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TCAL95388 Ev M 12C /N X /SMBus 10 T R/ 4. ElUAHZEH, ULy
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A EIZ 4 SOFT SARE e
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+ SCL £7/21Z SDA AJ1DIAX T4V H
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«  GPIO iR =7 vy % H 355050

I°C or SMBus
Controller
(processor)

3 &

TCAL9538 7/ A AL, 2 A WI7IH) 12C /3 A (F72iZ
SMBus) 7' mb=L IO ~TL v AT (1/0) SE5E
RASNCOET,

ZDOF NAAIL, 100kHz (A¥ % —RE—N), 400kHz
(77 ARE—NR), IMHz (77 ANE—R 7T R) O 12C /1
o 7 BB A AR —RLTWWET, TCAL9538 # 13U L
T5 N0 = I ANV L, AT v Ty RH
V. LED, 77 72 110 BN ALENHLGE
WL B a— g LU T ET,

TCAL9538 |Zid, W, 1H#EE /1. EMI IZBIL T I/O 1
REZ M) ESE 2B IHERE Al 2 72 Agile I/O AR—FAMF 0
TWET, BIEREL LT, 7 as I ARG H ) BREL IR
B, Tar I L R TINT T BIOT VA ARG, T
T A[REIR AT AT A[REIREIVIA Fx | EIVIA I AT —
HAVIAR Tal T Lwielied —7 " R A Eid”
v a7 VNI RHET,

Ny =88

BB Rotr— )| Rylr—Y HAX@)
TSSOP (16) 5mm x 6.4mm
TCAL9538 UQFN (16) 2.6mm x 1.8mm
X2QFN (16) 1.6mm x 1.6 mm

TCAL9538 (i

(1) FECOWTIE, BZvar 11 2B RL TSN,
(2) o —U P AR (ES x B) ITAFMETHY, 354755513
HEENET,

Peripheral
Devices

* RESET,
ENABLE,
or control

o INTor
status
outputs

e LEDs

* Keypad
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4 EVBRE X THEE

o1~ 16flvee EEREEER
A1[]2 15[] SDA N T Lo
RESET[|3 14[] scL | 1
PO[|4 13[] INT mpzl Lo
P1lls  12[lp7 3] |
P2[]6 1[] Pe
P3[f7  10oflps =,
ondlls  oflee REUERED
4-1. PW (TSSOP) v —, 16 EV B1 4-2. RSV (UQFN) /8w r— 3, 16 E>
(LmER) (LEH)
1 2 3 4
Al
B
c
0
Not to scale
4-3. DTU (X2QFN) Xy o=, 16 EV
(EER)
& 41. EVDOHEE
587
4% | TSSOP | OFN [X2QFN R0 Eirl
(PW) | (RSV) |(DTU)
A0 1 15 |A2 [ TRUAARS, Voo 2137 TV RICE BB L £
A1 2 16 |B2 | TRUAAS, Voo 2137 T RICE#EEH L £
GND 8 6 |D2 - IR
INT 13 11 |B4 o FNAL T ), TNT T BAER LT Voo IZHEEL £
PO 4 2 B1 1’0 PR—=FAT) [ ) (P v a7 L OREHEE), BER AR, PO IZAEL TSV ET
P1 5 3 |C2 110 PAR—NAT [ ) (T a7 N OBGEHERE), BIRRARIZ, P1IZAS LU TR RSET
P2 6 4 C1 1’10 PR—=FAT) [ ) (P v a7 L OFEEHEE), BIFER AR, P2 (XA EL TS ET
P3 7 5 |D1 110 PAR—NAT) | ) (T a7 N ORGEHERE), BIFRRARIZ, P3 AN LU TR SILET
P4 9 7 |D3 110 PR—=FAT) [ ) (P v a7 VORI, BERARHT, P4 IZAEL TS ET
P5 10 8 |D4 110 PAR—NAT) [ ) (F v a7 N ORGEHER), BIRRARIC, PSIZAN L TR SET
P6 11 9 |C4 110 P R—=FAT [ ) (P v a7 )V OFGEH#EIE), B AR, P (ZAEL TS ET
P7 12 10 |C3 110 PAR—=RMAT) I H) (T a7 N OiEEHERE), BIRE AR, P7T IZAEL TS VET
RESET 3 1 A | TIT47 Low DYy MAT, TIT47 B8t 0ME S CUORW &I, 77 v T HRETA R
LT Vg I LET
SCL 14 12 |A4 [ ST NIy R, FANT T B AR LT Voo ICHHELET
SDA 15 13 |B3 /0 ST T =B R A, TINT T B LT Voo IS L 9
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TSSOP | QFN |x2aFN | FEHE("

ol
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5 {11
5.1 @ RKER

A M COBMER RPN (Rl fEik oz iry) 1)

SAME ROKfE|  HAL
Voo |mmmE 05 4V
v, ANTEIE® 05 4 v
Vo HUDBIE® 05 4 v
Ik ANS125 7 Ei V) <0 20| mA
lok Whrs 7 &R Vo <0 -20 mA
ok A 2T T E xgs 0 37543 Vo > 20| mA
loL g ) Low &G Vo = 0~V¢e 50| mA
lo i H /7 High e Vo = 0~V¢e 50| mA
lec GND Z i 5 Bt 200 mA
lcc Ve Zit Dt & i 160 mA
Ty BEA IR 130 °C
Tstg TRAFIRE -65 150 °C

(1) (RSB AIERS ) DI DBV 1%, T A RDKGEHIRIR G DI E74S A REIE RS VFET, [HEXIRATERE )12, ZIEDRIFIZI0T, Fe
1ETHESZBNER A ) 1D RSN EAE R SOV DR BFAF T KR P IELSBYET S EEEHT B D TIEDVEY A, [HEHRAERS )
DFEPHPY Too Th [ TESZBNFFAF) DFEPHI TR T-EL, TANTRPERICHEBEL RV FIREMED B D, TN XDSHEHE, HERE, HEREIZHREEE
ERIFL, TANLRDEFEGHENGOS W REMABHVET,

(2) ANEHSOEFRDEKZIATLTH, ATDORAEELMT

BEOEMREBLHZENBHIET,

() ZOEUHBHAIHEESNTODHE, 10 B% GND ICHBER T 52 LT TEEE A, JHUTED 150mA 28X DFEHA AL, T/ 3AAIZ
A G2 LR DY ET, 10 B GND [T T 25813, 10kQ 22 27 V20 ARHTE 10 AR T 52 LR L £,

5.2 ESD &%
& BAQL
ARET /L (HBM), ANSI/ESDA/JEDEC JS-001 +4000
- (ZHERL, o () -
V(Esp) FEE — = v
T/ SAAH5HET L (CDM), ANSVESDAIJEDEC | .00
K% JS-002 (CHEHL, T _THr @ -

(1)  JEDEC ORF=Ak JEP155 (2, 500V HBM TiHAFEHED ESD B mE A TLH ARG R AR CHLEHES N TVET,
(2) JEDEC ®ORF =4k JEP157 (2, 250V CDM TIIEHED ESD HH7 m A T RSN AR TH LR ESN TWET,

5.3 #REMIEFRMH
H B &G COBMEREEFPIN (Rl D RY)

RAME  mKE| B
Vee EIREL 1.08 3.6 \Y
Vik High L~L A E FRTOEY 0.7 x Voo 36| v
Vi Low L~V A JJEE T RCOL -0.5 0.3 x Ve Vv
lon High L~V H{ ) i PO~P7 -10 mA
loL Low L~ H AT (Voo S 0.3V) PO~P7 25|  mA
Ta J&E R EE -40 125| °C
T HO IR 125| °C
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5.4 B(CB Y B 1R
Nolr—o
B TE() PW (TSSOP) RSV (UQFN) DTU (X2QFN) B
152 |52 1592
Reua B T D~ D B 115.7 123.1 143.4 °CIW
Rescitop) | EEATRADS—2 (L) ~DEEH 46.1 65.0 55.6 °CIW
Ress BEA TR DHAR~ OB 62.0 54.6 81.9 °CIW
Wit BEANS L ~DRHE T A—5 6.0 2.9 1.3 °CIW
Yig BEATRD ST A~ D R T A5 61.4 52.9 81.8 °CIW

(1)

PRI LORB OBGHIG L HE DT DWW TE, TR I ONIC Sy — P OBGHEIEE] T 7Y r—vay LIR—MS L TIZEN,

6
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5.5 ESAEE

H R COBRREEFPHP (FrZRERORUERY)

PG R—H T AN Vee BAME AEYEE BoKfE| HAL
Vik ANFEAF—F 25 FEE 1.08V~3.6V 1.2
VPORR T —F Uy MEE, VCC RYASH S/l V| = VCC 721 GND, IO =0 0.85 1.0
VPORF T —F Uy MEE, VCC ASE WAl V| = VCC 721 GND, |0 =0 0.6 0.75
1.08V 0.8
1.65V 14
lon = -8mA, CC-XX = 11b
23V 2.1
. 3V 238
Vou P #—k High L~ Lt A8 ED \Y
lon = —2.5mA 33108 CC-XX = 00b, 1.08V 0.75
lon = —5mA F LT CC-XX = 01b, 165V 14
lon = —7.5mA 350 CC-XX = 10b,
lop = —10MA 35108 CC-XX = 11b, 23V 21
3V 2.8
1.08V 0.2
- WY = 1.65V 0.15
P loL = 8mA, CC-XX = 11b v
23V 0.1
30V 0.1
Vou Low L~ Sy
loL = 2.5mMA F3J 0t CC-XX = 00b, 1.08V 0.25
loL = 5mMA 3T CC-XX = 01b, 165V 0.15
P —F loL = 7.5mA 35108 CC-XX = 10b, v
lor = 10mA 35578 CC-XX = 11b, 23V 0.1
30V 0.1
i SDA 20
lor Low L~ L ) i T 1.08V~3.6V 2 mA
- ) V) = Ve £721% GND 1.08V~3.6V +1
I ANV — B P R—h
oV 1| pA
Iy NI —2 & SCL, SDA, RESET |V, = V¢ %7213 GND 1.08V~3.6V +1
I AN — 2 V) = V¢e £721% GND 1.08V~3.6V 1| pA
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5.5 BESIHINE (i)
H K IE COITEIREFIPHN (FRZFRIR DR RD)
INFGA—F T AN Vee B/ME BEEE RKE| HAL
] 36V 11 15
SDA., RESET = Vc. P #—F, ADDR =
Veg %721 GND, 2.7V 8 1 uA
110 = A 77, fgcL = 400kHz, -40°C < Tpo S [1.95V 5
85°C
BT 132V 2
(400kHz) 36V 7 24
SDA. RESET = Vcc. P #—F, ADDR =
Vee E7-1% GND, 2.7V 5 18 uA
I/0 = A7, fscL = 400kHz, 85°C < ToAS [1.95V 4 14
125°C
132V 2 11
_ ] 36V 34
SDA., RESET = Vc. P #—F, ADDR =
Veg %721 GND, 2.7V 24 uA
110 = AJj, fscL = IMHz, -40°C < TpoS  |1.95V 18
85°C 132V 12
1 e BfEE—F :
I E= JJ:EV Y5y
cc i L IRFRE T (1MHz) 36V =
SDA. RESET = Vg, P #&—F, ADDR =
Vec E7-1% GND, 2.7V 30 uA
110 = AJ7, fgcL = 1MHz, 85°C < Tp S 1.95V 22
125°C
132V 16
] 36V 1 3
SCL. SDA, RESET = Ve, P K—k,
ADDR = V¢¢ %7213 GND, 27V 08 20 uA
110 = A71, 1o =0, fscL = OkHz, 1.95V 0.6 1.6
-40°C < Tp S 85°C
132V 06 14
AH N, F—R
. 36V 14
SCL. SDA. RESET = Ve, P K—k,
ADDR = Ve %7213 GND, 2.7V 10 uA
110 = A71. 1o =0, fscL = OkHz, 195V
85°C < Tp £ 125°C
132V
Rpu(i W7 VT > 7 i
putg 22 7 2P P E—h 70 100  140| kQ
Rpdinty | IFBZ L2 L A4#T
o ASE G SCL V| = Ve $721% GND 1.08V~3.6V 25 5| pF
\ SDA Vio = Vg £721% GND 1.08V~3.6V 6 8
Cio ATT e D= - pF
P H—k Vio = Vg £721% GND 1.08V~3.6V 6 85

(1) % VO TSR THR AR 25mA IZHIBR I 24 A H D E 9, CC-XX 1L H I SREN IREL 27 DR EEFRLE T,

56 91 IV JEH
AU COBY R RPN (FHCRLR D720 BRY)

R/AME RKME|  EAC

RESET

tw Utyh 7L R 80 ns
trec Uty ME 7R 0 ns
treseT Uty hETORFH 400 ns
P R—bh

tpH FIABERAESED P R— D/ UL AR 30 ns
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5.T2CNNR YAV IEH
H BRI COB R RPN (Rl Rk o720 D)

H/IME RAME|  HAL
I2C "R - 2ZUH —K ®—F
fsel 12C 7vry 7 JE K 100| kHz
tsch 12C 7z 0> High HEE 4 us
tsel 12C 7y d Low M 4.7 us
tsp [2C 2,34 7 BEH] 50 ns
tsds 2C TN F—% BT o TR 250 ns
tsan 12C U7V F—4 d— /LR 0 ns
ticr 12C AN DL LA 1000 ns
tict 12C A S DIEH T AN HEE 300 ns
toct 12C H /1 DSEE R AN B 10pF~400pF /XA 300 ns
touf STOP & START [? 12C /SZD 7Y —HFH 4.7 us
tsts I2C START %7213 18 START &fhoikiE 4.7 us
tsn I2C START £7213 K18 START Seff—/LR 4 us
tsps 12C STOP {0 iE 4 us
by | AT — SR SoLLou o SDAL 345 s
SCL Low 75 SDA
by | ACK SIEDA T —4 I (H177) Low ~ ACK 345 ps
(ER
Cp 12C NADF B AT 400 pF
I2C /SR - 77 Rh B—F
fsal 12C 7w JE ¥k 0 400 kHz
tsch 12C 71270 High 0.6 us
tsel 12C 727 d Low K[ 1.3 us
tsp 12C 2,4 B[] 50 ns
tsas 12C U7V F—4 2y T v 7 I 100 ns
tsan 12C TN F—& dR— /LR 0 ns
ticr 12C A 1D H AN B 20 300 ns
ticr 12C A J)DSEH T30 B 20 x (Vgc /5.5V) 300 ns
toot 12C D3 E T A 10pF~400pF /32 20 x (Ve / 5.5V) 300/ ns
touf STOP & START [? 12C /RZD 7Y —HEf 1.3 us
tsis I2C START £7=13x# START &fF0OR%E 0.6 us
tsth 12C START %£72i%/< 18 START &fhas—L~ 0.6 us
tsps 12C STOP &ft:mi%kiE 0.6 us
tvd(data) BT — 5 ?;C%;gv?% SDA t 0.9 us
SCL Low 75 SDA
tvd(ack) ACK &I EZN T — 2 K5 (H77) Low ~® ACK 0.9 us
(X
Co 12C S ZD 7S Bl 400| pF
I2C RR - BT —F FFR
fsal 12C 7wy s AL 0 1000 kHz
tseh 12C 71270 High FE[E] 0.26 us
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5712C/INR 74 XV JTEH ()

H B &G COBMEREEHEPIN (FFIRLB D72 RYD)

H/ME BoAfE| AT
tsal 12C 7y d Low B 0.5 us
tsp [2C 2 A 7 BE(H] 50 ns
tegs 2C I UT N F—& Ty T R 50 ns
tsn 12C U7V F—4 dh— /LR 0 ns
tier 12C AA DL EAS0RERE] 120 ns
ties 12C A S35 H F A 20 x (Ve / 5.5V) 120 ns
toct 12C D H T AV EFE 10pF ~550pF /3% 20 x (Ve / 5.5V) 120 ns
tput STOP & START [® 12C 2D 7Y —HHF ] 0.5 us
tots I2C START #/-13K 18 START {0 i 0.26 us
tsn I2C START £/-13X 1 START &ffR—L R 0.26 us
tsps I2C STOP ik 0.26 us
by | HAVT— SR S Lou o SDAL 045 s

SCL Low 75 SDA
tyd(ack) ACK &M DH T — 5] (H177) Low ~® ACK 0.45 us
(ER2
Co 12C N2D 5 R A T 550  pF
5.8 AM4 v F U UHHE
H B0 COBWEREFHN (FrlZiliB o2V RD)
IRGA—E 2R (AA) HAR (HiA) BAME  AEREE O BoRfE|  HAL
ty FI0IALA BT P H—F NT 1 s
tir FIDIATRY & ML REH] SCL INT 1 s
tov 7 — 2 A IR SCL P A—k 400| ns
tos AT =% o b7 7 I P A—h SCL 0 ns
ton ANT =4 =)L REEH] P AR—h SCL 300 ns

10 BHEHZBT 37— PN 2 (ZE S RRB OGP H) &5
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5.9 KRB
T = 25°C (KHIC RO FRY)

30 60
— Veep =36V 55 — Vccp =3.6V
— Veep=3.3V — VCCP =3.3V
25| — Veep=25V 50 | — Veep =25V
< — Veep =18V < 45|~ Veep =18V
2 20| — Veer=12V = 40| Veor=12v
g — Veep=1.08V / GC) — Vcep = 1.08V
g £ 35
3 15 L1 3 30 — |
T: .————_/ _Z
g — ] g 25
= — L S
10 —— @ 20 — |
_8 —_‘_’_/// _8 15 —]
5 — 10
5
0 0
40 -25 10 5 20 35 50 65 80 95 110 125 40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
B 5-1. HREREBELDOBE -FM E— R B 5-2. HREREBELDOBE -FM+ E— R
10 22
— Veep =36V — 125°C
9| — Veep=33V 20| __ g5oc
g|— Vecr=25Vv 18 | — 25°C
< — Veep =18V < 16 — -40°C
S 7|— Veer=12V 2
§ | Vecr=t08v / g 14 LA
3 312
o o -
> 8 / > 10 7
[=% Q =
o 4 o
> > 8
1%} 3 1%}
Q o 6
T S iy _——
—
e —— =l 2
0 0
40 -25 -10 5 20 35 50 65 80 95 110 125 1 1.4 1.8 22 2.6 3 34 3.6
Temperature (°C) Vcep - Supply Voltage (V)
5-3. R Y NA HEEREBE EDORRFR E] 5-4. HEEREEREESORRE -FM E— R
41 50
a7 — 125°C 45 — 125°C
— 85°C — 85°C [ — ]
— 25°C 40| — 25°C — ]
’i 33| 40°C z —— _40°C /////
= g 35
2 £ 30 // e
3> _ = § ”s 4
>
& 2z / _E 20 //
n 17 '
O = 5 15
£ 13 =~ o
10
9 = 5 ‘
—
5 0
1 1.4 1.8 2.2 2.6 3 34 3.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Vcep - Supply Voltage (V) VoL - Output Low Voltage (V)
5-5. HEEMREEREE L OB - FM+ E— R 5-6.110 U EREMH Low BEEL DK, Ve =1.08V
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5.9 AR (Fex)

T = 25°C (KT RO FRY)

75
70| — 125°C
65| — 85°C — |
60| — 25°C —
< 55] — 40°C — ]
£ 50
€ 45
(0]
5 40 //
Q 35 7
£ 30
(] /
. 25 7
32
15
10
5
0
0 0.1 0.2 0.3 0.4 0.5 0.6

VoL - Output Low Voltage (V)

5-7.110 O BFE 5 Low BEEDBAE, Ve =1.2V

200
— 125°C
180 | — gsoc
— 25°C
160
z — -40°C
£ 140
S 120
3 100
X
< 80
(%]
L 60
)
40 /
20
0
0 0.1 0.2 0.3 0.4 0.5 0.6

VoL - Output Low Voltage (V)

58.110 L OBt E A Low BEE DK, Ve = 1.8V

VoL - Output Low Voltage (V)

59.110 Vo BHREEN Low BELDERE. Vec =2.5V

300 325
— 125°C 300 | — 125°C
275 121 — 85°C
250 | — 25°C 275 25°C
—_ — -40° —~ 250 | — -40°
T 225 40°C z - 40°C
E 200 E 225
E
8 150 8 150
X X
c 125 c
® & 125
.6 100 8 100
= 75 = 75
50 50
25 25 ‘
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6

VoL - Output Low Voltage (V)

] 5-10. 110 >V O EREMA Low BE L DBIR. Ve =3.3V

VoL - Output Low Voltage (V)

511.1/0 > 2 Bt & A Low BE & DBAR. Ve = 3.6V

325 9

300 — 125°C — Veep = 1.2V, loL =10 mA

o75| — 85°C _ 80— Vcep =33V, loL=10mA

— 25°C S — Veop =12V, loL = 1mA
2 250 — -a0C E 70| — viep=3.3V, loL=1mA
£ 2% $ 0
= —
£ 200 5 |
[ [y
£ 175 = 3 50
3 : ———
x 150 = 40 — |
» 125 5_
Y, 100 a3 ——
3 A ; T
- 75 ~ 120 —
7~ 3
50 . > 0
25 Za
0 0
0 0.1 0.2 03 0.4 05 0.6 40 25 -10 5 20 35 50 65 80 95 110 125

Temperature (°C)

5-12. 1/0 Low EFE &iBE & DA%k

12 BEHICIT 57— 2 (DER BRI Sbd) #5F
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5.9 KFAVFE (Fi)
T = 25°C (KT RO FRY)

36 55
33| — 125°C %2 so| — 125°C —
—— 85°C — 85°C L— L —
30| — 25°C = 45| — 25°C —
__ 27| — -40°C ~ 40| — 40°C ]
E 24 é 35 Za
g 21 / 5 30 L~
" iy
8 V 8 /|
3 12 3 2 /.
A g /i @A 15 /
6 10 /
3 5
'Y ‘v
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 05 0.6
Vee - Vou (V) Vee - Vo (V)
5-13.1/0 ¥V —REjf & i High BE & DB, 5-14.1/0 YV —RA B & 5 High BE & DB,
Vce =1.08V Vee =1.2V
130 175
1200 — 125°C — 125°C
— 85°C — 85°C
M0 25 A 10 ___ 250
__ 100 | — -40°C = — | 40°C
< 90 <
£ £
= 80 = /
5 70 g 100
3 60 3
8 5o ] 3 75
3 =]
2 40 8 50
30
20 7z 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 05 0.6
Ve - Vo (V) Ve - Vo (V)
5-15. /0 VY —REF & 51 High BE & DBAf%. 5-16. 110 YV —REF & 71 High BE & DBIf%.
Vcc =1.8V VCC =2.5V
220 240
— 125°C — 125°C
200\ __ ggec 210| — 85°C
180 | — 25°C — 25°C
— -40°C 180 | — -40°C
2 160 = < 180
£ 10 — £ 50
$ 120 5
3 100 5 120
§ 80 = § 2
3 60 Z | 3 e
40 /
20 G 30
0 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Vee - Vou (V) Vee - Vo (V)
5-17.1/0 ¥V —RAEfi & 1 High BE & DB, 5-18.1/10 YV — A B & /1 High BE & DB,
Vee = 3.3v Vee = 3.6V
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5.9 AR (Fex)

T = 25°C (KT RO FRY)

0.14
e VCC =1.2V, |SOURCE =-10 mA
0.12 — V(;c =3.3V, |SOURCE =-10 mA
— Vce =1.2V, Isource = -1 mA
—— Vcc =3.3V, Isource = -1 mA
0.1
S
z 0.08 —
5 —T
o 0.06
o
>
0.04
0.02
0
40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)
5-19. I/0O High BE & BE L DM
14 RN T 57— RN 2 (DRSBTS P) 55 Copyright © 2025 Texas Instruments Incorporated
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6 /85 A — & AIEFR

Vee

RL=1kf2

SDA
DUT

CL =50 pF

I (see Note A)

SDA LOAD CONFIGURATION

la Three Bytes for Complete N
evice Programming
* Device Programm "
Stop Start Addres R/W Data Data Stop
Condition | Condition | Bit7 A‘é‘_'t’? coo A‘I’a‘fﬁss Bit 0 AiK Bit7| eee | Bito | Condition
(P) (S) (msB) | °"° | ! (LSB) (A) (MSB) (LSB) (P)
tscl ‘ ‘ ‘ ‘ tsch
‘ ‘ == 0.7 Vcc
scL | L } } M
|
‘ ticr*‘ )« \ | | ‘ ‘ ‘ 1 :« tvd(ack)
tbufH } tice — P y« l ‘ tsp»‘ l— ‘ tvd(data)ﬂ
L
XX AN
SDA |
N AN
\
tice — ‘“* ‘ —» f ticr } ‘ —» [ tsgn
tsth € togs M Repeat
Start
Start or "
Repeat Condition Condition
Start
Condition
VOLTAGE WAVEFORMS

BYTE DESCRIPTION
1 I2C address

2,3 P-port data

A CLICHTB—T LR EOR NG RN ET, tocf 1T, 10pF £721% 400pF & C, TRIESHET,
B. T RTOAMNL, A FORHEAFE V= XL —2h b S £ PRR £ 10MHz, Zo = 50Q. t/t < 30ns,
C. TRTCONRFA=HEWKIEN, TR TCOTNARTHEHATEXDDIT TIEHVEE A,

B 6-1.12C A >4 — 7 =4 ADATH B & BERK
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Vee

R, = 4.7 kQ

INT

DUT

CL =100 pF

I (see Note A)

INTERRUPT LOAD CONFIGURATION

ACK
From Slave
Sta.r? 8 Bits ACK
Condition RIW (One Data Byte) From Slave
Slave Address From Port l Data From Port
[sTaT+TToToatfacl+Ta] T T oatat [ [ [a] T tpataz; [ [ [+]P]
1] 12| 3] 14] |s] le] |7 le] |A ---
I
—Drlﬁ—ti,

2
/

[ )
[
\ | f A
Data \\ | * |
Into / Address X Data 1 | Data 2
Port S— |
I

—— 0.7 xV,
scL ce
——— 0.3 xV¢c
— —— — — 0.7xV,
INT ce
——— 0.3 xVgc
View A-A View B-B

A CLICETu—T LBEORBENEENET,
B. T RTOAMNZ, LLTFORHEERF OV = XL — 20563 F 3 : PRR £ 10MHz, Zg = 50Q, t/t; £ 30ns,
C. TRTONRGA=HZLWIEN, TRCOT NARTEA TELDITTIEHVER A,

6-2. Bl VAL AFERS L VEBRERRE

16 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2025 Texas Instruments Incorporated
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Pn 500 Q
DUT l @ ® 2 xVcgc
C|_ =50 pF
I (see Note A) % 500 @
P-PORT LOAD CONFIGURATION
— — 0.7xV¢c
scL PO A P3
‘ —— 0.3 xVgc
| Slave
| ACK
\
o \_ A
| tov
‘ ‘ (see Note B)
Pn | K
\ \
M Last Stable Bit
Unstable
Data
WRITE MODE (R/W = 0)
SCL
Pn
READ MODE (R/W = 1)
A CLitiFTr—7 i BoFENEENET,
B. tp 13, SCL T 0.7 x Vg 725 50% 0 /O (On) t A £ CHIESNET,
C. TRTOAMNZ, LLFOEMEEZEF SV 21— 2008 & £ 7 :PRR £ 10MHz, Zg = 50Q, t/t; < 30ns,
D. HnE—EiZ 1 P oRESIL, JWET DN 1 BEELET,
E. TRTONRTAZEFIEN, T_XTOT SARGHEFA TEDLDIT TIEHVER A,
B6-3.P R— FOAREBBRELUS A X 2 /iR
Copyright © 2025 Texas Instruments Incorporated BHEHI BT 37— w2 (DB RSB ap) #2F 1T
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Vee
RL=1kQ
DA
DUT S
CL =50 pF
I (see Note A)

SDA LOAD CONFIGURATION

DUT

500 Q

(see Note A)

Pn
l CL =50 pF

® 2xV¢c

500 Q

P-PORT LOAD CONFIGURATION

Start
ScL \ /_\ /_\ / ACK or Read Cycle
¢
pY)
(C
>J
SDA
\———7/ ——————————— —————————— «/——-0.3 Vee
| >J I
| |[&——»— treseT
(C |
T p))
RESET -t N\~ I ———— Vgcl2
l‘_’l_ trec | |
>ty
<e |
Px > \
(see Note D) | —— Vccl2
(C | |
) '
l¢——>— treser

CL 37 r—7 LR ROFBENGENET,

/O FATI L THERLSILE T,

moow»

A EEBLET,

FRTDATA—HEBIER, TS TOF AATHEATED DI TRBIE A,

FTRTOANIZ, LT ORMEEFF S Y = R/ —# b ifaE ET :PRR £ 10MHz, Zg = 50Q. t/t; < 30ns,
HE—EZ 1 ST SRESh, JET D700

6-4. Yty FMATHERSE X UVBRERR

18 BRHCET 71— o2 (ZE RSB EPE) 255
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7 MR EA
71 =

TCAL9538 1%, 2 FREMI7 )73 A (12C) DA /0 =/ A0 2C 1.08V ~ 3.6V O#IPH CEMET DT EFE
NTCHET, 12C WEEITH 7 ay ISV E—R 110 JEE AL, S U7V Zrys (SCL) L3 UT L F—4
(SDA) (& 5Tk SNDA L X —T 2 A A% 2 TOE T,

TCAL9538 T VX)L a7 (L 8 B hDT —H# LIUAX THEMINTEY, ZNHDOL PAF EffioTa—H—|Z /0 R
—hOFEERE TEET, BIRFEEARE, $213Y 7 =7 Uy MERHLOEIZ, 1/O i)\ﬁ&bﬁ%ﬁ}zéﬁmiﬁ“ 7=
72L. Configuration L U AX|ZEZIATeZLIZED VAT A arba—F13 110 Z ATEIZH IO ELLIZHER T2
ZEBNHHRETT, FANFFH N OT —HiE, IS TDHATR—F LUAFEZIZH IR —F VU ARIERFRESLE
T o AJIR—F LIUAZORMIL, B KHEL VA CREETEE T, VAT A IV M —F 3T X TOL VAXEHATL
BIENRTEET, SHIZ, TCALIS38 121, I/0 R—FDigE LIz b L7z Agile /O BEEE N EEH SN TV ET, Agile I/O
MERELL D RHZIE, Tl T LA fere N BRENSREE . 70/ T LA REAR T N T v TP E T NE T AR, T T Al RER
A AT A[RERENIA T BIVIABRAT —H A LAY Tl T N[t —7 v RL A Fid T a7 Vi
DEFNTWET, ZNOORERL VAXZ I Fdk 0/ L2720, 110 135k &, 2 ——3EEE ), AL —
R, EMI 728 DR EH A Feiii b TEDIDITR0ET,

?“A‘W@ﬂﬂ@%‘é ZIE. AR —ROREENRE(LT BN INT BV CRAETIEALBHVET, T AL RET 7
EAAN2LIN 2 )JZ/M“é WL, V7 =7 Uvh a<v REkE 450, 3T A ADERE — Efl-> XU —7F
Y UBYREITOWET, N—RUx=T BLIEZT L TRLA Ui+ 528 T, #8D TCALI538 734 2% [ 12C
PNANHEG T HIENTEET,

TCAL9538 DA —7 o RLAEIAZ: (INT) H &, WFnao AJJREEA 3% Input Port L2 2Z DIk RE
DG AT 7T 472> T AJJiRRE 75>”7WI:L7L_2:%/X7A A b —F RO S ET, INT I:/!;t
T ayhOEIARAN N T DIENTEET, ZOTAL TEIARME BEEFETHILED, T /8L AT 12C N
ATEELRLTH, VE—h /O R—MIZET =2 RHDNEINE T oty BT AIENTEET, D7, v
VNIRRT N FORARELUTHERE CTEET,

VAT L arha—J%, XA LT UNEIIFOMOARE O R BEN A LA RESET A% Low (7 H—h
$5ZE T, 12C/ISMBus A7 —h <L oA BEAEH L TEET,

2 KDON—R7x7 'y (A0, A1) 2> THEE 12C TRL 227/ 0B LOEFETH2LT, kK 4 DDOF AN
MU 12C /S AF/-1% SMBus #3:A T& £,
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72@#ETOY IR

INT - Interrupt Logic ——
A0
A1 l
SCL I L
Input 12C Bus Shift 8 Bits o PO-P7
R Filter Control Register Port
SDA «
4
A
Write Pulse
RESET Read Pulse
v, Power-On
ce Reset
GND —4D
B 7-1. SRERE (ERE)
Datafrom — O“‘F’“‘ Port
Shift Register ~ Configuration Register Data
Register 5 Vee
Data from Q1
. .. —1D Q
Shift Register
FF
Write
Configuraton—{ck  Qf— “HD Q PO to P7
Pulse ,_J
FF ESD
. ZS Protection
Write Pulse——————  CK Diode
Output Port \V;
Reagister ss
+D Q \ Input Port
,) ) [ Register Data
FF
Read Puls v CK
cc 1 Interrupt =
:& Input Port ﬂDﬁ MaSkp M toINT
0 Register
Pull-Up/Pull-Down 100 ka
Control
— |
D Q
Input Latch
Register / Latch
Data from
Shift Register b Q Read Puls EN
FF Input Port
Write Input cK Polarity Inversion Lateh
Latch Pulse Register
Data from D Q
Shift Register
FF
Write Polarity
Pulse cK
A, EBRAVEZIZVEY MR, TRTOLVRENT 74V MEIZRD £,
~
& 7-2. PO 705 P7 OB EFER
20 RN T 57— RN 2 (DRSBTS P) 55 Copyright © 2025 Texas Instruments Incorporated
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7.3 HRBESKEA

7.3.11/0 R— F

/O WA S ELTHER SN TWAEA . FET Q1 & Q2 134712720 (B7var 7.2 28 ), @A B —& U ZAANANE
RRSIET, ADEET, BREEIVEW, ek 3.6V £T EAIELIENTEET,

/O BN ELTHERSNTWAEAE. Q1 23 Q2 1T IR —h LUV RFDIREIZIGCTA R —T W ET, 20D
A O B EEEEIE GND ORIEA L E —F L ZADOSANRHNET ., 20 1/0 EAZHIINSN AN E 13, i
UNCENMES B DT DITHESREL ~ L 2B 2 72 WIS T AL ERHVET,

7.3.2 FHEBAFER LTI HE

HAIBRENRIE L U AX 2 3 5E . GPIO OFREIL ~/L & §ilfl 352 L3 CEEd, 4 GPIO I, 4 FEOERL ~L
DOWNF N 1 DIEBNAER TEET, ZNHDOE Y a7l T L0 THILICIY, 22— —XhT U DV RY T O
/O Ry RERENTHT7 40— | BEEELET, K 7-3 12, HAOBEOHIEXKEZRLET, Sy ROBEL, #EKL VA
2 MR —bOT —% HERERE L CAX OEEEZI T ET, HBRENHIEIL A% By g 01b IR T AT D
L 2O0DTANH—DIRT I T 472720, BIEREIRE /)1 50% K FLET,

i

PMOS_ENO

H__|8<

PMOS_EN1 I
Current Control Decod — PMOS_EN[3:0] =
Register ecoder m=
—— NMOS_EN[3:0] o
PMOS_EN2 |:
Configuration | —_
Register
PMOS_EN3
PO to P7
Output Port
Register
—
NMOS_EN3 |
—
I_J:
i<
NMOS_EN2 — .

|

NMOS_EN1

i

NMOS_ENO

R 7-3. WO ERDOHEREER

HZ1BREN SRR, DOV DABRIC Y — VB A AS T ET, BIREIRE 1% T oL, FETLHVAT L
AREWETZENTEE T, 2OV —7EIRITEIE GND o —T DAL Z X AR LTI, /AR (— a8k
B ESNETN, ZUATBO KERFFAL Y F 7 JAA (SSN)) AR LET, DFD, FIFICE<D N Z200
ZDET TR JAREEIRIARXDIAELET, H BB R %2 I BREN R L A X THE 5282k, —H—
T IAMEROE AL A BN 52872 . SSN DR EZ R 52N TExET,

7.3.3 B/YRAZHH (INT)

FIDIABIEREN < A7 SN TRV E | AT =R TOR—IAN DT XTONLL BTy VEIIZE TRV Ty
VNICE S TEWIAL P ERSIVET, ty FFEIRE T 2L INT 15 B3 A TR ET, FIVALEIEKIL, R—F DT
—HPILOFREICRENTEE | FITENIARE LR LR =T =2 NGO EEIC) By hENET, Uty
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ME, A EE—RERFIC SCLEZ DD Ry D% DT 7 /)y (ACK) B NTRAELET, ACK Zry s /v
AHNIFEAT HEFNDIAIL, 2D/ IV AFITEIA L)y hENDHTD | Kb D (FIITHEFIHLARD) ZEndhE
T By MRIZ IO OFZ LA S, INT ELTE SN ET,

DT SAZLD R TOFEA I LEZIAZ L, FIIAR BRI B L EE A, o, HAOELU TS ZE w23 EIDIA
HEFEAESELZLTHVER A 10 ZHADOANTEE T HE EVORENATIR—h LIRZONEE LR
WG o TEIVIAB DA T HATREMEDR DY £,

INT HHAICITA—7"> RLAAEEDRHY . ENALRERE DS VB EA1E Vo ~DINB T N T BV EE T, £
NS DB EIL, 7a—T 4 S OFFIZTEET,

7.3.4 Ut FAJI (RESET)

RESET AJ1&7 % —hL T, Voe BIREZEEL ~WRFF LD | VAT L& UL T 22 R CEET, Uy MAT
NTIE, tw DE/ IR ORE], RESET B2 % Low (2R FFLF 7, TCAL9538 DL AKX L 12C/SMBuUs DAT —h-~ v
L. RESET 2% Low (0) 1Z725& ., 77 4/VNIREEIZZ S vET, RESET 2% High (1) (2725&, P AR—kD 110 L)L
WIS, Fldar b —F &AL CER CEET, 77747 S MEH SN2 WA, 2O AT Vog ~DF
NT T EPIBLE T, RESET BRIz Sb . Input Port LY AX 1% GPIO BV R EEZ KO L C TS
nEd,

735 V7,7 Uty MEUHL

Y7 =T Ve MEOHLIE, PC A2 EDa b —I bR EENEa~ R T, 203V RISHIEL TOS = To
FONAAZK L CEFEHR AR O T 7 4 /L NRRBIZU By b5 04 R A U E4, FE S BICHERESE 72012, 12C
IRADEEREZR AN T, ZONRATT NAADRSHEN S TUVRUVVIRBEIZ T AMERHYET,

V7N =T Uy MERHUIL, L FOFIETERINET,

1. 12C "2z hr—F ) START b2 %15 L £,

2. HTATRLRIL, PHRIBEHDOERTIL a—1o [2C 32 7TRL-Z10000 0000 T, R/IW E v 0 l2EyhLE
9, BEEND AT, 0x00 T,

3. BT a— M BEEA VR —FL TWATNTOTFT/SIA AL, ACK ZEELET, RIW E YA 1 (FiAHL) Ity
RSN TNDRE, T 31 A X NACK Z5F L,

4. BXI)L a—)L TRLANT 7 VoS n5E, 2 ha—71F 0x06 (25 LW T —4D 1 SA DO ZRERELET, T
— X RNANPMMDEDIFGE . TXARTT 7 VoL, Uy LET, 1 DXL S WA IR R EEINT-HE.
2 BZBHUBBEDOASRANIT 7 VoV ENT, TS ATESY ML T 12C Ay —T % 8ELET,

5. F—% (0x08) D 1 NAMREFEENDE, A ba—F(FY T =T VEvb O —r U AR K& T SE5H725H12 STOP
S EELET, AT A AITHRIRL START A EHL . Uy MNIETSNER A,

FROFIENT RTET DL, TAAAIV B FEITLET, ZIUTED, T RTOL P AZEITZ) T S, BRK
ANEOF 74V MBEIZEYET,

7.4 TINA ZADBEEE— R

7.41/°0—=F2> Uty ,

VCC K%'-éjj (OV"’) %Eﬂﬂﬂﬁ‘ék\ %{E%i?ﬁ) VPOR LC@Jéj—éiT\ W%B@/\"U—ﬂ“/ UVE/]\L:J:D TCAL9538 l;‘:U
ToMRREBIREIFSNE T, 2ol Uy MRRBIZMEERS L, TCALI538 DL A& L [2C/SMBus D AT —h <3 1%
ENENOT 7 HVNRBEEICHIH b S E T, XU =V vk B ATV EITHITIE, DR T Voo & Vporp Al FIF T
Mo, HFOEEEE TR TLERHVET,

7.570455345

7.51PC A >%—214 X

W18 12C A AT, VTV Zay2 (SCL) FA &3 VT L 7 —4 (SDA) FA L THREREHILET, T/ ADH T BT

Pt 908X, W OTA 27 T IR CIEOERICER T2 M ENRHVET, 7 —FHRiEIT, NABEY
—IRRETRNEZIZDOH B TEET,
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arha—I%. START &2 42T AL T, ZOFT AL ARLED 12C 5@ 22U ET, START £&44:21%. SCL AR
High ®&&IZ, SDA AJ) [ 17375 High 205 Low (2B 5L T (X 7-4 25 8), START &K{EDOH%, 732D
TRLUA RAIREEESNET, HOIL, T —2Fme v (RIW) & ik EALE v (MSB) ISR E SN ET,

BT RUA NANEZAZTHE, ZOT 3A AL, ACK Bh# D7y 7 7L A High O&X|Z SDA AT | 1%
Low (2925727 /Vvy (ACK) TIRELET, X—F vk T AL ADT R AN 1% START £ftf:& STOP SfFD T4
F3AZEITTEERA,

[2C RATIX, & rayy YOV AORIC 1 DDOF —2 B OBNEELEINET, SDA 1> DF —2 . ey E#o
High A ZHIZEL TWDSBENRHYET, 2O ETTF —% FA40n BT 5L, flflla~<F (START %721
STOP) LL TR EN27-TF (I 7-5 2B H),

arha—71% STOP &% 5E LET, STOP §f:&1%, SCL AJiA High ®&X(Z SDA AJ) | 7173 Low 7
High (&R 452 TF (K 7-4 22 R),

START £:ft:& STOP S DRIZ, TV AIvHDBL L —NAMEBE DO DT —H NANelnth TEET, 8 Ev D4
NARDIZIZ 1 DD ACK B IR E T, L — 308 ACK By MNEIRE T 2RI, MU AIv XL SDA TA 2 &
TAVENHVET, 77 VT %ITHT /SA AL, ACK BIHED 7y 7 FH#A7S High 7SV AD L& SDA TA L N EZTEL
T Low ZHERF CX B892, ACK a7 »ULADRIL SDA FAL T NE D THMNENRBET (K 7-6 5 R), ¥
—ZIRDLY = ARARTRL AR EESN TODEA | F AN ZE L% ACK 24 T2 ENRHET, FfkIC, =
VR =T IH = DT U AI Y DL LT A A D% ACK ZAER T2 ML ENRHVET, w2 EDT-DIZ
1, By Ty TR e — VR O S 27 T LB R BV ET,

A =IO Y —NE KEDAARE =T b ray 7 &Ik, 77 /)Y (NACK) ZERE I, 7—
BT 24— DT AIy 2T L E T, 3 hr—F DL —\E, SDA 4% High IZkFi3 52 TIh
HATWET, ZOHE ., A br—I7 STOP AL TELIONT, MU Ay AT —F FA L Z RN 24BN DY
£

- —-———

1
I
SDA ! N\ 1 / \\ ! /0
! ; T }
| | | |
tols ) N/ AN Pl
I___3 I___2
Start Condition Stop Condition

B 7-4. START {4 & STOP D EE

sbA  / X \

SCL

Data Line |Change

K 7-5. Ev MEGE
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Data Output -
by Transmitter / X

NACK
Data Output Sa
by Receiver = -

ACK
SCL From \_/_\_/_\_
Controller 1 2 8 9
: . t
Start Clock Pulse for
Condition Acknowledgment
7-6.2C NADT7 L/ Vw2
RN AVI—TTAADEE
=
SR vh
7 (MSB) 6 5 4 3 2 1 0 (LSB)
F 542D 2C TRL A H H H L L Al A0 R/W
/0 F—4 /32 P7 P6 P5 P4 P3 P2 P1 PO
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76 LRI TS
7.61 FNAL R T7FLX
7-7 12, TCAL9538 D7 KL A& RLET,

Slave Address RIW

L1lr]1fofofatfad |

\—v—/\_v_/

Fixed Programmable

& 7-7. TCAL9538 D7 KL R
®72.7RUVRAEH

I A 20 [2C RADE— Y hDOTRLA
L L 112 (10 i), 70 (16 1)
L H 113 (10 #E), 71 (16 k)
H L 114 (10 i), 72 (16 1)
H H 115 (10 #£), 73 (16 i)

B4y DT RLAD R DL Y MK FATTHEME (F45 0 £ BXIAL) BERSNET, High (1) 28R

LR BOENIE, Low (0) ZEINT DL EZIALBIELRDET,
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7.6.2 BIIL R ETT R /51 A

TRUA NSASDT 7 IV PN HE NA avba—Fda~<vr R SAMEEELET, 2031/ ME TCAL9538 Dl
PP ARNRAGFESNET, ZOT —% NAMD TN 2 By NE, BEZ TN VA (AT, 17, R, $7-
VIRERR) 2 SB L CVES, Bk 6 £~ R 2SO FAL 4 BT, T8 ADLEIRRERE (Agile 10) Z 5472012
HEDLETHEHASNET, <R SN, BEARREFICOARREFESNET,

FLWa<w U KRB EEINDE, TRURIBESNIZL U AX L, HiLDa< R SAMREESNDET, st Iick->T
TIRARRSIE T, BIFER AR, N—Fo=7 Uy b, 2037 =7 Uy, L O AZ1LT 7 41
FC 00h IZRRESNET,

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

78 H#ELRS Ev b

R73.aAvE N b

LD 2H B IS AR
B7 | B6 | B5 ﬁﬂﬁB4/ 5:33 = B2 | B1 | BO :?(1/6]\%;% il d 7 @%ﬁfﬁﬁﬁ
0 0 0 0 0 0 0 0 00 AS)R—1 INATDFEHERY XXXX XXXX
ol ol oo ool ool 01 R — ’;)jg%gf 111 1111
ololololol o] 1]o 02 e ”ii?gff 0000 0000
ol ool o] ool 1|1 03 Hipk ’;)jﬁggf 1111 1111
ol 1] o] o]o|lolo]o 40 1 BB O ’ﬁ%ﬂ%ﬁ’f 111 1111
ol 1] ool o] o] o1 41 Hy BB AR 1 ’E‘gjﬁ@fy 111 1111
o1 ]olololo]|1]o0 42 ANToF LIRS ’Eéﬁ?ﬁ 0000 0000
o | 1o |o oo | 1] 1 43 TITIT TR AR ANPEIR | 0000 0000
ol 1] o0olo|o|1]o0]o0 44 77 ”7’7:;;;5”7‘/@)3 ’;ﬁ%gf 111 1111
ol 1] ool o] 1] o] 1 45 EDATv RS LAY ’;ﬁéﬁﬁfﬁ 1111 1111
o | 1] 0o ] o 1] 1o 46 HOIA AT — A LU AN | SANDFEZIRD | 0000 0000
ol 1 oo 1| 1] 1|1 4F HA 7 — ML 2 ’;)jg%g;fﬁ 0000 0000

7.6.3 L Xz DgiEq

Input Port L' A% (LY AH 0) IZ1F, EVDMERRL P AXIZE > TANEH IO ELLIZERSIN T EIRRZL,

NIASTRBuYyy LUV S ILE T, Input Port L A TG ARV BT, 2OV VAXZEZALELT
STh, WISV ER A, 7 7ANVME (X) 1E, INT THIMS DY v Lo UL TR EDET, i BB ED /]
(2, BEIALIRENEF SN, ZNEFRBERZ, I Input Port L AXNT 7B ASNDHIE% 12C T/ AT @AIT 52
~ R ASAMBEEESNET,

F7-4.VPRZ 0 (Input Port LR %)

Evh I-7 I-6 I-5 1-4 I-3 I-2 I-1 I-0
F 7 X X X X X X X
26 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TCAL9538
English Data Sheet: SCPS280


https://www.ti.com/product/jp/tcal9538?qgpn=tcal9538
https://www.ti.com/jp/lit/pdf/JAJSN08
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSN08B&partnum=TCAL9538
https://www.ti.com/product/jp/tcal9538?qgpn=tcal9538
https://www.ti.com/lit/pdf/SCPS280

13 TEXAS
INSTRUMENTS TCAL9538
www.ti.comlja-jp JAJSNO8B — NOVEMBER 2022 — REVISED MAY 2025

Output Port L' A% (LU AHZ 1) IZIE, FERKL P AZ TH N EL TERSNTWLE DL TV RY YT LAULARE
NET, ZOLTAZOE Y MEIZ. ANELTERINIEATITRESY 5.2, KEHT, 2OV RZMMBEAHL
oA, RO OME TR, HABREHIHEL THhD 7y 77 ay 7 OIS v E T,
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£75. VR4 1 (Output Port LT R %)

Evh O-7 0-6 O-5 0-4 0-3 0-2 0O-1 0-0
FI IV 1 1 1 1 1 1 1 1

Polarity Inversion L' 2% (L 2% 2) 1, Configuration LY A% T AL CERESNIZE L DRt E [R5 ZEM
TEET, ZOLVASOEYMISRESNDE (MIEHEAL), MIET2H—b E ORPEERIEL ET, ZOLYASO
YRz TENLHE (1012FZATe), KIS T DR —h B OO RS Ed,
£ 7-6. LR 2 (Polarity Inversion LV X %)
Evh P-7 P-6 P-5 P-4 P-3 P-2 P-1 P-0
FIHk 0 0 0 0 0 0 0 0

Configuration L2 2% (LY 2% 3) 1X, 110 B D TiaAREMRLET, ZOLPAZOE Y 1 ITRETDE, T
A=k ENIEmA L= AR IRTANREFE S ANEL TAX—=T MR ET, ZOL P AZDE YN 0127795
&L RIET AR —F AT I EL T R—T U0 ET,

&K 7-7. U R# 3 (Configuration PR %)
Evh C-7 C-6 C-5 C-4 C-3 C-2 C-1 C-0
F7Vh 1 1 1 1 1 1 1 1

H S ERENIREL 22 1% . P AR—hd GPIO /Ny 7 7D H HEREIL ~ L& HIEILET, & GPIO IE. 2 DDLU AXDH
ey b AL T, BEEOHERL -~ WL T 5283 TEE T, 72T, A—h PO7 (ILYRF 41 (B
k7 BEV6) THIEZIL, A—F P06 IZL-T A% 41 (Evh 5 BEW 4) THIEZ L, LT HFEIERTT, GPIO D HY /5K
L ~LE, 00b = 0.25x OEXENFEEE, 01b = 0.5x DOBRENFHE . 10b = 0.75x OBREYFHE, 11b = 5EEBFXE) IR DORE
HEFES Ix Ic7ar 7080 %7,

£ 7-8. LY R¥ 40 LU 41 (Output Drive Strength L2 %)

EY cc3 | cc3 | cc2 | cc2 | cc1 | cc1 | cco | cco
FIHk 1 1 1 1 1 1 1 1

Eoh cc7 | cc7 | cc6 | cce | cc5 | ccs5 | cca | cc4
FIFNb 1 1 1 1 1 1 1 1

Input Latch LY AZ 1% P AR —bh®D GPIO B> D AN 7o FREEZ AR —T )V | T 48— MZLET, ZOVTVAHZIX,
EVNATIR =L TSI T DG B IO AR T, Input Latch L2 B2y 0 DEE | (ST HAE Y
DIRBEITT v F SHNER o KIETHANE L OREREAT DL, FIVIABRNEELET, AL VAZOFRAHLE
118, BIVIARIIZV T ENET, ANBEYIOaYy ZREIZR > ThHH, AR —K LUAZZFEA T L, FI0IAZ
1I7VT7SET,

Input Latch L'2% vk 1 [Ty hEhbde, sHsT2AE L ORER Ty FSET, AJPREENZLT 58, F
VIABZDBFEAL, ATy IENRATIR—R LYUAZ (LU AZ 0 BLO 1) OxbEE Yy Mor—REhvEd, AFR—h
LI RB ZR AT e BIVIAZIIZV T ENET, 72720 AR —F LORZEFRA M T RIS, AR RNeouayyy
REBICRDE, BIARIZVTENT . ASIR—F LORZOFGT HE Y ML, BIVIABRBBIRES =02y ZE DM
FranEd,

Teez X P4 ATIR ey y 7 0 REEIZHY, Zhrbryyr 1 IREBISER LT, FURY Y2 0 IREEIZESE ., Input
Port LY AZIZDZEALE IR T, FIVIABBAERSNET (FAZSILTWORWGR), Input Port 0 LY 2% THi A HY
MNIEITENDE, BIAIRIZ T Ed, FIVLAETEIL LT Aoz b B 72 X3, Input Port LU AXDE K 4 1%
MZHAHLET, AJJHR—F LYRZOE YN 4 OROFEHHUAEIL, ZOREETI0JIZRET,

T FENTORWANET v F SN AT OIRRENRIRHZEIEDY | ENNHIEDIRIEIZR DL FIVIATMIT 774
TOEEERVES, ANV VA EZTH T L, Ty F SN AT DIREEALD B BS I, BIVIALS 2T SHvE
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T AT F LIOAEZN T F SN RER STy TF SN TORVERIZE bAE . AT1Oaly ZERTTOIREEBIZRS
HAIT T BRIV T ENET,

AN BT FENTZATIINET T EN TV ATNITE DD L, Input Port L AX B0 F A LI, BIEDR
—h vl LUVBKBENET, AU BT TSN TORWATINLT T EINTZANICEDDE, A)‘Jlx/x&
PHDFHAHUIZIZT v T Snfza vy LoV S vE T,

£79. UPRZ 42 (Input Latch L PR #%)
Ewk L7 L-6 L5 L-4 L3 L-2 L1 L-0
FIHR 0 0 0 0 0 0 0 0

Pull-Up/Pull-Down Enable L 2% %l fl+5L. GPIO L DT NVT v 7 | FAE I ARGEAR—T N | T4 —T
JNZTHIENTEET, BEvbhaury s 112evh T8 TAT YT | AT ARGUERIRT HZENTEET, Evh
wrYyr 012ty 58, GPIO BV T NT v | TAE T ARBIN UK SIVE T, GPIO Z#H 1L TR T 5
&L HPUET =T 2720 £, Pull-Up/Pull-Down Selection L U AX &3 5L, 7T v 7 I E- 37 2w
VERBLOWT N ERIRT D2 ENTEET,
&£ 7-10. L2 X4 43 (Pull-Up/Pull-Down Enable L2 X #)

vk PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | PE-1 | PE-0

FIHb 0 0 0 0 0 0 0 0

Pull-Up/Pull-Down Selection L 2Z %4 5& ZNENDLIAZ Ey a7 ur I 535281280, % GPIO @
TNT T R/LOT N T ARBUERE R T DN TEET, t“/b%:m‘/“/&1 ICRRETDE, TD GPIO A% LT
100kQ O AT v 7 HBIBNBIRSNET, Evhanyys 0 ICRETDHE. ZD GPIO E XL T 100kQ O /L&
VHFLSEBIRESNE T, LUAZ B AL CINAT v | IAE T NEREE T 4 — T T BE, INHDL U RH|T
EXALEITHTH GPIO BB IHV EE A,

£ 7-11. LR # 44 (Pull-Up/Pull-Down Selection L X %)
Evh PUD-7 | PUD-6 | PUD-5 | PUD-4 | PUD-3 | PUD-2 | PUD-1 | PUD-0

YaZsviay 1 1 1 1 1 1 1 1

BIRA BRI, Interrupt Mask L VAZ LT 74N hDryy s 1 128y hSiL, AT AOREIRF XEIIARITT &
— T IRV ET, BIVIABZA X —T T DT, T D7 A7 Evbharyy7 012ty LET,

ATPIRRENZEALL . Interrupt Mask L AZ Dt EE Y RS 1127258 | BIIAIEI Y AZSHL, FIVIABRE LT —h&
NEREA, BVIAARTAT LIAZDOXIGE YIS 0 12y haSnde, BI0AHLE BT —hSIVET,

ANTTIRIENZEALL, ZOFEFLL CTEIIAR N~ ATSNDHE, Interrupt Mask L AKX B b 0 (kY52 81280,
FNIAZRE L BT —hEE T, B TT TIZEIIAZ DY — A2/ 5 TWAB AN DOEIIAIZ~ AT B 1128y
rEBE AR E L OT —NMIfRERSIET,

£ 712. LI R# 45 (Interrupt Mask L2 X %)
Evh M-7 M-6 M-5 M-4 M-3 M-2 M-1 M-0
FIHVh 1 1 1 1 1 1 1 1

Interrupt Status L AH L, BIVIAIRD Y — A& BT D720 25 A BV EHAL VAZ T, Gt LR ey
w7 1 OYE . MG THANEATENABRDY —ATHHZEERLTWET, avy”7 0 DA AJTEAXEIIA A
DY —=ATIERNZEZRLTOET, Interrupt Status L AZORE v RS 1 128y hENDE (vAZ7END), EVA
AT —HA EyMNIaYy7 0 IZRVET,

F 7-13. L R # 46 (Interrupt Status LV X %)
] Bk \ S7 \ 56 \ S5 \ S-4 \ S-3 \ S-2 \ S-1 \ S0 \

Copyright © 2025 Texas Instruments Incorporated BHEHI BT 57— w2 (DB RSB &) &35 29

Product Folder Links: TCAL9538
English Data Sheet: SCPS280


https://www.ti.com/jp
https://www.ti.com/product/jp/tcal9538?qgpn=tcal9538
https://www.ti.com/jp/lit/pdf/JAJSN08
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSN08B&partnum=TCAL9538
https://www.ti.com/product/jp/tcal9538?qgpn=tcal9538
https://www.ti.com/lit/pdf/SCPS280

13 TEXAS

TCAL9538 INSTRUMENTS
JAJSNO8B — NOVEMBER 2022 — REVISED MAY 2025 www.ti.comlja-jp
+ 7-13. PR # 46 (Interrupt Status L PR ¥) (fiX)

[ roem | 0 [0 [0 | o [ o [ 0o | o | o]

Output Port Configuration LY A %, IR—hENL CTT o a Wt —7 0 RLAv A BN EEIN TEEd, oy
w7 01y h 28 110 27y a7 NV ELUTHERLET (Q1 BLO Q2 IZT7 774712720 E T, K 7-2 22 ), vy
w7 1By 10 A —7 0 RUAELUTHERRLET (Q1 IZT7 08 —7 1, Q2777 47), Fic, #ilEa~
R v —%4 A%, Configuration L' A% (03) THR—hk EL a2 EL TRy NI DRIC, 2OV VAKX (4F) 27075
THIETT,

RT7-14. VO RY 4F (HHhR— MBREL PR %)
ek T ODEN-0
F7 4k 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 0

7.64/NX fS2H S 53>
F—H%, EXALBLOGARYa~v R EA LT, 2 ha—5L TCAL9538 DR TAA SN E T,
7.6.41 BX5A%

TCAL9538 |27 — 2% E(ETHI0IE, /3R TRLAE#EL T, i FALE b (LSB) #1Yv2 0 Iy LET (7
SYR TRURIZHONTIE, [0 7-7 28 ), TRLADBICa< R AAMBEESH, 3w R SO RADT — 2%
ZETHLUAFERELE T, 1 BIOEBZIALTEEINDGT — SAMUZHIBRIZH D EE A,

SCL 123\ /4 /5 6\ 7\ /8\ 9 ce e ‘
Target Address ‘ Command Byte ‘ Data to Port 0 ‘ Data to Port 1 \
/ ‘ / T T T T T T T ‘ / T T T T T T T ‘ / T T T T T T T ‘
soA [s[1]1]1 o] o]at]azlo[Tal 0T 070 070 07 17 0]lafor Data 0 0.0la f17 Data 1 10(p [P |
‘ 1 1 1 1 1 1 1 ‘+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 *
Start Condition R/W \Acknowledge \Acknowledge ‘Acknowledge | Stop
‘From Target ‘From Target From Target ‘ Condition
Write to Port % % | l‘_\
| | | 1
Data Out from Port 0 { { { X \
x 1 il
| | gl |
|
Data Out from Port 1 \ \ \ Data Valid | x‘
| | | tH
79. WAR—bF VLPRIANDEEAH
scL 12 34\ /5\Je\J7\Js\y o\ 1\ 2\ /3 4\ /5 Je\J7\J8Lyo\J1\ 2\ J3\ J4 eLJ7U/8Loy 12 /3 J4LJ5 e e o
Target Address ‘ Command Byte ‘ Data to Register ‘ Data to Register
‘ T T T T T T T ‘ 1 T T T T T T ‘ 1 T 1 T T T T
spa[s|1]1][1]ofo[a]acfofiafo 0 0 0 0 1 1 ofa|mss Data 0 LS| A [sB Data tsefa|p|
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ol x i T
Start Condition R/W ‘Acknowledge ‘Acknowledge ‘Acknowledge Stop
From Target From Target From Target Condition

7-10. B L PR NDEERAH

7.6.4.2 Bi MY

N b= RN, BYv7 0128y L7z LSB Z{IMIL7z TCAL9538 DT KL A% E(ETHMENRHVET (7
INAADT RLAZOWTE M 7-7 B 8), TRVADRIZ, A~ RN SAMREL T 77 BEATHL VAR ZRTFELE
‘g—o
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F—2% ACK 7y 7 2OV ADSES ERN Ty P TP AZICEZAENE T, 1 BOHAH UL TZE 5T —4
ISA N _%IJBE IHVEREAN, D AANEZETHEX, NA o =T 3T —HZT 7 VP ZIRLER A,

Data From Lower

Acknowledge Acknowledge Acknowledge or Upper Byte  acknowledge
Target Address From Target From Target Target Address From Target of Register rom Controller
/ T T T T T T T 1 T T T T T T ¢
[sT1]1] 1] o] o]af]ac] o]a] commandByte ~ [A|s[1]1[1]o[o]atfao]1[A]|msB Data LSB A:/
1 1 1 1 1 1 1 1 1 1 1 1 1 1
Y 7'y
. [ ¢— First Byte ———p
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

o

1
e o o|usB Data 18| naf p|
L L L L L L L
Y A +
<4— Last Byte ——P Stop

Condition
1. VORI DS DHERHAIY
scL N AW AW W W WAV AY VAW AN AW AWAVAVAVAWAWAWAWAW AWACE
Target Address } Data From Port ‘ Data From Port ‘
Il I I
‘ T T T T T { T T T T T
S I N ) A 1Y I = T [
"start RW ﬁ ACK From ﬁ ACK From NACK Frorhf ‘T)Stop
Condition | Target | Controller Controller Condition
Read From
Port h

Data ZX Data 3 Data 5

Data Into
Port * ‘ ‘ Data 4 X

|
|
— — ths {
|

i —
|
|
l
|

-
°
=

\
‘ | INT is cleared
‘ ‘ by Read from Port
INT ‘ P % | I—&—' Stop not needed
to clear INT
|v4’i Lﬁ tir — l‘*
A T —ZOEREIE, STOP KIFCEVWOTHEILTEET, ZOEE HHOT I /oY 72— GRS HT —FBEMNIR0ET (e —

R) ZHUT, TR NSARBRZZETOR ST 00 (Input Port L P AZ OFEAED) ISR ESH TWDLOLIEL TWET,
B. ZOKTIE EHOF—5 v TRVARFGHHLE, P R—FMroDEEEDT —FHRELOM TIThND, A5 R ASAMERE, fHEE), BLO0¥—
Ty TRUAEOGH LA S CONET (K 7-11 23],

712. AhR—b LORSDHRARY
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87TV —a bRE

-

LT OT7 7V r—a ML, TF R AL AL A OB ARRICE ENAED TIFARL, T A A2
AN ANTEDIEREED B BB IREWVT-LER A, 4 O BT 28 O@BEMEIZ YW T, B
BERROBELTHIBIL QO EIZe0ET, BERITE T ORGHEEEZRIEL T AN HZET, VAT A
DO REZHER T DM ENHVET,

84 77U — g gl

TCAL9538 (X, ZDOT NAANK—4 LT 12C avba—7 (Faty¥h) [ZHEHINTWDET 7 U r—rar Cfibi
FT, B, TO 12C NAZE, OX— R TARAARN DEHE ST TH M ENFEF A, TCALIS38 (Tt
—IDBEENTZ ST T, A b — IR EI TR T A0 EOH S GPIO DI ESIVET,

82REJMET V-3
IZ. TCAL9538 %l AT 727 7V r—armmLET,

Vee T
16 2kQ 100 k
Vece 10 kQ"< 10 kQ"K 10 kQ< 10 kQ: (x3)
5 vcc
SDA[¢— P SDA PO 4 N Subsystem 1
" (e.g., temperature sensor)
Master scL o1 seL ) o
Controller pP1 < . INT
INT| < 81 INT
3 P2 f8
RESET »1 RESET »| RESET
7
P3
GND
TCAL9538 Subsystem 2
9, (e.g., counter)
P4 [
10, 0
p5 [ A
P6 |11 . \? Controlled Device
2 A ENABLH (e.g., CBT device)
P7 |12
Y A0 B )
GND ALARM
8
T Subsystem 3
= (e.g., alarm system)
T
O”w_/\/\/\/— Vce
A, ZOBITIE, FAALR TR 2% 1110000 (2% EL TUVET,
B. PO, P2, P3 I /1L TS TOVET,
C. P1.P4 P5IZAELTHI SN TWET,
D. 77— 7 ZR5AReMDHD (P AN—h o) AT SETT, FIANTIVATN BT 0 —T 4 7 ITebI0 DO ThHIUE, i
RETT, 1)1 (P R—bRN) 1T VT 7T IREUIAZETT,
K 8-1. K&XMIET7 7V —2 3V EIEH
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8.2.1 51 EL
xR 81. FEt/NTA =%
G R—H FfEDH

EIREE (Vo) 1.8V

HAEFRER . P A—k 27 (IoL) 25mA

B ER. P AR—k V—2 (lon) 10mA

I2C /32 7wy (SCL) ¥R T 1MHz

8.2.2 H#mREFINE

SCL BX W SDA 714> D7 VT w7 Pl Rp 1%, I2C RA EDOTRCOX—F DA HAEEEZEEL T, MUNIGER
THAVENHVET, /N AT 7B, RO IHI VCC\ VOL,(max)\ |o|_ DEIETT,

Vee — Vol
Ry(min) = ToL (maz) (1)

KT NVT T HEPUT, RO IR KRS LRV t, (BT —F 77 AEERFIL 120ns, fgg = 1IMHZ) &/3A%F
% Cb @E’gi’;ﬁw@‘ﬂ—o

tT
Rp(max) = 08273 % ) (2)

12C NAD IR ANAK BT, BT —R /137 7 A B—R#EET 400pF, £72137 7 ANE—R 7*ZAT 550pF %
ZIRNINTT BMENRDHY ET, AR &L, TCAL9538 D4 &, SCL ™ C;, SDA @ Ci, ZMHEL TLLL TEES, =
U, FefR, 5kt fL— X, BLOARZ LB —F v DR BEEMAET,

8.2.2.11/0 T LED Z#ItHl3 3IBED Icc /ML

8-2 | &I, LED ZHiHI T 27212 110 ZAE5356 il | 1/0 1THEHTA LT Ve Tk siLET, P ARA—h
DA ELTHERR SN COD A V) 28 Voe /NS DIZ N OB BT IIREL/2DET, LED 1ZAL v a/LRE
£ V1 DX AA—RTHY, P R— R AN ELTHER SN TODEA . LED 134712720 E3, LL, P R—hDOEEIX
VCCPCC CC_V &%L<iﬁ@iﬁ—0

Ny TVRENDOT 7V r—a TiE, P R—FR AT EL TR SHIEE BT R NRICIZ b T D 6 LED &
HE9% P AR—FORBEEIE Voe LRIUNENLLEIZT DM ENHYET, X 8-2 12, LED LASNIERE LIED RKE72
HEhiaRLET, X 8-3 Tid, Voo 2% LED BIFEELDG D72t Vr EHHEZR>TWET, ZOHIEITE GO,
110 @ V| % Ve ERITHENLLLICHERFL T, P AR—F A ELTHERLS T LED 2347 DL ThH | HEBIROHN
ERFEET,

Vee

LED 100 kQ
Vee N

LEDx

B 8-2. LED &35 ICERE L /= fEDKE /5B
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1.8V 33V
Vee LED
N
LEDx

8-3. EBETHIBZTNBETNAR
823 77V or—= 5 HikR

25
—— Standard-mode
\ —— Fast-mode
20 \ —— Fast-mode plus
\
g 15
= \\
x
£ N
& 10 \\\
A S~
5 \
T —
\ —
T —
o —
0 50 100 150 200 250 300 350 400 450
Cp pF)
AL —R FT—]: fscL = 100kHz t.=1us
T AR E— R fsoL = 400kHz t. = 300ns
Ty AN T—R 7T fscL = 1MHz t. = 120ns

A

8-4. RKTIVT v T (Rp(max)) ENRBE (Cp) E DR

34
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8.3 BERICEIT H#RHEIR

8.3.1/O—F> Uty FOEH

TV F 0T —FRDBREAELSG G U —F 2 Uy MEREZ L T TCAL9538 27 7 4 /L MRAEICU By hT&E S
o NT—=F Ve M FATT DI, 7T AAAZ BRI By Mo\ T — AV VAT TSEDUERHYET, 2DV
ByME T IV =2 al TTF AL ZDBIRERN D TH AT LI EEITHIAELET,

8-5 L[X| 8-6 |Z. 2 FEFHAD /NU—F L Uk R LET,

Vee

Ramp-Up

I T : > Time
« Vee RT—> -~ VcchT—h‘ Time to Re-Ramp « Vec RT—>
B 8-5.VI(302VE/AEIZOVETRSETETLTHAS, BEERLET
Vee
A ! Ramp-Down ! ! Ramp-Up !
| | | |
: FVCC_TRR_VPORSO—% :
| Vindrops below POR levels ™\ ‘ 1 1
j j j j > Time
| |

| | Time to Re-Ramp
w— Ve Fr—> «—— Vce RT—¥

K 8-6.VIXPORALY Y a)/RETRSETETLTIS, BELRLET
#8212, Wi FDOEAT DU —F 2 Ve MI-DOWT, TCALB416 D/ U —F o Uy MEREDMEEZ R L ET,
K82 WREINBER— T 5ESVyT L—F

P$TA— 1) 2 o 2w
W _ P
ter B FAYL—] gsu? EBHLTC 0.1 2000| ms
trT B EAYL—h 8-5 &M 0.1 2000| ms
trrRr_GND 77 Wi (Voc 2 GND £ TR T35 4 8-5 & 1 us
tTRR_POR50 77 (Vee H VPORiMIN -50mV if{ﬁ?jﬁé%ﬁ) 8-6 MR 1 Hs
VIZZVyFRRAETHILTDHDDV = 1us DESITRREDRIE | ) 0 5 s
Vee_gH LA~ 8-7 =5l 10| V
tew V = 0.5 x Voo DEXIT, BERENIEHEL RNy T 8-7 &M 10 us
VpoRF Vee B TFRVERD POR OFEERN YT RAV b 0.6 \
VPoRR Ve 6 EAWIED POR DEER 7 RAU b 10| V
(1) Ta=25C (FFIFLRDZRVERY),
(2)  RTAR, FFHILVHESNTOET,
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BIROT VY TIE, ZOT RARDRT—F 2 Uy MERRICH A KT T AR D £, 7Yy T il (Vee_ow) &F
& (Ve o) IEAVWKIFLET, SARAER V=R AL —FUA THAA =L AL, T —F Uty
PEERICR B ST N T, ZRODOAREORIE FIEOFENC OV TIL, [X 8-7 &% 8-2 2B R TIZE,

Vee

> Time

8-7. VU yFiRET Y vy FHS

Vpor 1&. 73U —2> Uy MIAR AR TY, Vpor 1. VBV RRIEN RIS, TR TDOLPAZ L 12C/SMBus A7 —h
TV UNT 7 AV NREEICHIEUE SN A EEL L TT, Vpor PEIE, 0 1K F 9520y, F213 0 SIK FLZ V IDE
CTEDVET, FEMICOWTIL, 4 8-8 3k 8-2 B ML T/ZEY,

Vee
A
VporR |~ — — — — >
VpoRF | — — —
P- Time
POR
A
> Time
I I
[ [
@ 8-8 VPOR
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84ULM47U b

841 LA 7D FDHFAL FZ1>

?“/*‘4}@1?%5@%43@1%?571 L R TV M (PCB) VAT U RERNIIHE S TIES W, A B —F U RBEE
ZENATRE | BT — ARk Fa'é?“é%@ﬁﬁ@iif/\ X, 12C E 50 E CIIRIEIC R £ AL,

T _XTD PCB LATUMIBWT, [FHIN—AZEAIZHIT 22l BRI (IC) DL fFaBENLERIZE L —2A
DHVMZEEN T IDITHEE D28, BIRET T RITREFEEND KB N —ANIDZLDOEREZREDLLIOIT, b
—2MEE KL THZEEZHRLET, A 2ABLOT Hy VT arF oL, BIRY L OBIELHIET57-0125<
ERENET, JoKRE o F o2 H-+58 AR OBV FNEAEL-BISBINOE AR & E, £
7o KOS ar F o 2RI BWABEEDOVy LV ERETEET, 2NHOar T Uk, TEXBRY
TCAL9538 DifIZEEL TZEW, K 8-9 12, ZNHDORAN TF77 T 4 AR LET,

8-9 LRI LATUMITIL, E BRI E LEEE AL, BIREZ TR (GND) 12/ EI 7L —o LTl R % fE
THIET, 2 JFDHD PCB 2RI 2T LN TEET, 72721 5 S RE B O @ B TIE, 4 J8 R RS E
T MM 4 J# PCB Ti, (5 5& i BB A FEICEURL, WED 1 @E7 TR T — REAICL T, m 150
V‘?pfﬂ):%ﬁ: ERT L — HAICLET, BRES TURICT L= F3 0BTV — 2 A T2 ER A T RO A,

VR ET-13 GND ITHEE T 2 LN D2 K TSy RO CRRICE T ZBLE L, &7 % PHSE %7- iﬁéﬁi@}iﬁ
MICERMICHRL L E T ET 1 5537 — U RO SO T2 B BB D L5 A T SIET 2, 20
FiEF K 8-9 [ZidTRahTVER A,

84.2 L1470 A
LEGEND

'_-_-: Power or GND Plane

O VIAto Power Plane
21 VIAto GND Plane

By-pass/De-coupling
capacitors

TCAL9538

8
S P5 g
S
P4 &
8-9. TCAL9538 DL 4 7Y b
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ITNARBLURF AV FOYR—F

91 R*a A MOEFEMERITINSFHiE

RF¥2 A RO EHIZ DWW T OB EZ T IDITIE ., www.tij.co.jp DT /SARBLL 7 4 L Z BV TLIEEW, (@A) 27
Uy 7L TR R 58 BRINTZT R TORMERICBETAX AV AN IS TIAZENTEET, AREOFEMIC
DNTIE, WETENTERF 2 A MIE N TV DEGTIEREEZ Z B <IEE0,

9.2 YR—pFr-VVY—2R

FEXP R AL AL ALY E2E™ R —h T4 —F AlE, TP =T BRIEFE ORI LB T A8 Mo 28
— IO RGEDDEBESAZEN TEXALGET T, BEFEORIEERR LD, ME OEME LIV T52L T, it
TR XA RIS N TEET,

Vo 7S3TN3ar 7o V0E, FEREICIVIBUROFEE RIS NDIHOTT, TNHIRTF TR A AV LAY D
BEARERS T A D TIEAL BT LHTIX VR AL AV AY D IR E KM LT D TSI EE A, TR A2
VALY DIFE S EZIRLTIZEN,

9.3 BE

THxY R A AV VA Y E2E™ is a trademark of Texas Instruments.
T RCOBEEL, TNETNOAEICFBELET,

9.4 HEBIMEBICEHT S EEHRER

ZD IC 1%, ESD ([CE > THHR T FREMERHVE S, TF A AL AV LAY T, IC ZEFOBIIIE ICHE B L O s

A EHERLET, ELOROROBEOR B FIEICIEDR VA, 7 A AR T 5B Zh b T,
A\ ESD ICLBMARIE, DT RMREIE T DT A ADTE R E TGOV ET, K72 IC DY E, /STA—F A DT

AL T 272 TARSITO DR DIND FTREMER D720 | DS LR T <R TVET,

9.5 &g

FXA R ARV AY R ZOMFEEIZIX, HREPIGEO—E B L OVERDFLHIN TWVET,

10 KETREE

BRE S REOFFIIUGETER L CWET, ZOUGTERRITRFERIZEL T ET,

Changes from Revision A (November 2023) to Revision B (May 2025) Page

o R /DIN=FT2T TRLAELTIE 2 DDT ASAZRMEH A GE | 2 [/ N—RT =7 TRLA B TlE 4 DOF A
O Ay I N = L N B <R TRTRTRTR T 1

o THEE)DEYE B DI AT 4o F— LIRS ET 74V MBI B MET 2 HIBR . e 19

o HEDERY 6 TIHEHOT NAARETFA )2 TR K 4 DOT 3 AT ] B e 19

Changes from Revision * (November 2022) to Revision A (November 2023) Page

o RFX2AURDAT —H 2% HFHER IO T EPET N T oot 1

1M ARZAII, Nyo—2, BLUENER

LB DR—N T A =T Ry r—2  BEOEZE T2 MRS SN TOET, ZOFHRIE FBEDT A
ANZOWTHIM FRER R T DT —FTY, ZOT =X ITERIERSNDIEDRDHY | RFa A PBRBETESNLHEBH
VET, KT =22 —bD7 TU VA S TODIGE T, B A OBEZZETE30,
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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 ©)
@ )
TCAL9538DTUR Active Production X2QFN (DTU) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 NJ
TCAL9538DTUR.A Active Production X2QFN (DTU) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 NJ
TCAL9538PWR Active Production TSSOP (PW) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL9538
TCAL9538PWR.A Active Production TSSOP (PW) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TL9538
TCAL9538PWR.B Active Production TSSOP (PW) | 16 3000 | LARGE T&R - NIPDAU Level-1-260C-UNLIM -40 to 125 TL9538
TCAL9538RSVR Active Production UQFN (RSV) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 9538
TCAL9538RSVR.A Active Production UQFN (RSV) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 9538

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

@ Mmaterial 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.

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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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O 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
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TCAL9538DTUR X2QFN DTU 16 3000 180.0 9.5 175 | 175 | 05 4.0 8.0 Q1
TCAL9538PWR TSSOP PW 16 3000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TCAL9538RSVR UQFN RSV 16 3000 178.0 13.5 2.1 29 0.75 4.0 12.0 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)

TCAL9538DTUR X2QFN DTU 16 3000 189.0 185.0 36.0
TCAL9538PWR TSSOP PW 16 3000 353.0 353.0 32.0
TCAL9538RSVR UQFN RSV 16 3000 189.0 185.0 36.0

Pack Materials-Page 2




PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14)(
1] e
— 4= -
— —
2X
51 | 1
4.9
— —
— — 4X (0°-12°)
Y — jzgf
° L 16x 9-30
B] 45 0 . 0.17 —

4.3 y
S0 [c[Ale]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/B  12/2023

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.

(G20 w N

INSTRUMENTS
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/B 12/2023

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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www.ti.com




EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

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

4220204/B 12/2023

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.

INSTRUMENTS
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PACKAGE OUTLINE

DTUOO16A - 0.4 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
PINAL— [
INDEX AREA
1.65
1.55
e L
SEATING PLANE
0.4
03

0.22
0.12

le— (0.115) TYP
W r (0.115) TYP

[J16X 052 —»] ¢
I

|

|

[t

[+
1 2 3 4 TYP
0.4]TyP
[1.2]

0.1) —

(0.25)

4228238/B 03/2022

NOTES:

PicoStar is a trademark of Texas Instruments.

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
DTUOO16A X2QFN - 0.4 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

ri (1) TYP —————

i( e ﬂ ‘ (RO.05) TYP

11 ‘2 ‘ 3 4
|

631 O
1A |
©04)TYP | |
L ‘

G 00 0

w2)TYP —— lfff,i,i,jg\’”\"

=

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:50X

0.0325 MAX 0.0325 MIN METAL UNDER
SOLDER MASK
/ B\EXPOSED

SOLDER MASK METAL EXPOSED
OPENING METAL
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4228238/B 03/2022

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
DTUOO16A X2QFN - 0.4 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

ri (1.2) TYP 47

~ (0.4) TYP ‘ — 16X (J0.17)
M -
R
T +
|
(0.4) TYP ! ‘
|
SR e
° | SYMM
|
@2)TYP —— - — - — b

SOLDER PASTE EXAMPLE
BASED ON 0.0625 mm THICK STENCIL
SCALE:50X

4228238/B 03/2022

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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GENERIC PACKAGE VIEW
RSV 16 UQFN - 0.55 mm max height

1.8 x 2.6, 0.4 mm pitch ULTRA THIN 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.

- _
= 2

4231225/A
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% PACKAGE OUTLINE
RSVO0016A UQFN - 0.55 mm max height

ULTRA THIN QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—

2.65
2.55

i
0.55
0.45
B W =
' |
0.05
0.00
212
L SYMM (0.13) TYP
! ~
54 T 48 +0 45
u H ‘ H m 15X 035
T
4
. et
symm |
2X|1.2 ¢c—H-—-—+ — - —— 1
=
12x[0.4] | 4
T — ] o
| 0.070) |C|A|B
T l H H & WH—LH
16 13
8:22 PIN 11D

(45° X 0.1)

4220314/C 02/2020

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.
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EXAMPLE BOARD LAYOUT
RSVO0016A UQFN - 0.55 mm max height

ULTRA THIN QUAD FLATPACK - NO LEAD

16 SEE SOLDER MASK
DETAIL
i
16X (0.2) 1 )

e

T SYMM
12X (0.4) (2.4)

1

(R0.05) TYP

15X (0.6) 4—-—-—t

]

5
|

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 25X

0.05 MIN
0.05 MAX
aLL Q05 MAX r ALL AROUND/ B T

/ ! METAL UNDER

METAL EDGE | / SOLDER MASK
I
I
I

EXPOSED METAL T\ SOLDER MASK EXPOSED/ T SOLDER MASK

OPENING METAL |

NON SOLDER MASK
DEFINED SOLDER MASK DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4220314/C 02/2020

NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RSVO0016A UQFN - 0.55 mm max height

ULTRA THIN QUAD FLATPACK - NO LEAD

|
|
15X (0.6) | G fffff
|
|
|
|
1

-

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 25X

4220314/C 02/2020

NOTES: (continued)

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