7.6.3 i AIZE 7.64 1
HiFR A TCALG6416RB ) 381 1 A 5 . 1/ B4 A R o IRl o i 2 A7 1) HL AR

R7-4. BHEREEIME

ISR X EFAER R SME AT R A7 (Hex) Bkt
TCAL6416RDTOR fEFBOA L HE i H
TCAL6416RADTOR 135 1 0 A1 1 02 #1 03
FLE O A 1 06 #il 07
TCAL6416RBDTOR et S 0 At 1 04 F1 05
A R R 0 i 1 46 #1147
T O Al 1 4A 11 4B
7.6.3 iGN SFH

BB T R | SRR 28 2 R — M RETE TCALBAG B 2577 25 i & 715 . ML 19
R T SRR AR5 (N Wit MRS ) . % 6 Bl 4 5 HUR S I B — A 447
SSORHOY TR IIRE ((BHE 10 ) o (7R AERINIE K% i & 547

REF AT BT U7 17 B RSO 1, B BVRIER IO o . 76 b el BORAE Rro S o
Pl 2517 3280 00h.

B7 |B6 | B5| B4 | B3 ( B2 | B1| BO

Bl 7-8. & FFFaAr
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RT-5. R FHW

bl A " b
e ] . . ot::H
3 + TCAL6416R
B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO (HEX) A e LA A |l
B
ojlo|lo|oOo|]O|O]|O]|oO 00 A% 0 BRI XXXX XXXX | XXXX XXXX | XXXX XXXX
ojlo|lo|oOo]|]O|O]| O] 1 01 NI 1 (PRI XXXX XXXX | XXXX XXXX | XXXX XXXX
T ——
ojoflolo|o|o|[1]o0 02 S0 BRHUSAS 4911 1111 | 0000 0000 | 1111 1111
5]
‘?:, =4 =4
olojo|o|o |0 1]1 03 S 11 BEVSAS | 4911 1111 | 00000000 | 1111 1111
H
T ——
ojoflolo|o|1]o0]o0 04 et K% 0 BEHUSASE | 0000 0000 | 00000000 | 1111 1111
Rl
olojo|o|o|1]|0]1 05 P S 1 BEIS AT | 0000 0000 | 00000000 | 1111 1111
H
e ——
ojoflolo|o|1][1]o0 06 i E 0 BHUPSAT | 4449 1111 | 00000000 | 1111 1111
R
ojoflo oo 1|11 07 i 5 1 BHUVSAS | 4911 1111 | 00000000 | 1111 1111
R
N
o/1lolo|o]ofo]|o 40 601 R SRR O 1*%4?)\% M1 11| A1 | 1111 11
R
N
o|1]lo|o|o]o|o]1 41 60 1 KB SRR O I*ﬁ/f]\:f M1 | A1 | 1111 11
R
e ——
o1 lojojolo|1]o0 42 stz 1 | PROAT | i |
R
N
o1 |0 |0|0]o0|1]1 43 U L BRI A 0 1 T*El/f)\% M1 | A1 | 1111 11
R
e
oj1]lolo]o|1]o0]o0 44 NBE 1783 0 l*ﬂ/wf)\% 0000 0000 | 0000 0000 | 0000 0000
Rl
N
oj1]lo|o|o] 1|01 45 WNBUE 1758 1 I*Hllf)\% 0000 0000 | 0000 0000 | 0000 0000
R
o 3 L»g:;—» L S EONES
ol1lolofo|1][1]o0 46 Lh/ﬁigfﬁﬁﬁ% l*fmf}\% 0000 0000 | 0000 0000 | 1111 1111
R
IR R RS S NS
o1 o |ofo ] 1|11 47 Lﬁ”h{fﬁ”ﬁ% L*Hllf)\% 0000 0000 | 0000 0000 | 1111 1111
RE]
o S i e L S = P
o/1]lolo|1]0o]o0]o0 48 thﬁﬂfﬁﬁﬁ% I*El(f}\% M1 | A1 | 1111 11
H
R AR | RS Ao
o|1|ojo|1 0|01 49 thwﬂf%ﬁ%} PRVSAT gm0 | im0 | 1111
5]
SN
ol1]lolo|1]0o][1]o0 4A o I 5 2 7798 O 1*@,?)\7 11111111 | 11111111 | 0000 0000
H
B AT
o1 oo 1]o0o|1]1 4B o 5 A A 58 1 1*%:")\% 11111111 | 1111 1111 | 0000 0000
Rl
ol1lolo|1]1]o0]o0 4c FINCRA A 0 | HFS | 0000 0000 | 0000 0000 | 0000 0000
o1 oo 1]1]o0]1 4D RIMERASZAFER 1 | iEL | 0000 0000 | 0000 0000 | 0000 0000
ol 1lo ol 1] 1|11 4F A s T 2 1 2 uﬁl/f}\jz 0000 0000 | 0000 0000 | 0000 0000
H
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7.6.4 FiFasu 8

BN I wF A7 A% (A Aray O A1 1) SRS T, oIRGB A A7 4R 5] B E SO N 2 fan i #52 fn
B NG I wF A R BN EEAAE AR AN AL o AN A Z BT B BRUME (X). FESRAT B U
AT, R R A5 RGBT, DR 12C 848 T k& U5 i N 11 25 4725

R 7-6. T4 0 A1 (IR D&FAF4% ) (1)

fir 1-07 1-06 1-05 1-04 1-03 102 101 1-00
BRI X X X X X X X X
e 117 116 115 1-14 1113 112 I-11 I-10
BRI X X X X X X X X

i AT A7 ( AFATEAS 2 A1 3) B e B A A7 28 5 SONS H 0 5| A S B A T . X SRR AT 2R R AL X
SE SCNEINH 5] B M . Jead >k, MR 625 17 2% 5 B A48 S e 1 47 i)t 328 396 0 i & 2 o ML, 0 AS 2 SE B
5] B -

RT-T.FFR2M 3 (HBROFES)

iz 007 | 0-06 | 0-05 | 0-04 | 0-03 | 0-02 | 0-01 | 0-00
BRI 1 1 1 1 1 1 1 1
TCAL6416RA 0 0 0 0 0 0 0 0

fir 017 | 016 | 015 | 014 | 013 | 0-12 | O-11 0-10
BRI 1 1 1 1 1 1 1 1
TCAL6416RA 0 0 0 0 0 0 0 0

W S e A A as (T3 AEAs 4 A1 5 ) SUVFXTHC B %5 A7 4% 58 SONRIN B S BIEAT B S e o dip RO IR e 23 77 2 P ) 2
MIHATRE (BN 1), WA 5] IR 2 S . X s A7 ds A EAN L BIERR (B 0) , MIAHRE
i 1 5| B0 B A B A 2 TR PR

R T7-8. FHHEAMS (BHREFESR)

Br P07 | P06 | P05 | P04 | P03 | P02 | P-01 P-00
BRI 0 0 0 0 0 0 0 0
TCAL6416RB 1 1 1 1 1 1 1 1

L P17 | P16 | P15 | P14 | P43 | P12 | P-1 P-10
BRME 0 0 0 0 0 0 0 0
TCAL6416RB 1 1 1 1 1 1 1 1

MLE W fray (A f7ay 6 A1 7 ) BE /O SIMIKIT A WiRIX L Rp A7 a8 FP K 2E M B By 1, AR B3 11 51 B s H
N EAT PP SR BN AR AN o W SRR S A2 AR R BB TE BR O , WA s 1 51 IR T et o K o
MNP B T SO G R 3 S0 1% 1 SRR R A ] I T R

RT9. FHERM7 (HEFFR)

AL C-07 C-06 C-05 C-04 C-03 C-02 c-01 C-00
BRAME 1 1 1 1 1 1 1 1
TCAL6416RA 0 0 0 0 0 0 0 0
/A C-17 C-16 C-15 C-14 C-13 C-12 C-11 C-10
ERAE 1 1 1 1 1 1 1 1
TCAL6416RA 0 0 0 0 0 0 0 0
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i H DR B i i A A7 s A ] P i 1 GPIO 223 2% % HH SRS FEF o A1 GPIO #RT DA i P /> 25 A7 s 1 1) 67 3 7 3l
B B N BT A B R T . Bl AR TEAS Oxd41h (A2 7 1 6 ) #5515 10 PO7 | 2747 5% Ox41h ( iz 5 Fi1 4 ) %4
Ui P06 , PALEHE. GPIO Hydm i Bk 3 - F 4%y 00b = 0.25x XZN78)% . 01b = 0.5x WR&EN5EE . 10b = 0.75x
IXBNEEEEL 11b = 1x , LS A IKSN5RERE )1 7R TEE 2V EAER | 1S 6\

% 7-10. F7£5% 0x40h. 0x41h. 0x42h A1 0x43h ( B HIKFREEER )

fr cc-03 | cc-03 | cc-02 | cc-02 | cc-01 | cc01 | cc-00 | cc-00
ERAME 1 1 1 1 1 1 1 1
Br cc-07 | cc-07 | cc-06 | cCc-06 | CC-05 | CC-05 | CC-04 | CC-04
BRME 1 1 1 1 1 1 1 1
Br cc-13 | cc413 | cc12 | cc12 | cc11 | cc-11 | cc-10 | cc-10
BRI 1 1 1 1 1 1 1 1
KL cc-17 | cc47 | cc16 | cc-16 | cc-15 | cc-15 | cc-14 | cc-14
BRAME 1 1 1 1 1 1 1 1

B NBUE S A7 A8 0 I ANZE R P din I GPIO 5B A B ZhRE . IX L35 A7 23 0UAE 5| IITBC B oM N\ i LI A 2. 24
W NBAF AP AE AR NN O I ASBIAEAR L AR 51 BRDIR S o AR 51 BV EPIR S AR 2 A rp . B3R N A7 4%
SRR, U0 RAE S A S ] 5 A7 4 BTN IR (8] B AR AR | W T i R

K NBAFF AR E N 1IN, SBFHM RN SRS . RSB ST — Al N A b
INEE G N\ A7 A28 ( FAas O A 1) MUARRCAZ P Sl N 35 A7 s s BR R . (2, W SRE A 51 JIE
IR B 19 A7 4 2 AR B AR RS, MR STHER W, JF FLAa N\ i 1 %5 47 48 AR BT 2 R 51
(FIZ 41 -

Blan , Wik PO4 FIAAL T4 0 RZS | SREHAONEEE 1 RS, HIRENEE 0RE , M AL 0 w7 /7 a3k
SRS BOF A b T (W RR BRI ) o OGO AR A AR ST BRI, BB HAt A R AR, P
Regasbe , JFHMAE 0 FAAGME 4 AL “17 o RN A48 4 GLRT — Uk BUILAE B 32 B
“0” o

LA S OUF A RN DIHCRES |, IR JE IR [ LR ARSI, A W CRRFBOS o a0 N o A7 A IR O e 17 4
A ANIRZS AL, I i R 7 . W R A w5 A7 s MBI E B AN AR IR E |, JF R N IR R
BIHFUGIRE , h s

SR AN S BN A AR RN | D0 DA N i 1] 27 A7 2 S 2 S B 2 i s 2 AR P o G SR N 51 AR
R BN BRI U MR\ 27 A7 A B 2 S BB A7 I F T

R 7-11. F728 0x44h fl 0x45h ( ANBIFE 4% )

fir L-07 L-06 L-05 L-04 L-03 L-02 L-01 L-00
BRAE 0 0 0 0 0 0 0 0

o L-17 L-16 L-15 L-14 L-13 L-12 L-11 L-10
BRI\ 0 0 0 0 0 0 0 0

RN RLAE RE T AF A8 O VE R S FHEZE T GPIO S E Ry ER/ MR SR . Bz A B OviE AR 1 AT L FE b/
TR PSS . RZ AL ECE Z AR 0 2 WT B/ MR g S GPIO SIAIMIERE . 2 GPIO 51K B Vi i , H
BHES WA o A B/ B R £ A7 a8 oRiE 5 BB R PP 25

F 7-12. 51752 0x46h 1 0x47h ( _Eh/ FhifEgearfEas )

0A PE-07 PE-06 PE-05 PE-04 PE-03 PE-02 PE-01 PE-00
LININ - 0 0 0 0 0 0 0 0
TCAL6416RB 1 1 1 1 1 1 1 1
AL PE-17 PE-16 PE-15 PE-14 PE-13 PE-12 PE-11 PE-10
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£ 7-12. H175% 0x46h 1 0x47h ( LR/ FHAFREEER ) (4:)

A PE-07 PE-06 PE-05 PE-04 PE-03 PE-02 PE-01 PE-00
BRIME 0 0 0 0 0 0 0 0
TCAL6416RB 1 1 1 1 1 1 1 1

AT R A A A S VE P I AR AR L) A A A AR BC B BES GPIO , LA s g . RN
BENIEH 1 2 N1% GPIO Ik — 10k Q [ Ehr A . 5 My B E NI 0 2091% GPIO 5 Ik £ —
AN 10k Q [N HLPHAS . GBI FA7AE Ox46h R Ox47h ZEF LR/ NHiThEE |, WS NIX A7 A% GPIO
IR AR

£ 7-13. 1752 0x48h 1 0x49h ( _Eh/ FHikHFrs)

Rz PUD-07 | PUD-06 | PUD-05 | PUD-04 | PUD-03 | PUD-02 | PUD-01 | PUD-00
BRI\ 1 1 1 1 1 1 1 1
e PUD-17 | PUD-16 | PUD-15 | PUD-14 | PUD-13 | PUD-12 | PUD-11 | PUD-10
BRI 1 1 1 1 1 1 1 1

ERU, W A A SRRV ONIE R 1, FE ARG SRR T . R LIS IR AR N (14 BE L e B N2 AR 0 R
F el o

ISR B TR | I ELAR IR 5 P ORI G B 1, WO RT3 EL /I o 75 . o SR
17 SR OARERCBEL ) O , T 31 Al 5

BN TIRES , IFEP AR R Wl GRS, R o il A7 AR A BEE N 0 2 SRR S| S . R T
T2 IR R A N B8 v T 5 A Ve O 1, T R T 5 BB R T

£ 7-14. E172% 0x4Ah A 0x4Bh ( T Wi GRS )

AL M-07 M-06 M-05 M-04 M-03 M-02 M-01 M-00
A 1 1 1 1 1 1 1 1
TCAL6416RB 0 0 0 0 0 0 0 0

VA M-17 M-16 M-15 M-14 M-13 M-12 M-11 M-10
BRIAE 1 1 1 1 1 1 1 1
TCAL6416RB 0 0 0 0 0 0 0 0

HIWPIRZAS B A a2 H TR IR P R A R i ap A o BRI, 3248 1 ORI NS 51 TR IR . 124 0 o
NG AR R W 2 vh 7 B 27 A7 d P A N BEE DN 1 ( BRIl ) I, hIWPIRES AL [F1 24 0.

% 7-15. H774% 0x4Ch M1 0x4Dh ( H RS TS )

iz s07 | s06 | s05 | s-04 | s03 | s02 | s-01 S-00
BRI 0 0 0 0 0 0 0 0

fr s17 | s16 | S15 | s14 | s13 | s12 | s-11 $-10
BRME 0 0 0 0 0 0 0 0

i H iy G B A A e B D HESR BOTFIR /O 2. 4R 0 2% 1/0 Be B R ( Q1 Al Q2 A FisahiREs. #
K0 BENTR (Q1 #i2EH |, Q2 e FiEaiRE ) , @IS FEfERE A4 (06 F1 07 ) Huf
5| I E N 2 BT, X% 78 (0x4Fh) BE1T 4w FE .

ODENO fic & %5 1 0X , ODEN1 i & ¥ [ 1Xo
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£ 7-16. FE8S Ox4Fh (T HIR OB HFF5%)

Br 1568 ODEN-1 | ODEN-0
BRI 0 \ 0 \ 0 \ 0 \ 0 \ 0 0 0
7.6.5 HLEFEH
EHil4R 5 TCAL6416 2 [AliE it 5 N FseE iy 4 38 e 5k
7.6.51 5 A

R I AT ML o B AR 2L (LSB) W B NI 0, KA L2 TCAL6416 (15K 7-7 DL T R ge i
) o AT AERLEY 5 RIE , A T AR R T 2 G AR . — RS N RIS R BE T
Bos A PR

TCAL6416 H1f] 22 M 7asle BNAEN 11 ANFFAAMIHEIT . 1 X722 M N 297 % i T 3 7 88

Wt i B 7o MBEFAHE. FMHIRETAa (A 16 M58 ) « MABFTAa. LR/ hEREs
8% LRR PR T8 PRI BoRETA 8. ER— NSRRI G, F— M
TR R BN 1 S — AR (WS 7-9 K 7-10 ) o B, S — AN T B % B s 1
( H1E883) , P MNFWEAAEER LSO 0 (2% 2) .

— RE NS AL BB T BB BRI XA RS 8 SLE A AR AR AT DU T H A A A A AT S R

SCL 1234 /56 \ 7L 8\ 9 ce e ‘
Target Address ‘ Command Byte ‘ Data to Port 0 ‘ Data to Port 1 \
/ AD } / T T T T T T T } / T T T T T T T L / T T T T T T ‘
SDA|s|o|1|o|o|o|o|DR|:|‘A|olololololol1Io|‘:|o.7I . patao, ~ oollaf17 = Data1 RENE
Start Condition R/IW \Acknowledge \Acknowledge \Acknowledge | Stop
‘From Target ‘From Target From Target ‘ Condition
Write to Port % % h l‘_\
| | | 1
Data Out from Port 0 { { { X \
x 1 il
| | gl J
Data Out from Port 1 \ \ | Data Valid | *‘
| | | oM
& 7-9. 5 A\ 24 disn O EF R4
scL 12\ J3\ 4\ /5\ e\ 78y oL/ 1\ 2\ /3 4\ /5 Je\J7\ 8L yo\ U 12\ 3\ J4 L7812 /3 4L JS5 e e o
Target Address | Command Byte | Data to Register | Data to Register
AD ‘ T T T T T T T ‘ 1 T T T T T 1 ‘ 1 T 1 T T T T
spa[s|o|1[o]ofofo[AR[o]lafo 0 0 0 0 1 1 ofa|mss Data 0 LS| A [usB Data Lse{a|p|
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L K =
Start Condition RW ‘Acknowledge ‘Acknowledge ‘Acknowledge Stop
From Target From Target From Target Condition

& 7-10. E AR EF 75

7.6.5.2 $£EX

SR A AT Je ik TCALG416 Ml , JFK LSB W E N4 0 (S 7-7 AR S ) o @7
FEMINEZ JE A5, tRE 1 BT IR 27 A7 45 o

HHABG , OGRS L | ERX VR RARA A BB N 1. )5 o1 TCAL6416 ik & 75 PriE LK
THBP AR (ESHE 711 MK 7-12) o BUETE ACK BN KT AR BIF A4 b s — AN
Ja , AR BB Y (AR S Tzt s AR AR A R Bl ARG A 1 1, SR
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R AR A L 0. — KU TR B IR, EERORE AR B IE A
AFRUE R . FEREIEFESIE | a7 RS B N R AR IE . B, R
B A B JE S T A NS 1, P EET R B2 R SR E A A R O A 1 0.

Data From Lower

Acknowledge Acknowledge Acknowledge or Upper Byte  pcknowledge
Target Address From Target From Target Target Address From Target of Register £rom Controller
/ AD T T cl T dl B tl 1 T T 1 T T T ¢
D000 D000 MK E T D 00 DD 00 & D e D D)
h A
[&—— First Byte ———|

RW At this moment, controller transmitter RIW
becomes controller receiver, and

target receiver becomes target transmitter.

Data From Upper
or Lower Byte No Acknowledge
of Register  From Controller

/ 1 T 1 ] T T | ¢

-"m?..Pm.:$MQJ
A

4— LastByte ——» Stop

Condition
B 7-11. \EFFEREEEL
scL FEWAVEWAWSW WL AW W AVAWAVAVAVAVAVAWAVAVAVAVAVAVAVAVAW AV AFY
Target Address ‘ Data From Port } Data From Port }
AD T T T T T T T T T T T T

SDA |s|o|1|o|o|o|o|DR|1|¥A| Datat |%A| . pataa . [NA[ P

Start R/W ﬁ ACK From ﬁACK From NACK Frorﬁf L}Stop

Condition ‘ Target ‘ Controller Controller Condition

Read From

Port r\_

Data ZX Data 3 Data 5

Data Int :\/(
aaPr:)rct) Data 4 X
‘ tph

—» tps

=
=

INT is cleared
by Read from Port

|
|
|
|
|
|

4?44j4444

-

INT | ‘ | Stop not needed
tivﬂ‘ !F & M to clear INT
A, FTRLE I A BRI O | TR BORT LB I B B A R (R ) o AR Z AT A T DR E

29 00 ( EEEUHA GG T AEER ) o
B. XiKEAEEMLSTYifEM. EHES0, AR B brhhb I RIR E P 5 O RSB i s 2 i B st (iEsmEE 7-11) .

A 7-12. SR\ O A
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8 N L

&iE

PAR 2873 s AR EAE T T o, T AMEORICHERR A e 8 vk . TI B2 7 R AR S E & oo
FEIEHTHNM . 25 MR B SEIL, A R STIRE .

8.1 MNAER

FEN A, TCAL6416 SAHEN HARZERR] 12C 388 ((AbHREE ) ; 12C MR R S AR 80 1 HoAth B AR A4
TCAL6416 fir T-ik E il d M AR A B |, FE i« 75 2 AL sz 1 GPIO.

TCALG416 ) — >t L FAE P A 25 A FEL IS (Veor) BUR , 78 P 3 DU LT (Vo) 8mr. FTEAKS P g G B
DRERBSHMN R, IR AL, IR EE. TR LED. SERT B P oo DIRCE NN | LRI
K E I R IR B A Hd

8.2 HAIN
K 8-1 B/ T ] LUfEFH TCALG416 1N A .

Vel Veep
10 kQ (x7) D
Veei=18V ——t——t—1— ALARM(
é é é NN SUBSYSTEM 1
10kQ > 10 kQ > 10 kQ > 10 kQ ,}: :
Veal Veal Veep ! ‘ : |( A
Target | ! !
Controller poo ! | | Enable I | controlied
SCL [ scL Po1 , ! \) Switch
SDA SDA " TCAL6416 | :
INT INT I I BL
RESET RESET b2 | !
P03 :
GND P04 '
P05 :
P06 :
P07 |
P10 4 Keypad
P11
P12
P13
ADDR 14
P15
P16
GND P17
|
ps
A XFTAIRE A HbERC E 9 0100000,
B. P00 #il P02 - P10 it & NHiA -
C. PO1#1P11-P17 B & Nt .
D. FIREESIMHIAN (7E P imH L) FEBHE. WA RS SRA NG, WATERELS. fl (FEP AP ) AFRE LRH
FHAR .
& 8-1. BLAY N F [ 2 A
8.2.1 it ER
& 81. Bt
S ~PHE
12C f N HLE (Vear) 1.8V
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81 ®irsH (&)

BitsH AR
P uiii N FLE (Vecp) 3.6V
HrH ERAUE , P i YT (loy) 25mA
B RAUEM | P 3 ORI (Ion) 10mA
12C =Lkitoh (SCL) & 1MHz
8.2.2 JEH R W FE

3279 SCL I SDA Sl X4 LR i fiLE Rp , JE5HE 12C 2k LA FRRAG A . Si/h BRI Vg
VoL (max) M loL HIBREL :

Veer — Vol
Rp(@min) = IO—L(maX) (1)

B EBr HL PR B R BT TE] & (55T fgoL = 1MHz f PGSR I s i 47, 1% (88 120ns ) FUSZE 2 Cy 1
PR

tr
Rp(max) = 58273 %03 )

X T AR A BRI U 4T | 12C BRI K 2 A AT 400pF | % T Puad it 0 s , A5
550pF . Ali@iL ¥ TCAL6416 (1% ( SCL N Ci, SDA A Cip ) « HLLR/ERE/A LB | UL S EHAL H bR
R RLASARIN Al H S 2R L2

8.2.2.1 34 I/O #% LED I 5B AR/ Icc

I 8-2 i , 24 /O FiI T4 LED B, VO % it — AN B 8868 Vocp. X TRCE MM P ST, I
WFERE V) BT Veep MBI, LED £ WA , R BMHE Vo, 24 P i DA E 4 AR LED K | {2 P
Uiy A R %5 T Veepee - Vo

XTI g B N A 2 P o TR B A DU /MU L FERE |, #2500 LED /9 P i R HEUER 26 200K T 8055 T
EHRE 11O V) IRFFESE T BUS T Veep , 24 P i LECE M FE H LED 422K, wT BART (%5 41 1) H s B T #E

Vcer

100kQ

Vcer

LEDx

El 8-2. 5 LED FEk /) & FEAE A FH AR

32 R 15 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TCAL6416
English Data Sheet: SCPS276


https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com.cn/cn/lit/pdf/ZHCSNY9
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSNY9D&partnum=TCAL6416
https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com/lit/pdf/SCPS276

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TCALG6416
ZHCSNY9D - JUNE 2022 - REVISED JANUARY 2025

1.8V 33V
Vcep LED
N
LEDx

&l 8-3. B Rt i B2

8.2.3 W ¢
25
—— Standard-mode
\ —— Fast-mode
20 \\ —— Fast-mode plus
g 15 \
\
& 10 N,
5 I
~ .
0 .
0 50 100 150 200 250 300 350 400 450
Cp pF)
PRt fscL = 100kHz t,=1us
Pog A fscL = 400kHz t, = 300ns
PR fscL = TMHz t, = 120ns
& 8-4. BR BRI (Rp(max) 5 HELHA (Cp) RIFIKR
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8.3 HLYFAH AN
8.3.1 _LFHAEMER

AR R AT EEEE SR | AT LR AL ThRER TCAL6416 E A NERUCIRAS . EHEA ZR L T -
A BEs R . JaFEN B R BN, kAR L.

8-5 Mk 8-6 for | PIAPRALH L HIE LT,

Veer

| |
| |
Ramp-Down | | Re-Ramp-Up
| |
\ |

| |
| |
| |
\ ]
| |
| | «——VcC_TRR_GND—P,
| |

: ‘ : P Time
| | Time to Re-Ramp |
<+ Voo RT—P - Vee Fr N «—— Voo RT—»
& 8-5. ¥ Veep BE 0.2V B OV LLF , REHTF
Veer
A
: Ramp-Down : : Ramp-Up :
: FVCC_TRR_VPORW;% :
| Vindropsbelow PORlevels | N\ ‘ | |
| | | |
; ; ; f }Time
| | Time to Re-Ramp | |
*+— Vec T —> —— Vec RT—H
8-6. ¥t Vccp ZEMT POR BIE , REEHAF
* 8-2 B T AL T REAEHEAT PRSI Y b B R A B B PR RE
# 8-2. BN HIRRH P AR AR
30 @ g T mkm| we
ter NS HZMIK 8-5 0.1 2000 ms
trT RSP pt EZ K 8-5 0.1 2000| ms
trrRR_GND P ERE A TE (4 Voo B4 GND i) HZMK 8-5 1 us
tTRR_PORS50 FHHTHRRIEI ] (24 Voo BEZE Veor min — 50mV I ) HEZ K 8-6 1 us
=] VCCPﬁGW =1ushf s VCCP AR Z B TFIMEA S F IR ES
Vee_eH 17 ) L W E 8-7 10| V
tew B VCCF’_GH =0.5 x Veex i , AN FE IR F W T LR W& K 8-7 10 us
VpoRF &A% Voo I POR A HL IR B35 55 0.6 \Y
VPoRR THE Vee I POR ) H 5 MRS 5 1.0 V

(1) Ta=25°C ( BRIESAHE) .

(2)  RE&TWR. HRIEBHHE

RLJR P BT B S b S 00 B AR RE . THRTERE (Voo ow) MR (Vcc GH) M ELAKH . g, I
PUAT BB B S b i AR R 2. A e T X B RS BT 215 R, B K 8-7 Ak 8-2.
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Veep
A

} Time

K 8-7. TMREMTNRE

Veor X EHEMEREE, KT Vpor X —HEHTH , RELBIMELLAM , IR FTE G AR 12C/SMBus
RENAIENERIRES . Veor MEAR , BAKBIRT Veep 2 TR 012 M 0 HG BT, ARiZMEES
TR, S 8-8 FIk 8-2,

Veep

A [
[
\
[

VeorR |~~~ — — -
[
Veorp |~~~ — — —

[
‘ > Time

POR :

A |
[
[
\
\

} Time
[ [
\ \
& 8-8. Vpor
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844

8.4.1 T /FHEH

R B AE AT SN | UL IR LU 8 BRI F R A (PCB) i A A LRkt AT #/E. ST 1’C (B 5 Em S , £
% 18 5 Ve AR A DR A A 1) A (VR BCPHTAN Z 70 X ) Ao

EFTA PCB fifs i, SefEseik R S ML EEHM , B FER LR (IC) MLk ibE 5/ 2 BRI L BOT |
FEATE FH AR P A 2R R AR 308 2 483 RN B AT 2R O B R I L . 5% B FEL S B N R e AR 88 08 T4 i FL U
S R o 5 AR I S 28 T I T () R T P SR LA R TS AN I R R B T R v AL
Wo XU RN R fESEir TCAL6416. 8-9 JE/R T IX LA S .

Xt K 8-9 RN R B, ATC TR TE 5L, 52 AR IR (GND) H)73E1°F i, MmidTiE A
2 JZ1) PCB. {HAZ | X T SAA LS R R IR , BRI 4 R, £ 4 2 PCB L, HAAETZAM
JRZ LRATE DAL, B DWIZER TR, JR8 50— W ER LTI E i . 74~ i sl sy
FV AR D BN I T ) B AR AT SRy A e, e L LR B AE 7 EOE R B A U B GND (2R T W 3 TT AR AR 4 55
i, JF BB AL UL A7 AOERE SN 02 SR B AR K 5 — 0o o SRR BN (5 S L H AT B R B AR 51—, A
FI@EL , 5 K 8-9 HRB R ZHIA .

8.4.2 77 /G b
To Controller
vee
4 12
(7] = Q < —
2lz,208]503
I
|
®) O
= =
o o
= °
GND
@» Signal ® GNDvia ® VCCyvia GND plane VCC plane
& 8-9. TCAL6416 fi /5
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9 BRAFF SRS
9.1 B TS FEHE AN

BRSO EOFRE A , T SR ti.com LRSI S OCIER . st @A AT BVR] AR Bl A IS A
o HREMMEAELE | i RTS8k

9.2 LK

TIE2E™ i Se g in e TR EE S EVOR | T EEMN L KA RANE . S RiF @S, #E
WA MZBIRE 3 W&, SRR P T E B

BERPIN A BN TS “IRERE” 24t XN FEIAE TI FEARBIE |, FHFEA—E B TI A iES 3
TI i FH 252K

9.3 Hitr

TI E2E™ is a trademark of Texas Instruments.
A b H % B BT & I =
9.4 FH B HESE

F LA (ESD) SR IRIX AR L . B (0SS (T1) B G 24 1 TS0 H M AL FE T A B B o Sy T ) A 3
A RIZHALT | ] B SRR BB

i\ ESD (R /NE SERUNVERERER | KEBA IR . FEER LT EA S ZIH | ZRFENEEANmS
HOE R it 2 S BT S HOR A U A AR T .

9.5 RiE%R

TI RiEFE AARERIIH IR TARE . BT B4R F5E Lo

10 BT P SBid

o DARTRRAS B DU AT R85 24 T RSAS B DR AN [

Changes from Revision C (June 2023) to Revision D (January 2025) Page
o [EBEERRFERIT 24 51 VSSOP 2 .o 1
¢ UNIIT 24 Gl VSSOP 2 .ottt ettt reebe b ereene e 3
o TRNIT DGSO0024A HIBEEIDE .....ovvceeieeeeeee ettt 39
Changes from Revision B (April 2023) to Revision C (June 2023) Page
o CHSCRYBRM “TCALBA16 16 £ 12C S 2k ” TN TCAL6416 16 1457 12C HZ o ..o, 1
o TET BT T NI T TERE 2ttt 1
Changes from Revision A (August 2022) to Revision B (April 2023) Page
o MIBR T HEEE R TSSOP IR E TR AT LI c.eoeeieeeeeeteee et 1
Changes from Revision * (June 2022) to Revision A (August 2022) Page
o CBESTRYM CTREEE” EHUN 1 7 B e 1
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11 BRI SRS ST RF

1.1 BSOS B FrdE &0
FENCCRYEENE A, 1 FAE ti.com LRSS S SO gy AT BRI AR BRI S S T S
B, ARERELG R | IEEEEA ST SO RS BT T il k.
11.2 STRETUR
TIE2E™ 2t TRMPEESE TR, T HEMNE ARG RE. SdRIER@SEMTHHEE. B8R
WA R B B ARy, RIS T Pl i B .
BRI AN AR STk E AR SRt IXEENE I AL T AR | FEEA— @ < T WA 15210
Tl B 263K
11.3 Btz
TI E2E™ is a trademark of Texas Instruments.
o b % BT & I =
1.4 F B ES
BRI (ESD) SR RIX AR HL G . ZE AR (TI) B BOEIIE 24 i T 5 B AL BT A R F B . 0 SRS <3 IE A 0 b
A RIS R | A SRR S s
m ESD H#IR/NE FERUNIERERR R , REBAIRMME. F% LR RS ATRETE A 52 21K | X2 R vIEw n) 2
B ] B T EUER R 5 R A BTSN HE A
11.5 RigF
TI RiE%E BARIEFZF IR T RIE. B FRYESIRAE Lo

12 HL. HEMETEGE R

TR A S MU BTG S . X5 B4R E S F e o 8l . BR g A s , A TEM , H
ACKSTATIEAT o« A RILEAR R AR T A hAS | 75 2 0 A2 (1 5 A
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12.1 HUEE

PACKAGE OUTLINE

DGS0024A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE
PIN 1 INDEX
AREA
5.1 SEATING
47TYP ‘ [&]o]c—+ PLANE
r 22x[0.5] ‘
= o
==-
1 T
—
1
—
2x[55
1 :l
—
1
— 4X (0°-157)
1
== .
~ |
3 24x 0275 I
31
(8] 29~

SEE DETAIL A\} Pﬂ 15

J EAI (0.15) TYP

~— . /
GAGE PLANE
o ff* L_.fw ‘L0.15
0-8 0.4 0.05
DETAIL A
TYPICAL

4226366/A 10/2020
NOTES: PowerPAD is a trademark of Texas Instruments.

-

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

This drawing is subject to change without notice.

This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

No JEDEC registration as of September 2020.

Features may differ or may not be present.

ok wb

TExXAs
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DGS0024A

EXAMPLE BOARD LAYOUT
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

SYMM
24X (1.45) T—-‘ ¢
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA002 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.
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EXAMPLE STENCIL DESIGN
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 15X
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NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.

TEXAS
INSTRUMENTS

www.ti.com

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TCAL6416

English Data Sheet: SCPS276


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com.cn/cn/lit/pdf/ZHCSNY9
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSNY9D&partnum=TCAL6416
https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com/lit/pdf/SCPS276

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 7-Jan-2025

PACKAGING INFORMATION

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 ®3) (4/5)
(6)
TCAL6416DGSR ACTIVE VSSOP DGS 24 5000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 L6416
TCAL6416PWR ACTIVE TSSOP PW 24 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL6416
TCAL6416RTWR ACTIVE WQFN RTW 24 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 TCAL
6416

@ 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 TI'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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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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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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
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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
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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)
TCAL6416DGSR VSSOP | DGS 24 5000 330.0 16.4 544 | 6.4 145 | 8.0 16.0 Q1
TCAL6416PWR TSSOP PW 24 3000 330.0 16.4 6.95 | 83 1.6 8.0 16.0 Q1
TCAL6416RTWR WQFN RTW 24 3000 330.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
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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)

TCAL6416DGSR VSSOP DGS 24 5000 353.0 353.0 32.0
TCAL6416PWR TSSOP PW 24 3000 356.0 356.0 35.0
TCAL6416RTWR WQFN RTW 24 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RTW 24 WQFN - 0.8 mm max height

4 x 4,0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224801/A
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MECHANICAL DATA

RTW (S—PWQFN—N24) PLASTIC QUAD FLATPACK NO—LEAD
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NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

This drawing is subject to change without notice.

Quad Flatpack, No—Leads (QFN) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RTW (S—PWQFN—-N24) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

(OPTIONAL)
1 [}
\Li Jujuuu
T 24 C7 E d Th | Pad
/—— xpose erma a
D 1
D -
2,70+0,10
D + -
l D -
19 CZ
ANARAIIAEAEA

L] T3

4— 2,700,110 —»

Bottom View

Exposed Thermal Pad Dimensions
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NOTES: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RTW (S—PWQFN—N24) PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design
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A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures 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 IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.

NOTES:
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0024A

SMALL OUTLINE PACKAGE
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.
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EXAMPLE BOARD LAYOUT

PWO0O024A TSSOP - 1.2 mm max height
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O024A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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