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xcc" HL U LR 1.08 3.6 v
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) SCL. SDA. RESET | 0.7 * Vg 3.6
ViH T FLP AN L \Y
P00-P17. ADDR 0.7 * Veep 3.6
SCL. SDA. RESET 0.5 0.3*Vcg Y
Vi R H T R
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5.3 BUUBITHMF ()
75 SRABIASK A 109 fiEL PR P 045 (Rl 53 4 T )

®AME  ®AE| B
low ( P
TR | RSP H HIR (Veep - Von < 0.3V) P00-P17 -160| mA
it)
loL i P4 LI (VoL < 0.3V) P00-P17 25 mA
lou ( FTE
BRI [RHESPTH IR (VoL < 0.3V) P00-P17 160 mA
i)
Ta IR IR -40 125 °C
Tece FLESARIE R ( AEBE RS 884 1mm b ) -40 120 °C
T 4 125 €
5.4 HMEREE R
g3
#daps (1) DTO (X2QFN) Hpr
51
Roa SEE B 150.4 °C/W
R yc(top) gEE Ay (T ) #PH 48.1 °CIW
R 4522 H R AR AL 89.4 °CIW
YT 45 B TIARHIE S 1.0 °C/W
RN 45 2 W KRR IE S 4 89.2 °C/W
(1) ARHAMERNEZEE | SR PHRIC A IRFR N RS .
5.5 B4
7E ORI KSR T I TAR IR G N AR ( BRAESS A 1R )
; BN WA g
= p Vv
Vi BN AR I, =-18mA 1.08V % 3.6V -1.2 v
VPORR HRENHE , VCC 7t V| = VCC & GND s |o =0 0.85 1.0 \Y
Vporr | FHEAHIE , Voo FHE Vi=Vec 8 GND, lo =0 0.6 0.75 v
1.08V 0.8
lon = - 8mA ; CC-XX = 11b 1.65V 1.4
WS 7-9 2.3V 2.1
\ P LS 1 L > 28 v
Uiy 11 e HL P L
OH e lon = - 2.5mA H CC-XX =00b ; |1.08V 0.75
loy= -5mA H CC-XX=01b; 1.65V 14
loy = - 7.5mA H CC-XX=10b ;
low = - 10mA H CC-XX=11b; |23V 21
BB HE 7-9 3V 2.8
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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 )

PN ; v - Z N I SN
1.08V 0.2
= . CCXX = 1.65V 0.15
B !i;%~,8mA'CC XX = 11b v
WK 7-9 2.3V 0.1
v MG T-A P 3.0V 0.1
(GRS
o J loL = 2.5mA H. CC-XX =00b ; 1.08V 0.25
) |o|_=5mAE_ CC-XX=01b ) 1.65V 0.15
P 3 loL = 7.5mA H. CC-XX = 10b ; Y v
loL = 10mA H. CC-XX = 11b ; 3 0.
WEHE 7-9 3.0V 0.1
[ R HL P 6 ) Hh SOA Vo= 04V 1.08V & 3.6V 20 A
N7 1 ri ey S . . m
o R INT Voo = 0.4V 4
o 5 V| = Ve 5 GND 1.08V % 3.6V +1
Iy 1 IR FLR P i
V=36V ov +1
MA
| AT S O (VEVER qc 1.08V % 3.6V £1
I IR LA ADDR V| = Ve B GND 1.08V & 3.6V +1| pA
SDA , RESET = Vgg , 3.6V [
P i , ADDR=Vcep 8 GND , 2.7V 5 1 A
/O = Hi\ , fscL = 400kHz , 1.95V s gl "
-40°C<Tp < 85°C
TARBEA 1.32V 2 6
(400kHz)
SDA , RESET = Vg , 3.6V [
P, ADDR =V¢ep 8 GND, 2.7V 5 18 A
/O = #iIX , fscL = 400kHz , 1.95V 4 14 "
. < 125°
85°C < Tp < 125°C T30y P
SDA , RESET = Vgg , 3.6V 34
P, ADDR = V¢eep 8 GND,  |2.7V 24 A
/O =N, fscL = IMHz , 1.95V 18] "
0o < 85°
lec - 40°C < Ta = 85°C 132V 12
(I + | AR
CCl A A~ 2 IL (1|\/|HZ) 36V 12
ICCP) SDA , RESET = VCCI , i
P, ADDR =V¢ep 8 GND, 2.7V 30 A
110 =% , fscL = TMHz , 1.95V 22 H
. < 125°
85°C < Tp < 125°C T30y s
SCL , SDA , RESET = Vgq , 3.6V 15
P, ADDR = V¢eep 8 GND,  |2.7V 1.2 A
VO =%\ ,1o=0,fscL =0kHz , [1.95v 06 H
0o < 85°
. 40°C < T < 85°C 132V 0.6
FpLERs 3.6V 14
SCL , SDA , RESET = V¢ |
P, ADDR =V¢ep 8 GND, 2.7V 10 A
/O =%\, 1o=0,fscL =O0kHz , [1.95v sl ¥
o < 125°
85°C < Tp < 125°C T30y 5
Rpu(i s e A= 2] kQ
o . P 3 1 7 10 14
Rodiny | PIHE Tz HFH kQ
C LIPNG]Y S iR SCL V, = V¢ BL GND 1.08V % 3.6V 2.5 5| pF
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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 )

% MRZ A Veer RL RS RS ay
SDA Vio =Vce 8t GND 1.08V £ 3.6V 6 8

Co |-zl pms - oF
P ¥ 1 V|0 = VCC 8 GND 1.08V % 3.6V 6 8.5
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5.6 B} FE R
TE ORI KSR T I TAR IR SE N AR ( BRAES AU )

BAME  BAME| B
tw ST K RE SR B (] 80 ns
trec S ARG ] 0 ns
tRESET ST ] 400 ns
P % H
tpy ‘E'fﬁttﬁlﬂiﬁﬁﬁ P ity 1 b F s /N ik 58 P 30 ns

5.7 I°C RERBT FER
1E B AR KSR T B TARR T A S ( BRAE A U )

BRAME BAE| HBAr
12C A2k - FRHEsR
fsal 12C I h AT 100| kHz
tsch 12C Hif e TR ) s
tsal 12C i 1 FRLF B ] 47 us
tsp 12C 42 fst|a) 50 ns
tsas 12C H3 47 ¥t 4 B i 1A 250 ns
tsan 12C B ATHIE (A5 I [R) 0 ns
ticr 12C N LT i) 1000 ns
tics 12C %\ K [0} a) 300 ns
tocr 12C %t T P ] 10pF % 400pF #4 300 ns
tour 5 1L R R BN Z A1) 12C 428 2 PR i 1) 4.7 us
tsts 12C & Bhsk s 5 e s s U E 47 us
tsth 12C J& Zhuk B 4 )8 sh & R ER 4 us
tsps 12C {Z 14 F B 4 us
tyadatay | B RCEE I TA] :ﬁg;ﬁ V51 SDA #ii 3.45 us

M SCL {i& #5751 SDA
taaok)  |ACK FAFHIH 2 i 7] () R 345 us
ACK 155

Cp 12C Btk 400| pF
12C 5%k - PusiE
fsal 12C AT 0 400| kHz
tscn 12C i g FEL ST ] 0.6 us
tsel 12C it b % H T B i) 1.3 us
tsp 12C U1 [i] 50 ns
tsas 12C AT Hd 5 B 1) 100 ns
tsdh 12C B3 A7 B4 AR I ] 0 ns
tior 12C i N\ _E TV i) 20 300 ns
tics 12C Hg N T i ] 20 x (Vcc/5.5V) 300 ns
toct 12C i B i) 10pF Z 400pF #% 20 x (V¢o/5.5V) 300 ns
tout fFIERURBIZ A 12C K 2825 I ) 1.3 s
tsts 12C JHZhsk i e B R E 0.6 us
tstn 12C & 32k E 5 5 B 4 R 0.6 us
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5.7 1PC BT FER (42)
TE 13RI AT 1 TAR IR 6 B S (B i )

B/ME BAE| Hfr
tops 12C {2114 fH i E 0.6 us
tvd(data) 15 R R A if:ﬁl_;ﬂ[f LT 51 SDA #i 0.9 us

M SCL ik HFF] SDA
by |ACK 2 I RCHERT ] (it ) AP 09| s
ACK {55
Cp 12C MRS 400 pF
12C 4k - fag+ A
fsel 12C bR 0 1000 kHz
tsch 12C Mo H Y i) 0.26 us
tsal 12C i ek T hef ) 0.5 s
tsp 12C 2Rt 50 ns
tsas 12C AT Hd 15 B B 1) 50 ns
tsan 12C AT HHR PR R I 1) 0 ns
ticr 12C # N\ _ETFi A 120 ns
tics 12C #g N\ T i ] 20 x (Vcc/5.5V) 120 ns
toct 12C i B i) 10pF Z 550pF a4k 20 x (V¢o/5.5V) 120 ns
tour {F ARSI Z A/ 12C 22825 R I ) 0.5 us
tsts 12C Bk E AL 3 4 0.26 us
tsth 12C J& ZhEk & JE s AR FF 0.26 us
tsps 12C b A 1F i B 0.26 us
G | HRCHCH T SCL I SOA 045/ ps
M SCL ik #1751 SDA
tyd(ack) ACK 2 F i 2K i) 1] () (RS 0.45 us
ACK {55
Co 12C B2 Pk 550| pF
5.8 FFobeft:

E H AR R T B AR EEVE FE 1S (BRIESS AU )

2R M (FIAN ) = (fd) BME  BAE BRE| B
tiy HH T A0 (] P i 1 INT 1 us
tir FF T A A7 2B R s (] SCL INT 1 us
tov i H B A R (] SCL P i 111 400 ns
tos SN B B (A P i 1 SCL 0 ns
ton N B DR AR [ P 3 11 SCL 300 ns
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5.9 SLAVREE

Ta=25°C (RAES AT )
21 45
e VCCP =3.6V e VCCP =3.6V
18| — Veep = 3.3V 40 | — Vgep =3.3V
e VCCP =25V e V(;cp =25V
21 15 — Vcep = 1.8V g 35| —— Vcep = 1.8V
E — Vcep=1.2V / E — Veep =12V 1
] L g 30 —
5 12 —— 5 ]
(&) — O o5 —
S L~ S
g 9 g | —
I—
3 | ] 3 2 ——
g © —] 9 15
© _// © —
3 —
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)
& 5-1. HIFEHRRSEEERXR - FM R E 5-2. HEAMRRSEEHRRR - FM+ B
8 20
— Vcep = 3.6V — 125°C
7| — Vecp=3.3V 18| — 85°C
—— Vgep = 2.5V — 25°C
< 6|— Vcep=1.8V < 16| — —40°C
= — Veep = 1.2V 2 14
CIC) 5] Veep = 1.08V 5
5 / 5 12 -
[SI o |
= >
S a 10
S 3 S
@ >4 o g
£2 =1 —] < 8 6 /
1 //_/ 4 /
bm————r =
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)
A 5-3. Rl BBV BRI SIS A R R & 5-4. BHIFHRSHIFHERRR - FM ER
40 45
— 125°C — 125°C ]
— 85°C 40 | — 85°C
38| __ 25:C — 25°C ?/
< — —40°C — 35— -40°C
2 30 P> E /
= = 30
g ) e £ /
= 5 =
S / £ ///
= 1 o
g 20 = = 20
S £
» / 9 15
L 15 = 3 Y/
© / 10
10 —~
// 5
5 0
1 14 1.8 22 2.6 3 34 36 0 0.1 0.2 0.3 0.4 0.5 0.6

Vcep - Supply Voltage (V)

Bl 5-5. HIF S HIRHRURIR R - FM+ 88X

Bl 5-6. IO MEHPE SHIMEHRIERIRE , Veop = 1.08V

VoL - Output Low Voltage (V)

10

HERXFIRIF
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5.9 MR (4)
Ta=25°C (BRAE3A3H] )

70
— 125°C | —
— 85°C
0 — 25¢ P
— -40°C ]
50 Ve
/|

Y
/
10 //

0

loL - Sink Current (mA)

0 0.1 0.2 0.3 0.4 0.5 0.6
VoL - Output Low Voltage (V)

B 5-7. 10 R EHHKHEERRER , Vecp = 1.2V

200

0| — 125°C

— 85°C

160 [ —— 25°C ~
z — -40°C L~
T 140 —
= L—
£ 120
© | — —
2 [ —
3 100
(&)
< g0 |
z
g 60 //
T a0 //

2 o

=
0
0 0.1 0.2 0.3 0.4 05 06

VoL - Output Low Voltage (V)

& 5-8. /0 EHG SHHKEBEERRR , Vecp = 1.8V

275
— 125°C
250 g2
225 | — 25°C
T 200 — #0°C
E
=z 175
S |~ |
£ 150
S 125 1
X
c
@ 100 Ze
3 75 ]
50
//
25—~
0
0 0.1 0.2 0.3 04 0.5 06

VoL - Output Low Voltage (V)

#l 5-9. /O E A SR LBRERRR , Vecp = 2.5V

325
300 | — 125°C
275 ggog
250 | = -40°C
225
200
175
150
125
100
75 -~
50 "
25 /
0

|\

loL - Sink Current (mA)

0 0.1 0.2 0.3 0.4 0.5 0.6
VoL - Output Low Voltage (V)

K 5-10. /O E R 5B EEMRR |, Veep = 3.3V

325
300
275
250
225
200
175 Z
150
125

100
/
75 L
50 =

25 2~

-
0

125°C
85°C
25°C
-40°C

loL - Sink Current (mA)

0 0.1 0.2 0.3 0.4 0.5 0.6
VoL - Output Low Voltage (V)

B 5-11. 10 ¥R SR IR HERIR R , Vecp = 3.6V

90
— Voep = 1.2V, loL =10 mA

80| — Vcep =33V, lo =10 mA
S — Voep = 1.2V, lo = 1 mA
E 70| — vgep=3.3V, lo,=1mA
[
o
8 60 —
3 L
Z 50 — i
o) —
= 40 —|
>
o
5 30
3 [ —
3 20 ——]
>

10

0

40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C)

Bl 5-12. 110 R ESRENXER
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5.9 MR (4)
Ta=25°C (BRAE3A3H] )

36 55
— 125°C \ — — 125°C -
33 = 50
—— 85°C — 85°C L— | —
30| — 25°C = 45| — 25°C =
__ 27| — -40°C S -40°C ]
< <
E 24 E 3 e
5 21 /| % % A
5 18 5 /]
o S 25 L
o 15 © /
8 /) g 20
3 12 3 v
%5} i D 15 /
° 7
6 10
3 5
% V]
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 - Vou (V) Veep - Vo (V)
A 5-13. 110 A SR EBEERRR , K 5-14. 110 AR SHMEHERERRR ,
Vcep = 1.08V Veep = 1.2V
130 175
120 — 125°C — 125°C
— 85°C — 85°C
M0 — 250c > 190 25ec
__ 100 — -40°C _ — -40°C
< o ] < 125
E E —
= 80 c
g 70 § 100
3> 3
O 60 O
75
g 50 z g
=} 3
& 4 % & s0
30 L
20 bz 25
10
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)
Kl 5-15. 10 IR SR RERRR , & 5-16. 10 hreE R SH R EERRR ,
Veep = 1.8V Vcep = 2.5V
220 240
— 125°C — 125°C
200] _ gsec 210 [ — 85°C
180 | — 25°C — 25°C
. — -40°C __ 180 | — -40°C
g 160 A <
£ 10 £ 150
g 120 — g
S 100 3 120
§ 80 = § 2
@ 60 Z 3 o
40 /
e %0
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) Ve - Vo (V)
B 5-17. 110 Fr R SHHERERRR , F 5-18. 110 B R SHHFEHERRER |
Veep = 3.3V Veep = 3.6V
12 R 15 Copyright © 2024 Texas Instruments Incorporated
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5.9 MR (4)
Ta=25°C (BRAE3A3H] )

0.14
— VCCP =1.2V, lSOURCE =-10 mA
0.12 — VCCP =3.3V, lSOURCE =-10 mA
— Vcep = 1.2V, Isource = -1 mA
04 — Vcep = 3.3V, Isource = -1 mA
S
z 0.08
z T T
% 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 R ESEE KRR
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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

14 R 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TCAL6416R
English Data Sheet: SCPS290


https://www.ti.com.cn/product/cn/tcal6416r?qgpn=tcal6416r
https://www.ti.com.cn/cn/lit/pdf/ZHCSW04
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSW04A&partnum=TCAL6416R
https://www.ti.com.cn/product/cn/tcal6416r?qgpn=tcal6416r
https://www.ti.com/lit/pdf/SCPS290

13 TEXAS
INSTRUMENTS TCAL6416R
www.ti.com.cn ZHCSWO04A - APRIL 2024 - REVISED JUNE 2024

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 :
|I)r':’trc: \ N\ / Address X Data 1 | Data 2
|
0.7 xVee
0.3 x VCCI
View A-A View B-B
A, CL BIEREH I HHIA
B. AN EA LR R AR PRR < 10MHz , Zo = 50Q , t/t; < 30ns.
C. IHERrA ZEMPILER T o 8 F.
B 6-2. M i 47 R FEL B A P PR BT
Copyright © 2024 Texas Instruments Incorporated TR 15 15
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Pn 500 O
C, =50 pF
L
I (see Note A) 50002
P-PORT LOAD CONFIGURATION
—— 0.7xV,
CccP
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 BIGIREMFIJE R L%,
B. to, MIETEE N 0.7 x SCL L Ve £ 50% I 1/0 (Pn) fitt .
C. FrEMABYEES U FHEERAESMEE - PRR < 10MHz , Zo =50Q , t/t; < 30ns.
D. BRI EIX L R B —A |, BRI — K
E. JFEAERTA SEFEIVHGE T A 2.
& 6-3. P 3 [ f B R BR A 3
16 R 15 Copyright © 2024 Texas Instruments Incorporated
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DUT

Veel

R =1kQ

C, =50 pF

I (see Note A)

SDA LOAD CONFIGURATION

SCL

SDA

RESET

Pn

moow>

Start

DUT

Pn 500 O

l C, =50 pF
I (see Note A) % s000

P-PORT LOAD CONFIGURATION

® 2xVeep

/ \ / ACK or Read Cycle
(<

Y A — ——

| D) <t | 1
I o |*treseT™ |
T Py |
7L——| ——————————————————— H ———— Vi /2 |
l*tREc*! l < treC »
tw |

(¢ |

) l |
IL—' Veep/2 |
« |

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

D) | |
tReseT™

& 6-4. A7 Sk HL RN H R T
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7 VE4H B

71 iR

TCALBA416R ST % HLYE it H Y [l P9 0 p e e e . XA AR RS 5 12C M BLARAL B3R5 HE | FEIXFIIELL T ,
PRSP, IR RE. S ACERAR I AR R FRRAR &, 2% PCB Juft (41 LED ) 38R 75 B2 5 U A FLIR

Ve 51 12C 28R | NIIER:S] SCL. SDA A1 RESET 51 i L4 F BHL 88 B AF 5 — i 4% Veer. INT %
HEAFFREEH , T BN B B 3EREE] Voep B Vegy , HAERBGRT R . Vecp 5112 P i IR, A
FEATAR P 3 1A TSNS B BB A8, 2 LED FEAT P 3 HAKEN , NiZE#EE] PO0-PO7 A1 P10-P17 f)— A ek A4
HIBH A5 80 LED BifE 53— i Voop. BCE A AR P i H ARSI EE 25mA 1 IR LA B #:5k3) LED |, {H
A 255 FH T4 1 L BEL A A/ 38 R o P U

TCAL6416R $ 7Nt 8 M B IEZFFAasAm , /A FPECE /O uiy Dt . RN EERGEEA A G |, 110 R
BN HiE , REGIEHlEnT DUE 5 NECE /7255 110 BB N N sid o BN 5l H 0 Eis 48 R A7
T FH S P B N i 11 55 30 HE o 11 25 A7 2% R o B N it 1 B A7 28 AR I AT El B M S e a7 g T . R G s il 95 T DATEER
T 254788, b4h , TCALG6416R iR E A5 5 [T FH488R 1/O 5 L EHE 1/0 Thhs. S 110 Rtk il 25 47 2L 35 1 4
PR IREh R . ATYmAE RN R EERE RS . AT N . AT . R IWDIRESEAEES |, ULK AT Yn FE T U A
Wl o X UUTC B A A7 Al B RS IR VR AR AL TR . SRR EMI B BETEH R EGE 110,

TR H At T e A0 3 A 2 5 NS I SO IRAS N #4AE INT 51 b A s . 385 &k sk = A dn 4, Bl
PEAXT B I S8 LB, WL ERAF R AN ERIAIRAS . ADDR i 7] ik Mo bk 5 6 7o ¥F 5 4~ TCAL6416R
BAFERERE— 12C R,

AT AR AS 55 O N 4 A\ i A7 SRS AR, TCALB416R JTks o (INT) i S Hses | 0 T &
GEHI AR R IR O M. INT 5] T PUERE B A F 2R P Wi N o B fEIX 42k i bR IE—ATFES
Z AR E AT A AL FE B AR IR 1/O i 1 B R WA ANEGE |, SR 12C M TIEE . KL, %8R AR
N H bR

16 R AR B A RS IE TR ERAER , R H 28 0] LLUE L E RESET %\ 51 10 _E W7 5 1% o8 1 1] S8 Wl 8R 4L 12C/
SMBus RAHL , 1M TC T K 25 47 28 B A N ERIAE

— NS (ADDR) AT FH T 4w A2 AN A8 [ 52 12C Huhl | 3F S04 mIAS 2L S A [F) (9 12C 2k Bl SMBuUS.

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

A, T 11O TE LR #R T E NN .

B 7-1. ZEE (1E2H )
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Output Port

Register Data

Veer

P00 to PO7

Q2 ESD
ZS Protection
Diode

P10 to P17

GND

Datafrom —
Shift Register  Configuration
Register
Data from D Q »—D‘)ﬁ 5 Q1
Shift Register ]
FF
Write
Configuration—— CK Q— HD Q
Pulse FF o
—~
Write Pulse: CK
Output Port
Register
+— D Q
FF
Read Pul CK
Vcer
:ﬁ Input Port
P Register

Pull-Up/Pull-Down
Control

Input Latch
Register

Data from D Q

1

\ Input Port
) ) [ Register Data

1 Interrupt
Mask

H— to INT

Shift Register
FF
Write Input
Latch Pulse™ K

Data from

Polarity Inversion
Register

Shift Register

Write Polarity

D Q
FF

CK

Pulse

A EEE SR | T 2 A SRS R A .
& 7-2. P00 & P17 [Hfaifb R 2 &

7.3 ReMEULEA
7.3.1 B/E¥#

7
Read Puls

-t

Latch

EN

Input Port
Latch

% 7-1 5 7 TCALG416R SZHEFIIIEH T 12C B2k (Veey) A1 P i I (Veep) MIFTA A3 HL IR AL 87 B P44
X711 BER

Ve ( 2C #2133 #) SDA #1 SCL ) Veee (P i)
(V) v)
1.2 12
1.2 1.8
1.2 25
1.2 33
1.8 1.2
1.8 18
1.8 25
1.8 33
25 1.2
2.5 1.8
2.5 25
2.5 33
33 1.2
33 18
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71 BERR (%)

Ve ( 2C #2449 SDA Fil SCL) Veep (P %A

(V) (V)

3.3 2.5

3.3 3.3
7.3.2 1/0 #0

2 1/0 BB NI, FET Q1 Al Q2 A FRPPRA (SR 7.2) , WiaIE— AN w5\ H 5[] A
TheE e TR E |, SR 3.6V,

WR 170 BeE N, WP A A Q1 38 Q2 , ELREGR T4 g 1 2 7 2 IR . ZEXAEBLT |, 1/O 5 JEAN L 5
5 GND Z [ fEfEMRBHTTR 1R . BERA{RIEHIBAT |, FEINEI L 1/O 51 B &M oL AN N R A 75 R AE o

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
. SRR AT NS B 2 A7 2%t o B E A X B o A AT RS IR . 24 Y IR S i A AT 2 6 g R
J01b i, RAEFAFIRLATIHERE , Wi B sh e 71K T 50%.

PMOS_ENO E
Vcer
PMOS_EN1 E I*'TJ
Current Control Decod [~ PMOS_EN[3:0] =
Register ecoder m=
L NMOS_EN[3:0] H
PMOS_EN2 |:
Configuration | —
Register
PMOS_EN3
P00 to P07
Output Port P10 to P17
Register
—
NMOS_EN3 |
—
]_Jz
1=
NMOS_EN2 — .

|

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 RS, AR H R A | W FA S b B AR B Ve ; U] BABRRR R 2.
7.3.5 Rf/#IA (RESET)

RESET A E A MUV 12C RAHL , AR Veop HIIRRIFAEIL T BT,

it ¥ RESET 51 MR FTEMHIF 20 ty , 1 SSIURAEHLERL

TCAL6416R # 4L A # K1 , {5 RESET Y M (45 HAE 12C IR AHLVIIG LI 55 B B 04k 45 . RESET 4\
P2 A (A4 ) PRSI

WRRMEHERER: | ZANTEE A bR EAERE] Voo

B RUATEARNT TCAL6416R AT FHL L HEAIE N N EMSFARIER , IESH™ 7.3.6.

7.3.6 ZAER LIS

AR AL A 12C MLk sl g A a4, BT R A M as R AN E R ERVOIRS . B R TR

WizAT | 12C B RENS IEH TAE | I AR a8 AR RE S M 2 .

BAFRAL) 5 CHUL T BR

12C Sk as Kik— R sh & 1F.

A5 ) f bl 2 1 B 3 3 12C gk ik “0000 0000”7, Hort RIW ik BN 0. RIEF75 4 0x00.

FEAR] S FRE T DhRE K 8 0F 0K ACK. iR R/W A6 N 1 (12EL ) , 2845 % NACK.

WA AR NS | R IEZE T 0x06 1) 1 F 5 8HE . I RBUE =T RAT A HANE | S SR

ZEE AL IR RENEIEE 1 7, WASEMNEEL Y, HFHBESZIE 12CHE | BHEM N LK.

5. KiE 1 FHEHE (0x06) Jo , #H88 K ik — M I KRR B P 5. i ZUsEE R %A, APAT
=X A8

BIE LIRS E | ST EANL. X TE S AR SHE IR E N L ERAE .

7.4 B IhREAR

7.4.1 _LHEEL

BHYE (M OV) EINE] Vocp I, W EHE A28 TCAL6416R REFEE AR | HEHIEIAES] Vpor. &
i, SO SWR, 3F H TCAL6416R 21725 fll 12C/SMBus R EHHIIAL NER RS . 25 , %40 Ve
P 2% T Vporr , JFIKE 3 A L E PASE R YR B A7 R 3 .

7.5 fRiE

7.5.1 I°C #0

] 12C M2 iR AT I B (SCL) Ze A a7 508 (SDA) ZR2H Rk . 24 d 3 s 4k i th 20t | ARk # A@ it
FPHL A8 IE R R IE HYR . R 4 AN A e 8 sh B A%

2 SCL i N A HSFIN , $3 i 2% R %8 3l 26 4F ( SDA fa N/t b b il P B I P86 4 ) e 3h 5 a8 11 12C
s (ESRET7-4) o ERIERSIFEZIE  SRIERFIETT , B REA %A (MSB) , A 7 1A
A7 (RIW).,

BB A RO S, DA (ACK) WS, 76 ACK A e Ik fik (0 5 oEL~F 30 16] |, SDA H N H A H
Fo Hbras A bk i NASSAE R 3 2 A AVE 1B 25 A 2 TR B B

1E 12C B2k b, FERRASIHpi ki A IR0 SR S — AN BB . 7E B B R i Bk ok 9 1R) , SDA 28 b i 3 06 Zi (R B
SE , BONIBEI B2 B SR o dr S (JHiGEF L ) (ESRET-5) .

PN~

Copyright © 2024 Texas Instruments Incorporated TR 15 21

Product Folder Links: TCAL6416R
English Data Sheet: SCPS290


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tcal6416r?qgpn=tcal6416r
https://www.ti.com.cn/cn/lit/pdf/ZHCSW04
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSW04A&partnum=TCAL6416R
https://www.ti.com.cn/product/cn/tcal6416r?qgpn=tcal6416r
https://www.ti.com/lit/pdf/SCPS290

13 TEXAS
TCAL6416R INSTRUMENTS
ZHCSWO04A - APRIL 2024 - REVISED JUNE 2024 www.ti.com.cn

Feihl g 2 R I A | B2 SCL AR LT , SDA SNl th il I MU 50 P44 (000 7-4 )

TETFUE R LR 2 2 ) T DI AR R R OB 4 R % B M BB IS . N\ L7 R R A ACK L. &
REBE NSRRI SDA % | HElCH A AR % ACK Bro ALt I (B8 FE A4 ACK IN BRIt 4 SDA 2585 |
SRE | 75 ACK IS 68 IIEG BBkt 30917 , SDA kR e MICET (WS 7-6 ) . 4 HARHI A FHERS |
T AE BB A G A A ACK. Sl | b 2% 04 ZT7E M A % S B A 5 1 2 AR
ACK. i35 S 5 BRI 1] 4R 1L 3412 47 -

b S B 7 B R I BRI th S — /N S AT I (NACK) | KT LR R 38 R B 4 o
SE ., PSRBT SDA SRR BRI 0. ERRRR T | R SRR | A R
P B R A R

SDA

AN a—

| |
Start Condition Stop Condition
B 7-4. R BRI RS E X
SDA / X \
SCL
Data Line |Change
B 7-5. ALtk
r777|
Data Output | | - -
by Transmitter : / ><
| .-
Data Output . NACK\A

by Receiver

SCL From
Controller 1 2 8 9

Start Clock Pulse for
Condition Acknowledgment
& 7-6. I°C & LIHIRE
T2 FORL
A
&
7 (MSB) 6 5 4 3 2 1 0 (LSB)
Bt 12C Mk L H L L L L ADDR R/W
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RT2EAEYL (8)

B
A
7 (MSB) 6 5 4 3 2 1 0 (LSB)
) P07 P06 P05 P04 P03 P02 PO1 POO
/O Hudfs 2 2%
P17 P16 P15 P14 P13 P12 P11 P10
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7.6 TIPS

7.6.1 2 1E 10
K| 7-7 J&7~ T TCALB416R [t .

HbRHE A B G — B0 ST EHATRIERAE (BB N ) o & (1) B ERERAE | MR (0) LS # k.
7.6.2 B ras il S F T

Device Address

Lo,

T T T T TAD' -
1.0, 0, 0 0B8R RW]|

Fixed

Programmable

] 7-7. TCAL6416R il

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

R M T S B Rk M TCALBATOR 45 B 25 7 5 P iy & 75 . IS 57 1
AR = AR T
TR S AEI T R RE ((BUHE 10 ) - SES MR AR @ & 517
RIER A | W L7 7 S AR I I | BRI fr & e bR, RSO SRR R
P27 55200 9 00h.
RESET fi %A Sf L H8EE (A% 535 ) T 9B

05,
X s

Wi ) A FR AT A7 a4 (BN . BRPE SRR E ) o 3 6 fr 5 BRI A — 2 T

B7 |B6 | B5| B4 | B3 | B2 | B1 | BO
& 7-8. I AEARAL
FT1-4. T
)
B7 B6 BS ﬁ:’iﬁﬁiﬁ B2 B1 BO ﬁiﬁg(;ﬁ i L st
0 0 0 0 0 0 0 0 00 HINMGIT 0 BEHCEAY XXXX XXXX
0 0 0 0 0 0 0 1 01 PN m | i) XXXX XXXX
0 0 0 0 0 0 1 0 02 i a0 BBUE AT 1111 1111
0 0 0 0 0 0 1 1 03 A 1 BB N 1111 111
0 0 0 0 0 1 0 0 04 etk 8 0 BB N T 0000 0000
0 0 0 0 0 1 0 1 05 PR S 1 P VCPNE ) 0000 0000
0 0 0 0 0 1 1 0 06 L& 0 BB NFT 1111 11
0 0 0 0 0 1 1 1 07 BeE 1 BB NS 1111 111
o | 1o o0 |0 o0 o0 40 MRS O | BEUSAE | 11111111
0 1 0 0 0 0 0 1 41 fan tH IR EESREE O BB AT 1111 1111
0 1 0 0 0 0 1 0 42 i H DR B A0 A 1 BLHU B N 1111 11
0 1 0 0 0 0 1 1 43 i 4 IX B 2 5 EE 1 PPN ) 1111 111
o| 1] o0o|o]o]| 1|00 44 BT A7 O BHUS AFA | 0000 0000
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K14 HmEFH (&)
5
B7 | B6 | B5 ﬁj’i%#iiﬁ B2 | B1 | BO ﬁﬁg;ﬁ i 1 AR
0 1 0 0 0 1 0 1 45 W NPT AT 88 1 SHUS AT | 0000 0000
0 1 0 0 0 1 1 0 46 ERITRAGRER AR O | EUS AFEY | 0000 0000
0 1 0 0 0 1 1 1 47 bR PR R A AR 1| AU E AT 0000 0000
0 1 0 0 1 0 0 0 48 LRI ROE BT AR O | HBUEANTN 1111 111
o |1 [ o]o | 1|0 01 49 FRFRERAE R | ERUEATE | 111111
0 1 0 0 1 0 1 0 4A wh T B AR AR A O BB N 111 1111
0 1 0 0 1 0 1 1 4B o T DF 7 2 A4S 1 ETCINE &) 1111 1111
0 1 0 0 1 1 0 0 4c PIRIRA AT AR O BT 0000 0000
0 1 0 0 1 1 0 1 4D FIPIRAS ZF R4S 1 B 0000 0000
0 1 0 0 1 1 1 1 4F i A B O L A BEUS AT | 0000 0000
7.6.3 Firas

TCAL6416R BA #hitrarfras , WAL RESET # B VRV (R B i Ja i . A ERSIE T b i s B B AL
N, FASEA RN LIRS
N I B A Ay (A ey O A1 1) RS M GZ ST |, OB B A A 4R 51 E SO NI 2 i #2 tn
B NG w9 R . B NR AR AN R . AN A Z BT R BRME (K)o FESRAT B IR A
I, RO ER G & AT RIE T NLH , LMRZR 12C SN k22 Uy Il i N\ i 1 25 47 7% -

R 7-5. FAEas 0 A1 (A D& 748 )

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

B o 1 A A% (A AFAY 2 A1 3) o HhBC L A A7 A E SO A 51 BT S OZ AR LT X A A R A B X
SE SO SIS o SR, MO L 27 A7 25 1 URE B 1 2 i b e 396 100 fid A 2% 7P R, T A2 SE B
151 BME -

R 7-6. A 2 M 3 (iR D EFEE )

fir 007 | 006 | 005 | 0-04 | 0-03 | 0-02 | 0-01 | 0-00
BRI 1 1 1 1 1 1 1 1

L 017 | 016 | 015 | 014 | 0413 | 012 | oM 0-10
BRI\ 1 1 1 1 1 1 1 1

Wk S b ap A7 a5 (W AFas 4 A1 5 ) SRV B0 B & A7 3 € SO RN B 51 BIEEAT I ML S /e o RO X S ap A7 2% O 5
MIBATRE (BN 1), WAHRSR D5 BB S e . I SRR B A g P S GERR (BN 0) , UAHR
ity 11 51 BB SR AR AR 2 PR B

RT-1.5FH 45 (R REFER)

(A P-07 P-06 P-05 P-04 P-03 P-02 P-01 P-00
BIME 0 0 0 0 0 0 0 0
HrL P-17 P-16 P-15 P-14 P-13 P-12 P-11 P-10
BOAE 0 0 0 0 0 0 0 0
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BB A fras (W A7as 6 A1 7 ) BCE /O SIBIKI H . dRIXEE A A7 85 T RO M BB D 1, TR 3 11 5] R s A
N EAT LU SR B AR AN o W SRR A A7 R ISR B O, AR 3 1 51 IR T et o K o 1
MNP B T SO G R 3 B 1 1 SRR R A ] v B T R

KT8 FHHE6HMT (REFFH)

i co07 | C06 | C05 | C04 | CO3 | C02 | C-01 C-00

BRI 1 1 1 1 1 1 1 1
fir c17 | c16 | c15 | c14 | c13 | c12 | c1 c-10

BRI 1 1 1 1 1 1 1 1

gt OX Bl FE B A7 A ) P i GPIO ZZphas (14 IR Sh fiF . A GPIO #n LR ik B AN 2 47 35 42 il 0 3 37 Hh

e B P 75 A0 B LA RRLT . B

, AFAE S Oxd1h (L 7 #1 6 ) 25510 PO7 , 454745 Ox41h (i 5 il 4 ) FH

W P06 , LLEHE. GPIO % i Bk 5l B F- 4w F£ 9 00b = 0.25x W53 . 01b = 0.5x WKEh#E . 10b = 0.75x
RN SRE L 11b = 1x , LSl SRS RE 7. T TE 2V R4iE R

% 7-9. FFE5% 0x40h. 0x41h. 0x42h F1 0x43h ( #H IS REFER )

HZ BN\

Br cc-03 | cc-03 | cc-02 | cc-02 | cc-01 | cc-01 | cc-00 | cc-00
BRME 1 1 1 1 1 1 1 1
Bz CC-07 | €CC-07 | CC-06 | CC-06 | CC-05 | CC-05 | CC-04 | CC-04
BRI 1 1 1 1 1 1 1 1
L cc-13 | cc413 | cc12 | cc12 | cc11 | cc-11 | cc-10 | cc-10
BRAME 1 1 1 1 1 1 1 1
fr cc-17 | cc417 | cc16 | cc-16 | cc-15 | cc15 | cc-14 | cc-14
ERAME 1 1 1 1 1 1 1 1

By NBUE 3 A7 A8 0 I AZER] P din I GPIO SR AN BUF I RE . X L2747 43 0 AE 51 JAIRC B WA N i I 2. 24
W NPAF AR Y O I, ABUEAH BN SRS . FHRZ N 51 PIR AR 277 A b . B2 U\ 27 A7 4%
SARERA . A RAE R U A S 127 A7 4% A AR B B AT BRI | R W is bR -

R ANBUF A7 AL BN 1 I, BN A SRS . S ARSI &7 28—l S N 2R B4
I E o N i 25 745 ((ArA7as O A1 1) MIAHRIAL b . B A 1 2 A7 B i bR b . (E2 , R\ 51 IAI7E
I S A A7 s 2 AR B AR RS, WA TEER T W, O FLAa A\ i 1 &5 17 48 AR BT 2 R3] R i
IE A .

BN, Wik PO4 M AAL T2 0 RE | RSN 1 RE |, HIREHEE 0RE , MG 0 w7 fF ds 23k
PR BOF AR b T (B RAR BRI ) o GG I O AR A AT BEHUERAE I, RS HAt A R AR, P
KBy, I HMAG I O FFAARMIEE 4 AL il “17 o BN AT AR AR 4 AL — IR UL AE 3 52 Y
“0” .

HARBF A 5P RN UIHCRES | S0)E R B LR ARSI, R OREFI0E o S\ A7 s IR O e 17 48
FRNIRE AR, IR Wi R 7 . i R A AU w5 A7 s WBUFIE BN IR R |, JF H N ZRE KR
FIHFIUHIRE | h ik

AR 51 BIAT S N AR ARSI TS N S 2 A7 B I 2 S e 22 i T 2 T S SR AN 51 A
FEBUF AN BRI, AN B A7 S T 2 S A A AR LT

£ 7-10. F172% 0x44h A1 0x45h ( I ABIESER)

bz L-07 L-06 L-05 L04 | L-03 L-02 L-01 L-00

R 0 0 0 0 0 0 0 0
L L-17 L-16 L-15 L14 | L3 L-12 L-11 L-10

BRAE 0 0 0 0 0 0 0 0
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AT AR RE A AR SUVE T R I EREEH] GPIO SIS _ERn/ T B P A o R A E iR 1 ] DLk $E L/
NS . RZALRCE AR 0 2 WIT B/ MR g S GPIO SIAIMERE . 2 GPIO 51K B Vi i , &
BHES WA o A B/ BRI FE A7 e okik B BB R P FEBE 25

£ 7-11. S175% 0x46h 71 0x47h ( _Lhi/ THAERE TS )

e PE-07 | PE-06 | PE-05 | PE-04 | PE-03 | PE-02 | PE-01 | PE-00
BRI 0 0 0 0 0 0 0 0

fr PE-17 | PE16 | PE-15 | PE-14 | PE-13 | PE12 | PE-11 | PE-10
BRAME 0 0 0 0 0 0 0 0

TR R B A A A SO VR I R 2 AR AR L ) B AE dR ARG BB GPIO , DLAH BRi BT R A . KA
WENEH 1 2% GPIO %IEHiﬁ%*A 10k Q [y B HIPHAS . REIEMLBCEONIEHE 0 2 81% GPIO 3] ik dE—

AN 10k Q BT HiHPHES . a5 T 247 2% Ox46h A1 Ox47h 25 Fhi/ FHiDhAE | B NiX L2 /78 2% GPIO
%IH*B#EE”I’]
% 7-12. F775% 0x48h A1 0x49h ( _Ehi/ FHikBESES)
DA PUD-07 | PUD-06 | PUD-05 | PUD-04 | PUD-03 | PUD-02 | PUD-01 | PUD-00
BRIME 1 1 1 1 1 1 1 1
YA PUD-17 | PUD-16 | PUD-15 | PUD-14 | PUD-13 | PUD-12 | PUD-11 | PUD-10
2R\ E 1 1 1 1 1 1 1 1

R o R A A BRI NIE A 1

RIL TP

FERG A SE AL A . AT LA

AR N AL TARES |, I HL A W B A A7 2 P A R AL B E Y 1

GAE R HIHI SRR EA O

U v B 5 AP B 5

TR L PR B i 7 v B O IZ A 0 SRR

MR TR, I EP AR P W BRI, Kb R R AR B E N 0 &

ELZ S P I B N 8 5 L 1 BN 1

IR A =

D b 5 A R T 5
£ 7-13. 51743 0x4Ah A1 0x4Bh ( ¥ R 72E )

TP TS .

» B i W HLASWT 5 b 51 R

i M-07 M-06 M-05 M-04 M-03 M-02 M-01 M-00
BRME 1 1 1 1 1 1 1 1

AL M-17 M-16 M-15 M-14 M-13 M-12 M-11 M-10
RNE 1 1 1 1 1 1 1 1

ZAAF 28 2 T AR IR A TR G SR AT A

NG A R W 24 W 5e i 25 A7 s R AR B BN 1 ( CFER ) B, RIRIRAS ALK R [F12 5 0.
£ 7-14. 1798 0x4Ch A 0x4Dh ( FWPIRZA 21752 )
Br s07 | s06 | S05 | s-04 | s03 | s-02 | s-01 $-00
R 0 0 0 0 0 0 0 0
e S17 | s16 | s15 | s44 | s413 | s12 | s $-10
B 0 0 0 0 0 0 0 0

Un A A 5 e

JE =i

o VEHUN , A 1 KON G| B TP IR . 128 0 Kot

i L v P B A A A A O L HERR O 1/0 9. 4R 0 20K 1/O BCENHER K ( Q1 A1 Q2 A Fm s )

Wi 1K /0 FLE NN (Q1 #45H , Q2 4 TiEshIRE )

F15 | JAVCE it 2 1/, X% 574 (Ox4Fh) BEAT 2R -

ODENO fic & % 1 0X , ODEN1 Pt & ¥ [ 1Xo

, B AT R AR E A7 A% (06 F 07 ) Ko
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R 715, F17% 0x4Fh ( Hdim OB HF S )

fr e ODEN-1 | ODEN-0
B o [ o [ o [ o | o [ o 0 0
7.6.4 HLEFEH
E 455 TCAL6416R 2 [RlIH ik 5 N FNsHL iy 222 A i
7.6.41 BN

T R I B R R B A 2L (LSB) W B N AR 0, FEdi ki s TCAL6416R (iES K 7-7 LL T 28 Fi
hh) o A FEIE N 5 RIE , FHEMAN TR T 2 JE AR . — RS NE Y R IE B 7
B A PR

TCALG416R Hf] 22 NEFFARIE NERN 11 DNEFERNIZIT. 11 W EFas 2N D FEes. flbum &5
W WME R A A BT WIS mE TR (A 16 AL A48 ) « FIABERAas. bh/ THifE
REZFA7es LRI/ NROIEFRTAZRE P RFRA AR P WOIRES TS, B — DA REEHEZ G, T— 1M
WA R IR FNZA B — AT (ES R 7-9 M 7-10 ) o B, a0 588 —AS 75 1l 32 24 s
T(FEHS) T DFARAEERILRD 0 (%78 2) .

— RGN AR AL BB T BB IR IXAE 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

7.6.4.2 $ZEX

MR H 28 AT S Kk i% TCALG416R Hullk , 74 LSB W B NiZH 0 (15S MK 7-7 LA F ) . ;b7
et 2 JERI%E |, YoE T BT AN A7 8%

EHRSNG , BIRRES RN | (HIX K B ARE A B ANEE 1. )5 TCALG416R K ik 4 7 AT E X
K2 s EdE (ESHIE 7-11 A 7-12) o BdEE ACK P kaf i BTN B &8s . SBUE — A7
WG, WTRE SRR T, BRI S Tz b S — AN AR TR IE R . Bl , an R gdm AN 1, sk
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BN — AT RS ARG 0. — XU g I R R B R, EEROR R R BEIE
AN ERSE . ARENERESE , a7 S B PRI N AR IE. Fln, WUREER
JR BN Z BT R B T NS 1, AR ER R 3h 2 A SRR A e A S 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
/ v v v
AD T T T T T T T AD 1 T T 1 T T T
B DD DDD0E DO NN T T e DD DO DDE: [ D e See oD
h A
t + [&—— First Byte ———|

RIW RIW

At this moment, controller transmitter

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 | ¢

coefuss |, paa .LSBNAITPI
A

4— LastByte ——» Stop

Condition
B 7-11. N8
scL N AN W AN O LY W WA AVAYAVAVAWAVAWAVAVAVAVAWAVAVAWAY AW AR
Target Address ‘ Data From Port } Data From Port }
AD t T T T T T T + T T T T T T

SO |S|O|1|0|0|0|0|DR|1”A| L1 |DaEa1| ”Al |Dat|a4| T |NA|PI

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

Condition ‘ Target ‘ Controller Controller Condition

Read From

Port r\_

Data 4 X Data 5

Data Into
Port
|
| |
INT ~ | | |
\ \
tiv‘” !‘* tir —>
A, FTRLE I A BRI O | TR BORT LB I B B A R (R ) o AR Z AT A T DR E
79 00 ( BLHUR A3 L3 A7EE ) o
B. XIKEAHEMA T BB, LAYILE H bRtk AR B P b O RS bR Bt 2 R ) B bR (ESRE T711) .

A 7-12. SR\ O A

‘ Data ZX Data 3 ‘

\
\
!
toh 1‘ — s

e

INT is cleared
by Read from Port

|
|
|
|
|
|

Stop not needed
| to clear INT

]

Copyright © 2024 Texas Instruments Incorporated TR 15 29

Product Folder Links: TCAL6416R
English Data Sheet: SCPS290


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tcal6416r?qgpn=tcal6416r
https://www.ti.com.cn/cn/lit/pdf/ZHCSW04
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSW04A&partnum=TCAL6416R
https://www.ti.com.cn/product/cn/tcal6416r?qgpn=tcal6416r
https://www.ti.com/lit/pdf/SCPS290

13 TEXAS

TCAL6416R INSTRUMENTS
ZHCSWO04A - APRIL 2024 - REVISED JUNE 2024 www.ti.com.cn
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

FERIFI R, TCALB416R #H(F1Ey H AR EEHE] 12C il 4% (ALFLAE ) ; 12C SR B S A 4R () Hofth H 4 2%
. TCALB416R Ao T-i B il S n fe A B , FEUTfi] 4% f L M ez 1 19 GPIO.

TCALG416R (11—~ SR N FIAE 4% 1] a2 B0 FL I (Veer) BUR , £E P 3 DAY S (Veep) 8. ATELKE P i G
EOVERR SR, GIE R AL, IR, JFRMHRAT LED. JERTELR P im DECE N | DLZ
Wk B Pl R IR B HL A BdE .

8.2 HAIN
K 8-1 &/ T LUf#H TCALG416R M A

0.1 uF
S R (A

Veal
10kQS 10 kﬂé 10 kﬂé 10 kﬂé

ALARM(1)
SUBSYSTEM 1

Vel Vel Veer ! : : : | b F Al
Target POO [ ! : :
Controller R REE Enable I' | controtied
SCL |—* scL PO1 R : : : \ Switch
SDA SDA  TCALG416R | | 111!l
INT INT R B
RESET RESET ot
P02 e it
P03 e
GND Pl
P04 ——t—t
P05 .
P06 —
P07 —
P10 4 Keypad
P11
P12
P13
ADDR P14
P15
P16
GND P17
|
s
A XFARE], Z8FHhhEECE S 0100000,
B. P00 A1 P02 - P10 Bt & N4 .
C. PO1AIP11-P17 WE A .
D. WREFBIMMIA (£ P o b ) TE RS WM RS BEA SRS , WATFEARE. il (£ P WmHT ) AFHRE LR
[H %5 o
& 8-1. HL AN R
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8.2.1 & EXR
R 8-1. B SH
BHEH B
12C NI (Veer) 1.8V
P i /A HLUE (Veep) 3.6V
i AR, P IR (loy) 25mA
W R AU , P 3 DRI (Iop) 10mA
12C s Zkmtsd (SCL) #fE 1MHz

8.2.2 HHBIHILFE
A SCL A1 SDA LHHE X i LR iLE Rp , 418 12C M4 LA FARIOM . B B bR V.
VoL (max) A loL HIBREL :

Veer — Vol
Rp(min) = ToL (maz) (1)

B BB H PSR B K BT TE] & (55T fgoL = 1MHz f PGSR G SIS 47, 1% 88 120ns ) FEZEHEZE Cy 1
PR

- br
Rp(max) = t8273 % T} @)

X T AR dEARE S E P A 2 AT, 12C BRI R K LR R RS 8L 400pF |, X TP Qb s il , AN
550pF. AiEid ¥ TCALB416R fIHLZ ( SCL N Ci, SDA N Cip ) « HAERAEEMTL I RE | DL ML b HAR H bR
FIRAEMIN , AR L .

8.2.2.1 34 1/O #4 LED B B RFREW/D lce

i 8-2 frz~ , X4 110 AT ¥4 LED K, I/O @%@ — A2 ZERES] Vocp. M TECE NMAR P i, HEIR
HFEREE V) KT Veep M. LED & — W% , BABRMEHEE Vo, 24 P ik O E AR LED 2K , H P
Uiy VAR F K %% T Veepee - Ve

TR AE AN, 2 P o G E i DL M TEAERS |, $28] LED B P 1R LR UK T RS T
AR 1O V) IRAFAESE TEGS T Voep , 24 P i RS E A JIE H LED JEKI |, w] AR LEARA ) R Y5 L i v 6

Veep

100kQ

Veep

LEDx

K 8-2. 5 LED FBk ¥ & FHE AL FH 2%
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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
~ e
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

R R AE TR R | T AT REls TCALG416R SALNERYCIRE . ER G M ERBHLL T H
ERUEARETEERN . BB EANA R ER RN, B kEEN.

8-5 FI&] 8-6 for | MIAPRALH L HIE LT,

Veer

| | | | |
| | | | |
Ramp-Up | | Ramp-Down | | Re-Ramp-Up |
| | | | |
| | | | |
| | «—Vec TRR_GND— P |
| | | | |
[ [ ! [ [ )
T T T T > Time
| | | |

I
| Time to Re-Ramp |
4——Vee RT—> Ve T — «——Vec RT—»

& 8-5. ¥ Veep BE 0.2V B OV LLF , REHTF

Veer

|
T ; }Time
| | Time to Re-Ramp |
o Vec FT —M «—— Voo RT —P
8-6. % Vccp ZEMKT POR BfE , RE EHATT
* 8-2 B T AL T REAEHEAT PRSI Y b B R A B B PR RE
# 8-2. BN HIRRH P AR AR
()@ BR/ME ﬁ% BKRE| B
ter NS HZMIK 8-5 0.1 2000 ms
trT RSP pt EZ K 8-5 0.1 2000| ms
tTRR_GND HHFF AR BT R (24 Voo M2 GND B ) iE5 K 8-5 1 s
tTRR_PORS50 FHHTHRRIEI ] (24 Voo BEZE Veor min — 50mV I ) HEZ K 8-6 1 us
H Veep ow =1us i, Veep MAERZEITIMAA I | pspe e R
Vee_eH 17 ) L W E 8-7 10| V
tGW ] VCCP_GH =0.5x VCCx i , K%%;ﬂﬂﬁ%ﬁﬂ*ﬁﬂﬁ??}cﬁ}% 12 K 8-7 10 us
VpoRF A% Ve I POR R HE R R A 55 0.6 \Y
VPoRR THE Vee I POR ) H 5 MRS 5 1.0 V

(1) Ta=25°C (KRAESAEUM ) -
(2)  RadWK. WEBIHHIE.
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Veor X EHEMEREE, KT Vpor X —HEHTH , RELBIMELLAM , IR FTE G AR 12C/SMBus
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|
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|
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844
8.4.1 T /FHEH

R AR AT S | EUGL R DL R ILELR LBk AR (PCB) i Ja fi R AT #E . X F PC 55 dEm s , £F
5 RE 5 R AR AR S K At e AL (AN RGBT Z2 20 % ) A

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 fESEIL TCAL6416R. 8-9 JE/R T IX Ui FE S .

8.4.2 Gt
\VCCP
GND PLANE (LAYER 3
GND VIA . TOP LAYER . LAYER 2 ‘\/IAlE
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9 BRAFF SRS

9.1 B TS FEHE AN

BRI A , ERHE ti.com bR RSR SO e s A ATV | B ET A R R A R
T, GRERREAER | I E S O SO A s B il .

9.2 LK
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WA MZBIRE 3 W&, SRR P T E B

BEPEI N B A TTBRE “HRIERE T SRAL. XA IR TI BARPE | AR —E it T WA ; 1§20
TI i FH 252K

9.3 Hitr

TI E2E™ is a trademark of Texas Instruments.
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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

m ESD MR/ NE FEBUNOITERERE , KBS FEE IR REE A 5 R BIBUE |, R BV IEH A2
HOE R AT e 2 BT 5 H R AT R AT

9.5 Rifk

TI RiE# FARERN IR T ARYE BRI AIE o
10 23T 7 53k

VE - LARIARAS 0 SR T B 5 24 B A 1 SRS AN )
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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 ® (415)
(6)
TCAL6416RDTOR ACTIVE X2QFN DTO 24 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T64R

@ 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.

© Lead 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o 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 O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
TCAL6416RDTOR X2QFN DTO 24 3000 180.0 9.5 2.2 2.2 0.5 4.0 8.0 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)
TCAL6416RDTOR X2QFN DTO 24 3000 189.0 185.0 36.0
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DTOO0024A

PACKAGE OUTLINE
X2QFN

- 0.4 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN A1J"""'

INDEX AREA

2.05
1.95

le— (0.115) TYP

r (0.115) TYP

R [

PIN AlJ

3 4 5 TYP
0.4|TYP
18]

(0.1) —=

(0.25)

4229652/C 10/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is for Embedded Application only.
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EXAMPLE BOARD LAYOUT
DTOO0024A X2QFN - 0.4 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(1.6) TYP

5d G o
D 00
g

(R0.05) TYP

:
(1.6) TYP ﬁ -
o)

24X (J0.17)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:40X

0.0375 MAX 0.0375 MIN METAL UNDER
METAL EDGE\& = \/SOLDER MASK
EXPOSED

SOLDER MASK—— " - /\SOLDER MASK
OPENING METAL EXPOSED OPENING
METAL
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4229652/C 10/2023

NOTES: (continued)

4. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
DTOO0024A X2QFN - 0.4 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(1.6) TYP

(0.9 TY

P
2 3 4
~ 0 O
(0.4) TYP |

o o0 oo
e (O OO O
00 OO0

0
—0 0 00 Qg

¢

24X [0.17)

SOLDER PASTE EXAMPLE
BASED ON 0.0625 mm THICK STENCIL
SCALE:40X

4229652/C 10/2023

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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XLEFRRMELE  BFZTEH, TI BRENTRXLERRATHARETFEARN TI ~ROMA, FPENXERRHTHBEFHRER.
BEREAEMEM TI DIRFRNBEFAE=F DR, ENEFBRZREXERFNEATY TI REARERNDEARE, B/E, K
K, HENKES , T HEBEFAR.
THRENTRZ T HEERRR ticom LEMBARAZRT FREMHEMEAZTOHIR. T REXERRATLT RIUARMESNER
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