%%%Irﬁkl

13 TEXAS TCAL6416

INSTRUMENTS ZHCSNY9E - JUNE 2022 - REVISED SEPTEMBER 2025
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 A S N TSRS 20
2 B s 1 T4 BRAETBERETR e 22
B BB ettt eeenenes 1 D T et nenene 22
BN T 1 - TR 3 7.6 ZFAETEMIIT oo, 24
B B ettt ettt nenn 5 8 REFRIEE . ..ot 31
I B B a1 [ AR 5 IR I A S L = ST 31
B2 ESD ZEZ oottt ettt 5 R Ly F R 31
LRI = 1Y S Ty < SO 6 8.3 HLUEFHTETEB oo 34
B PP BEAE I e 6 B AT ettt 36
BB B TE o 7 O R S R I e 37
5.6 B TSR oo 8 9.1 B SCRY BEIIE e 37
5.7 12C BZRITFEEEIR .ooveoeeeeeeeeeeeeeee e, 9 9.2 TR e 37
5.8 TFIEME oo 10 0.8 T et 37
5.9 HAIEME s 11 9.4 BB e 37
6 BB BIE B oo 15 9.5 TRTEZ oo 37
T BEZHBEE oo 19 A0 B T T R oottt 38
T HEIR oottt 19 M AR BEMTITIEEE e 38
T2 TBETTHER oo 19
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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

P10

FT ET FT FT ET T BT BT ET F ETE

Not to scale

K 4-2. DGS #%% , 24 5[} VSSOP ( TiL K )

-
[ 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 )
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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 ESRE N I LA E A A (BRIESE ) M
B/ME  BKME| AL
zcm\ R P -0.5 4 \Y
CCP
\ N R @) 0.5 4 Y
Vo it LR (@) -0.5 4 \Y
Ik N IR V<0 -20 mA
lok A LR Vo<0 -20 mA
PO Vo <08 Vg >V, +20
liok PN I Ot o~ o” P mA
SDA VO <0 EJC VO > VCCI +20
P i H Vo=0%V 50
loL SR A T ) ° cep mA
SDA VO =0 VCCl 25
lon Fra i e T L ) P 3 1 Vo =0 % Veep 50| mA
lec Wit GND HIRFEEH IR -200 mA
BT Veep MIFFSHT 160
lec mA
EIE Voo MIRREE I 10
Ty ghE 130 °C
Tstg W AE LR -65 150 °C

() #H “NARABIENE " E1T 0 GELNS a3 TGS KA TG o XS RABE [T s (X L T 1 B RS (T LA I TR
ML IF FREGEIE ST, AR “E RGBT (A “HXTRAGIEN” TEEA N, T FEN 272 IE ST, XA BEEN#
PFITPTIEPE S TORERIERE T4 Fitas (A i e

(2)  IRE SRR A RRAUE (| A AT RE A SN SO H R A U A

(3)  WNHLKZ S B E A, WA RVERE 10 5L ERERES] GND |, BN 274 KT 150mA IR, AT T RESRIR 384k . anS i ;A
B4 10 51 HERT] GND |, ATV KT 10k Q #FHz A BHIEFE R 10 511,

5.2 ESD &%

NARTEHAE RS (HBM) | #74 ANSI/ESDA/JEDEC

v i JS-001 Axift , i 51 #4000 v
LT
€sor R F6HL 2RI (CDM) , %54 ANSIESDA/JEDEC

1000
ML JS-002 , fT A 51 @)
(1) JEDEC 3#4 JEP155 f& i : 500V HBM et fEbniE ESD = HIiAE N2 a4r=.
(2) JEDEC 3¢k JEP157 #iili : 250V CDM I e fEARHE ESD #EHIHR T &4 4.
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5.3 BT &M
16 HARIE RS T 1 AR RS WIS (BRIEA A UL )
BAME  BAME| A
xCC" L B8 FHL P 1.08 3.6 v
CCP
N SCL. SDA. RESET | 0.7 *V¢g 3.6
ViH e HEP AN LR \
P00-P17. ADDR 0.7 * Vecp 36
SCL. SDA. RESET 0.5 0.3* Vg v
ViL A HA P4 N HAL T
P00-P17. ADDR -0.5 0.3*Vcep v
lon e FEL P4 LA P00-P17 -10 mA
loL I LT3 HE IR (VoL < 0.3V) P00-P17 25 mA
Ta PBIE E -40 125 °C
Ty ghE 125 °C
5.4 #MEREER
ESpS
#detr () DGS (VSSOP) PW (TSSOP) RTW (WQFN) PARE
Ell: B Bl B B
RoJa 25 2 PRI A TH 86.3 101.4 471 °C/W
Roycop) |G554M% (T ) #4biL 346 452 412 °*C/W
RouB 4528 AP 475 56.6 26.6 °C/W
W 2E BTRHFHES B 1.5 6.9 2.2 °C/W
v 75 78 MR AT S 5 47.2 56.2 26.5 °C/W
Roucoty |45ZEA5E (JERHS ) FAKH A& ANEH 15.8 °C/W

(1) BAXRBIEPIRRHEZEL , WS HEPUEAIC R RIRFR N T
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5.5 A4

£ HARE KGR T I TARREEVE I NS ( BRAESA W)

5 3 . B AE B
Vik BN AR U I, =-18mA 1.08V % 3.6V -1.2 v
VF’ORR g R , VCC 7t V)= VCC a, GND s |o =0 0.85 1.0 \%
Vpore | LHUERIHIE , Voo T V)=V BLGND , Ig =0 0.6 0.75 v
1.08V 0.8
1.65V 1.4
loy= -8mA ; CC-XX=11b
2.3V 2.1
R 3V 2.8
Von P i 1 e P U \Y
loy= -2.5mA H CC-XX =00b ; 1.08V 0.75
loy= -5mA H CC-XX=01b; 1.65V 14
IOH = -7.5mA H CC-XX =10b ) 23V 21
loy= - 10mA H CC-XX=11b ; : :
3V 2.8
1.08V 0.2
= : XX = 1.65V 0.15
P 3 loL =8mA ; CC-XX=11b v
2.3V 0.1
% fEG H T4 s LS ke o
oL -0 [t
loL =2.5mA H CC-XX =00b ; 1.08V 0.25
loL = 5mA H CC-XX=01b; 1.65V 0.15
P 3 loL = 7.5mA H. CC-XX =10b ; \Y
loL = 10mA H CC-XX = 11b ; 2.3V 0.1
3.0v 0.1
[ 1 LT H LR SDA VoL =04V 1.08V 7% 3.6V 20 A
S 1 ray . . m.
o ‘ Sl INT VoL = 0.4V 4
. . " V| =V¢c 8 GND 1.08V % 3.6V +1
I LOPNTELER P i I
V), =3.6V ov +1
HA
; N SCL. SDA. .
Iy AN R RESET V| =V¢c 8 GND 1.08V % 3.6V +1
Iy IR HLIA ADDR V| =V¢c 8 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 )

; BN A BK
b ] v
SDA , RESET = V¢g 3.6V T
P, ADDR =V¢ep 8 GND,  |2.7V 5 1 A
I/0 = %X , fscL = 400kHz 1.95v 4 sl ¥
-40°C < Tp < 85°C
Tkt 132V 5 6
(400kHz) .
SDA , RESET = Vgg | 3.6V T4
P i , ADDR=Vcep B GND , 2.7V 5 18 A
110 =i\ , fscL = 400kHz , 1.95V 4 14 H
o g o
85°C <Ta=125°C 1.32V 2 1
SDA , RESET = V¢g 3.6V 34
P, ADDR =V¢ep 8 GND, 2.7V 24 A
VO =4iX |, fsc = IMHz, 1,95V 18 "
— o g o
lec e 40°C < Tp < 85°C 130V -
KA R
(lcci + | B (1MH2) 36V 2
lccp) SDA , RESET = Vg ;
P i , ADDR=Vcep B GND ,  |2.7V 30 A
/10 =i\ , fscL = IMHz , 1.95V 22 H
o g o
85°C < Tp < 125°C T30y 5
SCL , SDA , RESET = V¢g, | 3.6V 15
P , ADDR =V¢ep 8 GND, 2.7V 1.2 A
WO =#iIN,lo=0,fscL=0kHz , [1.95v 06 H
N < 85°
- 40°C < Tp < 85°C 130V 08
FroLEss e 3.6V 14
SCL, SDA , RESET = V¢ ,
P i, ADDR = Veep 8 GND,  |2.7V 10 A
/O =%#IN,lo=0,fscL=0kHz , [1.95v sl ¥
o g o
85°C < Tp < 125°C T30y 5
Roui b
puliny ng #EEI; P i1 70 100 140 ko
Rod(nty | P98 $z HLEH
Ci NG SCL V| =Vcc 2 GND 1.08V % 3.6V 25 5| pF
N SDA Vio = Ve 8 GND 1.08V & 3.6V 6 8
Cio PN TR A R — - pF
P il Vio = Voc 8% GND 1.08V & 3.6V 8.5
5.6 Ff P E R
T EARE RS AE T R TAR B TE R NS (BRAER A )
BAME BOME| AL
RESET
tw S I 1 80 ns
trec SRS [ 0 ns
tRESET AL A 400 ns
PO
tpy SR P O _E SNk R 5 30 ns
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5.7 I1°C JRBTFER
TE FARIE KSR T I TAR R SE N AR ( BRAES B U )
®/AME BAE|  Hfr
12C A2k - FRHER
fsal 12C b Afi % 100| kHz
tsch 12C i e sy HRL PP B 4 us
tscl 12C B ARG 1B 1] 47 us
tsp 12C 2R Ht ] 50 ns
tsds 12C B3 47 H5cH 15 B I ] 250 ns
tsan 12C AT Hd fRRp T 1) 0 ns
tier 12C %\ _EFFi 1] 1000 ns
tiot 12C % N B i) 300 ns
tocr 12C % thy T P ] 10pF £ 400pF £ 300 ns
tour 1Z IR B Z B[ 12C 42825 R ] 47 us
tsts 12C JA Zhs 4 R B A e v 4.7 s
tsth 12C J& Bhmk = 52 18 sh 41 (R 4 us
tsps 12C 1A i E 4 s
Goata) | T HCHARIY SCL IR SDA i 345 s
M SCL fiG 1~ F] SDA
tvd(ack) ACK 2% FH8 RCHE B 1) (HrH ) IR 3.45 us
ACK 5%
Cop 12C ja gk sk 1 3k 400 pF
12C B4k - Pt
fsal 12C AT 0 400| kHz
tsch 12C i e sy FL P B ) 0.6 us
tsel 12C i I HL P B R 1.3 us
tsp 12C 2R} () 50 ns
tsas 12C H3 4T H5cHE 15 I ] 100 ns
tsdn 12C B 47 Bt AR I ) 0 ns
tior 12C # N _EFHB ) 20 300 ns
tics 12C H N T i ] 20 x (Vec/5.5V) 300 ns
toct 12C it B ] 10pF Z 400pF #% 20 x (V¢e/5.5V) 300 ns
tour I RUBBIZ A1) 12C 52825 R i) 1.3 us
tsts I2C B3k &5 B Eh A R E 0.6 us
tsth 12C J& 3Bk 5 8 3h A AR R 0.6 us
tsps 12C {5 1L &1 B 0.6 us
bocatm) | AECHRL T SO I SDAS 09| s
M SCL fiH15F 5| SDA
tvd(ack) ACK S 17 AR I 1) () ARHSE 0.9 us
ACK 55
Co 12C st sk 400 pF
12C B4k - P+ R
fsel 12C bz 0 1000 kHz
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5.7 12C BT FER (4:)

FE H AR XA B AR VS R S (BRIES AU )

B/ME BAME| AL
tsch 12C e H Y B i) 0.26 us
tsal 12C i e T hef ) 0.5 s
tsp 12C 2Rt 50 ns
tsas 12C AT Hid 5 B 1) 50 ns
tsan 12C AT HHR PR R 1) 0 ns
ticr 12C $ N\ - FHi 1A 120 ns
tics 12C % 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
touf {2 LS B 2 [ 12C 2525 R e 1] 0.5 us
tsts 12C RihakE E B4 E 0.26 us
tstn 12C & Bk 5 5 B4 R 0.26 us
tsps 12C 5 14 e E 0.26 us
tvd(data) R 1] 3_%:;5 5 SDA i 0.45 us

M SCL 1L #1°F-F| SDA
tvd(ack) ACK 2 F i 2K i) 1] (vt ) fHT Y 0.45 us
ACK (55
Co 12C LR A A 550|  pF
5.8 JF Rt
TE AR KSR T I TAR R SE AR ( BRAES AU )

25 M (BN ) = (F) BAME  AEE  RKE| B
tiy Fh WA A [A] P i INT 1 us
tir F B o7 SE SR [R] SCL INT 1 ps
tov i H B A A (] SCL P i 11 400 ns
tos o N B I ) P 3 1 SCL 0 ns
toh i N B R R ] P % SCL 300 ns
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5.9 AR
Ta=25°C (BRAESAA B )

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
2 — Vgep=1.2V 2 — Vgep=1.2V
z ccp / z ccp |1
] L g 30 —
5 12 —— 5 ]
(&) — o e —
> / > 25
g 9 g | —
3 —T 1 1 T 3 2 E——
g © —— 8 15
© _// © —
3
10 —
0 5
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Temperature (°C) Temperature (°C)
B 5-1. YRR SEERKIREA - FM #5R E 5-2. YRR SEERIKIRR - FM+ B
8 20
—— Vgep = 3.6V — 125°C
7| — Vecp=3.3V 18| — 85°C
—— Veep =25V — 25°C
< 6|— Veepr=1.8V < 16 | — _40°C
2 |— Veer=12V 2 14
@ 5] Veep = 1.08V § /
34 V 3" 1
> >
o s 10
S 3 >/ S
7] (2] 8
o / /) o
o 2 o
- // < - 6
1 //’/ 4 /
bm————r =
0 2
40 -25 -10 5 20 35 50 65 80 95 110 125 1 1.4 1.8 22 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 T
— 85°C 40| — 85°C
38| __ 25:C — 25°C ?/
< — —40°C — 35— -40°C
=30 Pz g 30 /
= 5 =
S / £ ///
= 1 o
g 20 x 20
%] v 15
L 15 = 3 Y/
© / 10
10 —~
// 5
5 0
1 1.4 1.8 2.2 2.6 3 34 36 0 0.1 0.2 0.3 0.4 0.5 0.6
Vcep - Supply Voltage (V) VoL - Output Low Voltage (V)
& 5-5. HIF LS IR RIS R - FM+ R & 5-6. 1/0 EEHIR S EHEERRE |, Vecp = 1.08V
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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
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T 140 —
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=
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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
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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
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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 ]
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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
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M0 — 250c > 190 25ec
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< o ] < 125
E E —
= 80 c
L 70 @ 100
3> 3
O 60 O
75
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& 4 % & s0
30 L
20 bz 25
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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
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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
Copyright © 2025 Texas Instruments Incorporated TR 15 13

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=ZHCSNY9E&partnum=TCAL6416
https://www.ti.com.cn/product/cn/tcal6416?qgpn=tcal6416
https://www.ti.com/lit/pdf/SCPS276

13 TEXAS
TCAL6416 INSTRUMENTS

ZHCSNY9E - JUNE 2022 - REVISED SEPTEMBER 2025 www.ti.com.cn

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
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0
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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
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Pn 500 Q
C, =50 pF
L
I (see Note A) 5000
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 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
ZHCSNY9E - JUNE 2022 - REVISED SEPTEMBER 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
D Q

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, LSRR | BT A AT SRR BRI .
& 7-2. P00 & P17 [Hfaifb R 2 &

7.3 Rt UL

7.3.1 H[EEH

% 7-1 5 T TCAL6416 SCHFAIIE T 12C B2k (Vo) M P 31 (Vecp) HIFTAE 1] 26 H R AL RS2
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
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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

BRI EIR BB IE | S UEPATEN . XK A AR E N E BRI
7.4 ZRMHFThREAE R
7.4.1 _LEELN

FEYE (M OV HihnF] Veoep B, WS L E A 206 TCAL6416 {3 EALRE |, HAIHBEZE D] Vpor. I,
B S B , 3 H TCALG416 2F 1725 12C/SMBuUs IR SHLWIIEIL NEBRINIRES . 25, DAUK 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 RO G, S8 AN (ACK) WS, £ ACK HH 2 i 8 fik v 1 5 v 7 37 1) , SDA N\ /4 H AR H
Fo Hbras Ak NASSAE S 3 2R AV 1 2 AR 2 TR B A

7E 12C Bk b, RSB kb A A AL S — AN BIE AT« 78 4 B B A = kb 3R], SDA 28 E s O iR R e
SE, BUNBER $dE 28 E R S g R sl a4 (FFmBUsE it ) (1ESRE 7-5) .

PRI 2 R LA B2 SCL AT | SDA Fi A/ th b P EIR T4 (2001 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
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7.6 TIPS
7.6.1 2 1F a0t

K] 7-7 &= T TCAL6416 ittt

Device Address

T T T T TAD'_ —
|0I1I0I0I0I0IDRIRIW|

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)

HARHAE R B 5 —ArsE ST EHATHRAE (BEIEEN ) o (1) PR | MK (0) S HRAE.
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7.6.2 B EF A SFH
JRIN RN 55, SRS 35 2 K ik — M EAETE TCALBA16 i il a7 £7 25 Hh i i 27719 o IR0 1 1A

iRz e 1

2 E
a7

WA AE S (BN B MM EE ) o 55 6 AL fr A I DY — A A AR 1
BEFROT R IIRE (BGE 10) o UES AMERIIN K% & 471

FOE L Ja , WU A A SR AR SR AT [, ERRE R A . AR B SRR AL SR AL
P A7 4 B0A Y 00h.

B7 |B6 [ B5 | B4| B3| B2 | B1| BO
& 7-8. $EH| F AR ARAL
R 7-4. AT
;

B7 | B6 | B5 ﬁjﬁﬁiﬁ B2 | B1 | BO ﬁﬁgf wEd i EragivE
0 0 0 0 0 0 0 0 00 NI 0 BEE T XXXX XXXX
0 0 0 0 0 0 0 1 01 NI 1 BT XXXX XXXX
0 0 0 0 0 0 1 0 02 0 BB NF 111 1111
0 0 0 0 0 0 1 1 03 fi L 1 BB N 111 1111
0 0 0 0 0 1 0 0 04 et %% 0 EE/ENFY | 0000 0000
0 0 0 0 0 1 0 1 05 M J % 1 SE/ENZY | 0000 0000
0 0 0 0 0 1 1 0 06 BiiHE 0 EdEPNE 1111 11
0 0 0 0 0 1 1 1 07 1 BB N 111 11
0 1 0 0 0 0 0 0 40 RS AR E O BB N 111 1111
L L L T R R L 41 WA O | BEUSAT | 11111111
0 1 0 0 0 0 1 0 42 6 Y IR 2% R 1 BB N T 111 1111
0 1 0 0 0 0 1 1 43 it 9K B 2 SR E 1 E UG NG ] 111 11
0 1 0 0 0 1 0 0 44 NP A72E 0 S E PN ] 0000 0000
0 1 0 0 0 1 0 1 45 BN A7 2 1 FE/ENFH | 0000 0000
0 1 0 0 0 1 1 0 46 R TRALRER AR O | BEUBNFAY 0000 0000
0 1 0 0 0 1 1 1 47 R R R A AR 1 EdEPNS 5] 0000 0000
0 1 0 0 1 0 0 0 48 BRI R0 | IS AT 111 1111
0 1 0 0 1 0 0 1 49 R RS | IS AT 111 1111
0 1 0 0 1 0 1 0 4A Hh T BF i 25 1795 0 BB NET 111 1111
0 1 0 0 1 0 1 1 4B e B A AR A 1 BB N 111 1111
0 1 0 0 1 1 0 0 4C FIWPIRZS 1788 0 BEEU T 0000 0000
0 1 0 0 1 1 0 1 4D DR 5 A8 1 BT 0000 0000
o |t Jo ot 1|11 4F Wil R E AR | SIS AT | 0000 0000

7.6.3 Firas i

BN\ I wp A Ay (A AEay O A1 1) MRS S N Z T, oIRGB A A7 AR 5] B E SO N3 2 fan i 8 2 n
teo MR A AE R A R . B ANIX A AE A A AN o ANEENH B IZ A B g BRME (X) . FESRAT BE R AT
ZHT, RGRERA LTI RIS BN, DIER 12C 3% TR U7 I 137 785 -
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R 7-5. A 0 Al 1 (R #4748 ) (1)

Bz 1-07 1-06 105 1-04 1-03 102 101 1-00
BRAE X X X X X X X X
fir 117 116 115 1-14 1113 112 111 I-10
BRI\ X X X X X X X X

B th o VAR A A ( AEATAR 2 A0 3) S ph G B A AT 4 5 SO H AR 5] BN B R R T K e A7 2 AR A B X
SE OB GBI M o SR, MO L 27 A7 35 1 HURE B 1 2 A b e 39 100 Mk A 2 7P R, T A2 SE B
K151 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

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

Wtk S b wp A7 as (WP A7as 4 A1 5 ) SOV G B3 A7 48 € ORI B 51 BIEEAT AL S /e o i RO X S8 ap A7 % P O G
MIHEATERE (B 1), WAHRG 5] 2 e . I RIZ ey 47 5 P AN RLBGERR (S 0) |, AR
ity 11 51 R B AR AR 2 PR B

RT-1.5FB 45 (REREFER)

/A P-07 P-06 P-05 P-04 P-03 P-02 P-01 P-00
LN 0 0 0 0 0 0 0 0

i P-17 P-16 P-15 P-14 P-13 P-12 P-11 P-10
LININ 0 0 0 0 0 0 0 0

FLE W74 (W74 6 /7)) BE VO SIMKT .t Ar A as P e M e By 1, WA R 51 B s
A F AU R BN AR AN o W RIR LS A ARG T RSSO, DA B 1 51 R R g . R
M N\ TC BB SO P B T S i ORI AR A Ao R T

RT-8FHBOMT (HEFFR)

i C-07 C-06 C-05 C-04 C-03 C-02 C-01 C-00
BRNME 1 1 1 1 1 1 1 1

AL C-17 C-16 C-15 C-14 C-13 C-12 c-1 Cc-10
RE 1 1 1 1 1 1 1 1

4 HH DR B 5 FE A A AR P i 11 GPIO 24 i th KB FESF o A GPIO #fmT DUIB I AN 2 A7 2 48 ) A7 30 37 1l
Bic B NPT A R T . Bl FAERE Ox41h (A2 7 A1 6 ) #5510 PO7 |, 27 47%% Ox41h ( iz 5 fil 4 ) 54
W P06 , LA, GPIO f% 3K 3 Hi~F 2w F2 )y 00b = 0.25x IXEN58% . 01b = 0.5x YA #E/E . 10b = 0.75x
IXENGREEEL 11b = 1x , LASRBLA RS ERe /. Wl THREZFAELR |, S0\

£ 7-9. F7E4% 0x40h. 0x41h. 0x42h F1 0x43h ( ¥l IRFN TR EE FER )

iz CC-03 | CC-03 | CC-02 | CC-02 | CC-01 | CC-01 | CC-00 | CC-00
BRI 1 1 1 1 1 1 1 1
fir 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
Bz cc-13 | cc13 | cc-12 | cC-12 | CC-11 | CC-11 | CC-10 | CC-10
BRI 1 1 1 1 1 1 1 1
fir cc417 | cc417 | cc416 | cc-16 | cc-15 | cC-15 | CC-14 | CC-14
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# 7-9. 7% 0x40h. 0x41h. 0x42h 1 0x43h (LR BESER ) (%)
A CC-03 CC-03 CC-02 CC-02 CC-01 CC-01 CC-00 CC-00
BRIME 1 1 1 1 1 1 1 1

N B A A A E A ANZE ] P i 0 GPIO SIS N BIAF Dh E - X L8 %7 A7 (U AE 51 BITEC B M N\ i I A 2L 24
B R AF o o O I, ASBUE AN 51 PRES o AR SR BPIRES AR 277 A . SRV 3 47 48
SABERTWT. W RAE U A 3 ] %5 A7 4 BTN IR (] BT IR T B s B

R NP A AL By 1 I, 2B A SRS . SRS 2L 27—, S N2 R (e
INEE N5 1 25748 ( AA7as O A0 1) ROAHRLAZ b BB N i 35 A7 e 20 B b b7 . (E2 , SR\ 51 IE
U S 7 A7 s 2 AR B AR RS, WA TEER T T, O H A\ i 1 25 77 88 AR RLAL 2 OR35S A b Iy
2R AE -

Biln , wik PO4 f AALT 248 0 R3S , RIRHAOVIZH 1R, FHREIZH 0 RZS , WA SR 1 0 W A7 85 243k
VRSSO A b W (ASROR BRI ) o R O W A7 ST LGRS | B0 HAt s A R B, R
K big by, IF BT 0 SAESRMEE 4 ALl “17 o NI A A 4 A0 — RSO AE B
“0” .

LA S YR RN UIHORES | S5 R m L FUR ARSI, PR EFBOE o SN B A7 A R O ke 17 48
FRNRESIAZ , RN g R 7. an R A AN o 7 ds MBI ROV RS R |, JF Hi N2 KR
FIHFIRE |, P EERR.

U0 RSN 51 BIAT S N AR ARSI U N B R A D I 2 S e 2 i 2R T S SR AN ST
ARBAFE AN BRI U MR\ B A7 A5 0 2 S BB A7 I R HL T

% 7-10. 7748 0x44h F 0x45h ( B NBIFEFFR )

e L07 | L06 | L-05 | L-04 | L03 | L-02 | L-01 L-00

BRiAME 0 0 0 0 0 0 0 0
Br L47 | L6 | L415 | L4 | L413 | L412 L-11 L-10

BRI 0 0 0 0 0 0 0 0

BRI A RE A A A SUVE D T R I EREEH] GPIO SIM L) ERi/ T e P& o KA E i 1 ] Lk R B/
RS . KA E E R 0 2 WT Bh/ MRS S GPIO SIMMESR: . 2 GPIO 51 IAC B Vi i , &
R &S IO LA E M w07 N U vk i e 7 S ok £ ol me AV A A DA EN

£ 7-11. FFE32 0x46h 1 0x47h ( Lhi/ FhifERERESR )

fir 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

oA PE-17 | PE-16 | PE-15 | PE-14 | PE-13 | PE-12 | PE-11 | PE-10
BRI 0 0 0 0 0 0 0 0

R R B A A s FO VR B I R R A N B AE AR AL R B A GPIO , PLEAT bRiek R R H P S . B RN
WEANZHE 1 2 N1% GPIO 5 HIEFE—4 10kQ By Lh EBH2S . KA B E NZHE 0 2 8% GPIO 5| |k —
A0k Q BTN FEFEEE, anSIE T A AE SR 0x46h fIl 0x47h 22F] Lhr/ FHiIhEE |, B NiX 25 /E 8RR 2% GPIO
5 B A= 5

F 7-12. 57752 0x48h 1 0x49h ( _Eh/ FhikHFmrs)

AL PUD-07 | PUD-06 | PUD-05 | PUD-04 | PUD-03 | PUD-02 | PUD-01 | PUD-00
LN 1 1 1 1 1 1 1 1
(A PUD-17 | PUD-16 | PUD-15 | PUD-14 | PUD-13 | PUD-12 | PUD-11 | PUD-10
BRIME 1 1 1 1 1 1 1 1
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R, W AR A SR BRIV ONIE R 1, FERGUR SIRIZE I T . R LIS IR AR N (14 BF L e B ONIZ AR 0 RS
R

SR NS AR , 9 LS T B B SRS A 1 DU 97 ELARIE 5 3 . e O
AE B RIS G R O , IS BB 5

S B TR, FE LA B M |, A5t R A S BB O & SEOR I 3 AT 25 . 4T
B2 P TR0 X B BT B 5 1, S AR R 2

F 7-13. F172% 0x4Ah F1 0x4Bh ( T FRFF%E )

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

VA M-17 M-16 M-15 M-14 M-13 M-12 M-11 M-10
A 1 1 1 1 1 1 1 1

T WRIR S A 2 AR TP i R Sy At . BEEON R 1 RSN RN 51 TR . 228 0 Ko
NG RIAE R Wil =5 mh W B oy A7 2 TP A N BEE D 1 ( CBRil ) I, WP AR IR B 24 0,

£ 7-14. Z775 0x4Ch Fil 0x4Dh ( FHPRAS TR )

£r S-07 S-06 S-05 S-04 S-03 S-02 S-01 S-00

BRI\ 0 0 0 0 0 0 0 0
Rz S-17 S-16 S-15 S-14 S-13 S-12 S-11 S-10

BIME 0 0 0 0 0 0 0 0

fi L o 1 P B A e A A O L HERR BT 1/O 9. 4R 0 20K 1/O BCEUNHER K ( Q1 M Q2 A TEEIRGS. 2
B 1K 10 BEE VIR ( Q1 BZEM , Q2 I TiEaPIRE ) |, B 2 PR AR B A 74 (06 1 07 ) K H
SR BN I 20T, XA AE A (0x4Fh) AT 4R

ODENO it & i 1 0X , ODEN1 it & it 1 1X.
R 7-15. 57728 Ox4Fh ( HHR DB B FE )

o f6g ODEN-1 | ODEN-0
BRI o [ o [ o[ o[ o | o 0 0

7.6.4 piLEHES

i35 TCAL6416 2 [Alif i 5 N A B iy 2 28 e £ 4

7.6.41 A

Rk A LI R B AR A A (LSB) W ENIZA 0, KM (ki % TCAL6416 (152 &l 7-7 DL T fifdsfFit
B . A (L 2 R RS | SRR A2 17 BB A & R U . — U A Rk O A
BB A PR

TCALBA416 Hiff) 22 Marf7asfe ENMEN 11 ANRATSXTEAT . 1 X277 e N I 1R A7 & 6t i 1 97 47405

Wbk S der A7« BOE R A7 o 4 Hh RS s L A5 A7 2 (A 16 frav 7 4% ) - INBRAE AR AL T R e
745 BT ROE R 745 %ﬁb‘%ﬁﬁ’hﬁ%ﬁn%ﬁ% AR fEF NS RIEIRZ G T AR T
TR A3k B T ) 5 — AR fr A (WS 7-9 ME 7-10) o filln ﬁu%aaﬁ I 9 A A 3% B o 11 1
(#f7&3) , T ?—*ﬁ#%ﬁﬁ%m@thmm 0 (#Ffias 2) o

— G NS R AOE BRI B IR XA A 8 AL A A AR X AR DAL HA A A7 2R AT R
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S (W NN WAV N W W AV AV AV AV AT AV AT AU AVAVAVAVAVAVAVAY AVAY ERR |
Target Address | Command Byte l Data to Port 0 l Data to Port 1 |
/ |y | V! |
spa [s[of1]ofofo]o[§B]o[la[o 0 0 0 0 o 1 oflalor ~ patao | ooflalt7 = Data1  1.0lp|P|
Start Condition RIW :Acknowledge :Xcknowledge ?\cknowledge : gtop

From Target From Target From Target

: n n
i o |
' :
| |
|

Write to Port

I
!
T
I
Data Out from Port 0 |
I
I
I
I

t,, +| |+
Data Out from Port 1 | Data Valid )F
| oM
&l 7-9. B A\ E i 3 0 & 77 4%
ScL 12\ J3\ 4\ /5\ e\ 7\ sy o1\ /2\ /3 4\ /5 Je\J7\ 8L yo\ U1 2\ 3\ J4 6\LJ7U/8LoLU 12 /3 4\ J5 e e o
Target Address | Command Byte | Data to Register | Data to Register
/ | / | / | /
AD T T T T T T T T T T ) T T T 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
L K =
Start Condition R/IW ‘Acknowledge ‘Acknowledge ‘Acknowledge Stop
From Target From Target From Target Condition

& 7-10. S A EFHFH

7.6.4.2 $ZEL

BRI HI# LA Je K% TCALG416 Mtk , 1% LSB W B AP 0 (B2 MK 7-7 LERSMAHE ) » T
fEMhE 2 J5 ik, YeE T BT I RN T AR o

FHRANE , BUCKIES L | (HIXJCR R AR A R R B OIZ A 1. 25 TCALB416 Ak ar <719 i g X
T THEIE (ESHE 7-11 MK 7-12) o BdEE ACK I8kt i E AR MBI A8 b B — >y
Ja , ATRER RO Y, (AR S T iZx b g R AR P IE R . Bl G R A 1, DUESEE
MR TR A H 0. — IR B TR B IR, EEORE AN TR BRI
A REEHAE . (EREEER RS | S AN PR N — ARSI, Bl WRAEER R
B2 i e BT N 1, AR R R 3 s B A A A R 3 0

Data From Lower

Acknowledge Acknowledge Acknowledge or Upper Byte  pcknowledge
Target Address From Target From Target Target Address From Target of Register oy Controller
/ v v v
AD 1 1 1 1 1 1 1 AD 1 1 1 1 1 1 T
ST e T TR A e AT fo [T oo TR T [T s, L e[
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 1 L) 1 1 1 1 * | |
e MS? 1 1 IDat? 1 ILSB NA :
A
4— Last Byte ——P Stop
Condition
B 7-11. \EFfEa%3Ei
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scL FEW AN EW AN SN AN W WAV AWAVAVAVAWAVAYAVAVAVAVAWAVAVAWAW AW AP
Target Address } Data From Port ‘ Data From Port }
T T T T T T T T T T T T
spa  [s]|o|1]ofo]o]o]} |1|¥A| Datal |%A| Datas  [Nal P|
t Start RNV ﬁ ACK From ‘?&ACK From NACK Frorﬁfx %Stop
Condition | Target | Controller Controller‘ Condition
Read From n
Port ‘r\ {_\ ‘
| | |
Data Int:
a aPr;:: * ; ‘ Data ZX Data 3 ‘ } Data 4 X } Data 5
| i e |
‘ ‘ | | INTis cleared
‘ ‘ ‘ by Read from Port
I L[ % | I—&—' Stop not needed

1
IV4’1 ‘47 tlr 4" \‘7
A, AT RUE I SR B R R AR . AR IX BB BLRT | BLTE SR R M BB BAE A R (AR ) o AR AT A T R E
J9 00 ( BRHU NI 374 ) o
B. XiKEIAEEMmSTHifEMM. EHEsD, URYIA H bbbk FRIR A P % DR Szbr3i 4 2 i B stk A (iESmE 7-11) .

to clear INT

B 7-12. B O 758
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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
TG T RN % NIE SRR B 2B, DA R ST RE

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 Vcer
10 kQ (x7) 0
Voo =18V 1SR SR SRSRER SR ALARM
é é é NN SUBSYSTEM 1
10kQS> 10 kQ> 10 kQ > 10 kQ z :
Vel Vel Veep ! ‘ | |( Al
Target 1 H :
Controller Poo ! | | Enable I [ controlied
SCL [ scL Po1 , ! \ Switch
SDA SDA " TCAL6416 | :
INT INT I I BL
RESET RESET b2 | !
P03 :
GND P04 I
P05 :
P06 :
P07 |
P10 4 Keypad
P11
P12
P13
ADDR P14
P15
P16
GND P17
|
s
A XETAREI, FfFihkACE Y 0100000,
B. P00 #i1 P02 - P10 B & NN -
C. PO1 A1 P11 -P17 FLE N o
D. WRVESIMA (76 P30 b ) W BBg . RN RIS A bR, MIATH RS . Mt (72 P smad ) ARZE B
FHEE
& 8-1. L7 N A SR
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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 A1
F A SCL Al SDA B FE Ml F4i LS Re , 3518 12C 4% FHAT RSB A . b BB LR Vg,
VoL (max) A loL AIBREL :

Veer — Vol
Rp(min) = % 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 F AR N PUE R RZ 17, 1PC BRI R ML AT 400pF |, of FPigi iy si iR , A3E
550pF. AliEid¥ TCAL6416 HIHIZ ( SCL A C;, SDA N Ci ) « HLRAEREMTLLRIE | LML I H Al H bR
BRI , AR

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

i 8-2 frz~ , 4 110 AT#4] LED K, I/O @%@ —AN B2 ZERES] Vocp. M TFECE NMAR P i, HEIR
HFEREE V) KT Veep M. LED & — W4 , BARMEHEE Vo, 24 P ik O E AR LED 8K , H P
Uiy VAR F K %% T Veepee - Ve

X R AR R A, 2 P o G E RN DL /NME FRTE FERS |, $2%) LED B P S ) HL e D6 200K T BAE T
EHRRE 11O V) IRFFESSE T 8BS T Veep » 24 P i OECE A FEH LED 422K, mT LA (%5 21 (1) 5 FL T #E

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
& 8-3. B i R AL R A4
8.2.3 /%%
25
—— Standard-mode
\ —— Fast-mode
20 \\ —— Fast-mode plus
\
g 15 \
3 \
£ N\
& 10 \.
5 T~
— T
o - —
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
K 8-4. Bk LA HFH (Rpmax) 5 EEHE (Cp) FIHIKHR
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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-Up | | Ramp-Down | | Re-Ramp-Up |

| | | | |

| | | | |

| | «—Vec TRR GND—— P |

| | | | |

| | | | |

I T T T
| | | |

T T > Time
| Time to Re-Ramp |
4——Vee RT—> Ve T — «——Vec RT—»
& 8-5. % Vcep FEE 0.2V EL OV I F , RERIF
Veep
A
: Ramp-Down : : Ramp-Up :
: FVCC_TRR_VPORW;% :
V,y drops below POR levels : ‘ 1 :
| | | |
; ; ; f }Time
| | Time to Re-Ramp | |
o Vec FT —M «—— Voo RT —P
8-6. ¥ Vccp ZEMKT POR B , REEFHAHA
% 8-2 5 7 R A DR E AT I PR B ) FLR AT IS 1 R
# 8-2. BN HIRRH P AR AR
BHN @ g T mkm| we
ter NS HZMIK 8-5 0.1 2000 ms
trT RSP pt W&k 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_GH 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% Voo I POR ) E Bk 551 0.6 \Y;
VPoRR THE Vee I POR ) H 5 MRS 5 1.0 V

(1) Ta=25°C (KRAESAEUM ) -
(2)  RadWK. WEBIHHIE.

MR TP S R g F 1 B R AV RE . TSR (Voo ew) MRIE (Voo en) AHELMRML. 55 # iz, J5FH
PURES IR PUR M L S AR RERI R . A R I B X U I TE 25 8, WS 1A 8-7 Mk 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 T REEIE

TIE2E™ 0 e ipdn & TRIM R EES Yokl | W BB G RO RAY0E . S IiF st 5ey. Bk
G R B A TR B SRS T PSR BT 7 B

VRN A B S AN TR “HERE” SR, XES AR TI HARMVE | I EAR—E B T A 530
TI A8 I 22K

9.3 Hin
TI E2E™ is a trademark of Texas Instruments.
FrA bR A B A E I .
9.4 F A EE
Fr LR (ESD) SR X AN LR LS o AN A (T1) BESGEE 2 00 TR 18 M A B AT A SR AR B o SRS I3~ I A 3
A FIZETRT | 7T 2 PUR R L .

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 RiF&
TI RiEE AARVERYIHHMRE TARE . &R A .
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10 &3T P SBid
v o DR RRAS 1) BTAS T BE -5 24 RS 1) TR AN [R]
Changes from Revision D (January 2025) to Revision E (September 2025) Page
© MHBR T TCALBATERAB IIZFAFERUEIT 0 oot 25
Changes from Revision C (June 2023) to Revision D (January 2025) Page
o PG ERPIRINT 24 51 VSSOP B2 .ot 1
o TNINT 24 GIJHIEVSSOP B2 ettt eneene e 3
Changes from Revision B (April 2023) to Revision C (June 2023) Page
o CHSCRYBRRM “TCALB416 16 £ 12C S 2k ” SN TCAL6416 16 f/#57 12C HiZ o ..o, 1
o T T BEELTE T I T TERE 2ttt 1
Changes from Revision A (August 2022) to Revision B (April 2023) Page
o MR T HEEE R TSSOP HIF= Ml TR AT BT ..ottt 1
Changes from Revision * (June 2022) to Revision A (August 2022) Page
o CBSTRIM CTREEE” THEUN 1 77 B e 1

11 HUR. BEEMATITEE R

TRTHE RS HU. BPRATIE S IXEE R E A T R e . BR AR AA S TR, H
ACRSTRGHATIET « A RILEARR AR A RA | 152 3 A2 3T
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31-Oct-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TCAL6416DGSR Active Production VSSOP (DGS) | 24 5000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L6416
TCAL6416DGSR.A Active Production VSSOP (DGS) | 24 5000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L6416
TCAL6416PWR Active Production TSSOP (PW) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL6416
TCAL6416PWR.A Active Production TSSOP (PW) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL6416
TCAL6416RTWR Active Production WQFN (RTW) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL
6416
TCAL6416RTWR.A Active Production WQFN (RTW) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL
6416
TCAL6416RTWRG4 Active Production WQFN (RTW) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL
6416
TCAL6416RTWRG4.A Active Production WQFN (RTW) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TCAL
6416

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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 O 0O O 0 O0 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)
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
TCAL6416RTWRG4 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 353.0 353.0 32.0
TCAL6416RTWR WQFN RTW 24 3000 367.0 367.0 35.0
TCAL6416RTWRG4 WQFN RTW 24 3000 367.0 367.0 35.0
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height
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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
SMALL OUTLINE PACKAGE
24X (1.5) S\(KLMM
! | ‘ (R0.05) TYP
o | ot
|
|
|
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X
SOLDER MASK METAL METAL UNDER /—SOLDER MASK
OPENING‘\ SOLDER MASK\ OPENING
EXPOSED METAL :\ 777777,7,}EXPOSED METAL
*H‘* 0.05 MAX *j 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS
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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

24X (0.45) |
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|
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|

-

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220208/A 02/2017

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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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
-
8]
415
\ o 5,85
PIN 1 INDEX AREA —1
TOP AND BOTTOM

070 ] J0,20 REF.
i B B

SEATING PLANE

«—{050)

w °
EEURVRVIIVRHR

1 6
24 | 17
D THERMAL PAD C
D _SIZE AND SHAPE -
D SHOWN ON SQPARATE SHEET C
D L J -
191D C 2
18

—»Hﬁ 24x 220 | 1010 @lcla]B]
0,18 0,05 M

(@)

4206244/C 07 /11

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.

w3 TExas
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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

4206249-5/P 05/15

NOTES: A. All linear dimensions are in millimeters
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http://www.ti.com/lit/slua271

LAND PATTERN DATA

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

Example Stencil Design

Example Board Layout 0.125 Thick Stencil
(Note E)
Note D — ==20x0,5 —1 =20x0,5
= — 24X0’8—“|:j‘—U JUUL —
O O O | 03
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¢// ... Example Solder Mask Opening \\\ (Note D, F)
. < (Note F) AN
/ \\ N f—— 2 7 [——
’ / 0,08 0.85 ‘\‘ 9x90,3 ’
o ROISC A 5 Mo O O
| i | |
H i _O O O 2’7
\.‘ m Pad Geometry 6x0,9
\ 0,07 ’ / (Note C) Q O O
\ All Around / 6x0.9
. / ’
.. pd
~. -
"""" 4211120-3/D  05/15

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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