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10E 1 I N A MIAFR—=T N T 7747 Low

1A1 2 | SN FeR A AS

2Y4 3 o RLy 2, FrFL 4 A

1A2 4 | NI A, Fxx 2 AT

2Y3 5 o Ru2 2, FrFL 3 A

1A3 6 | Rer A, FrF 3 A

2Y2 7 o SRy 2 Fx L 2 A

1A4 8 I N7 A, Frx 4 AT

2Y1 9 o SRy 2, Fx A HA

GND 10 G JIR

2A1 11 | Rey 2, FxF A AS

1Y4 12 o SRy, Fx L 4 D

2A2 13 | Ry 2, FxF 2 AS
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H S COBERERMPN (i oz gy) ¢
B/ME BRfE =774
Voo ) ‘@r%ﬁl 05 L
Vi 7y BIE R -0.5 7 Y
Vo EA Y= AL BIRA 7R T H I ICHIINS NS B i (2) -0.5 7 Y,
Vo 7B EREFR) 05 Vec+05 \Y;
Ik NS0 T E <-0.5V -20 mA
lok HHor o7& Vo < -0.5V %7213 Vo > Ve + 0.5V +20 mA
lo HLGE Y )RR Vo = 0~V¢e +25 mA
Ve £721% GND Zidi 3 2t ) B +75 mA
Tetg RIFIRE -65 150 °C
(1) REARATESS ZRBATBIWEL, T AR % 52 D TTHENEA DY £, TR R 113, CNBORAICBNT, S 4

Efﬁxfﬁh RSN AEZ R Z DOV DA TH AR B IELKENET 5T L 2RO Tl

— PRI

HVET,

(2) AkHnE

5.2 ESD E4&

S ERSENASFLCh, AN EH I OBIEEMEBZHIENHVET,

PEREIC R UL, T A ADFMEENET 5 T h

THVEE A, THEX Hiﬁ;ﬁi%ﬂﬁ Eii
[HESEE (RSt | OFEPA A B 2B S E D06 Mﬁ‘lﬁbT/Vfo) BEHAZIT LD TIEHYEE AN, FTERIIIBEREL 720
Wﬁﬁ'@zﬁi‘zﬁ?)”)i’ﬂ ZOFETT NAAETESE DL, T A ADEENME, BERE

EMERS

i BT

V(Esp)

R

AEEF /1 (HBM), ANSI/ESDA/JEDEC JS-001 #E#L("

+2000

F A A5 #BE T L (CDM), ANSI/ESDA/JEDEC JS-002 #:#ilL (2)

+1000

(1)
)

JEDEC F&=Ak JEP155 (213, 500V HBM Tl
JEDEC F&=Ak JEP157 (2

FHEHERY 72 ESD B bR 2L e e
1%, 250V CDM Th il

RELENFRE TH DL LRSI TNET,

TEEHERY2 ESD B m e AN Z 70 UIED FTRE TH O LRSI TOET,

5.3 #REERH
B AT COMFIRERPAN (FrZFd 7R BRY)
A BH \ it B/ME RAME| BT
Vee EIRET 1.65 5.5 \Y,
Vi AFTESE 0 55 v
Vo Hi 18T 0 Vee v
Vee = 1.65V~2V 1.1
e High L1 Ve = 2.25V~2.75V 1.28 y
Vee = 3V~3.6V 1.45
Vee = 4.5V~5.5V 2
Vee = 1.65V~2V 0.51
v P— Vee = 2.25V~2.75V 0.65 y
Vee = 3V~3.6V 075
Vee = 4.5V~5.5V 0.8
Vee = 1.6V~2V 8
lo O Ve = 2.25V~2.75V +15 mA
Vee = 3.3V~5.0V +25
AtiAv ???ﬁ ?ﬁtﬂmmimi“’ Ve = 1.6V~5.0V 20 nsiV
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BB ) BT
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H S COBRREEFPHP (FrZRERORERY)

s B \ &it /M BocE| B
Ta B 22K COBERE -40 125 °C
5.4 ZICBT S 1ER

. £ E %) oL
Nolr—o =% BANL
Rgsa RaJc(top) RgJB Y1 Y8 Reauc(pot)

PW (TSSOP) 20 117.2 58.6 79.1 12.6 78.3 BAtNS °C/W
DGS (VSSOP) 20 131.6 69.5 86.7 10.9 85.9 ML °C/W
RKS (VQFN) 20 90.4 92.2 63.4 29 63.5 41.3 °C/W

M

PRI L ORI OBGHIG L HEDFEIZ SV TE, TR I ONIC Sy — P OBGHIIEYE] T 7V r—vay /= B T<IES N,

5.5 BERAIEE
B BRI COBEIREHPAN (FrZFial o720 BRY)
Ta = 25°C —40°C ~ 125°C
IRTA—H T AR Vee S tg{gé %{jﬁj . g{g; %zg BAfT
lon = -50pA 1.65V ~ 5.5V Vee-0.1 Vec-0.1
lon = -2mA 1.65V ~ 2V 128 1.7 1.21
Von lon = -3mA 2.25V ~ 2.75V 2 240 1.93 v
lon = -5.5mA 3V ~ 3.6V 2.6 3.08() 2.49
lon = -8mMA 45V ~ 55V 4.1 465" 3.95
loL = 50uA 1.65V ~ 5.5V 0.1 0.1
loL = 2mA 1.65V ~ 2V 01 0.2 0.25
VoL loL = 3mA 2.25V ~ 2.75V 0.15()  0.17 02| V
loL = 5.5mA 3V ~ 3.6V 020 0.23 0.25
loL = 8mA 45V ~ 55V 0310 03 0.35
I V) =0V F720% Ve 0V ~ 5.5V +0.1 1| pA
lec ;igy‘/imi Vee lo =00 BIFFHS |4 oo/ 6 gy o 20| A
5
R e ! 2
loz Vo = Vo %7213 GND, Ve = 5.5V |5.5V +0.25 25| pA
C V| = Ve #7213 GND 5V 4 10 10| pF
Co Vo = Vee #7213 GND 5V pF
Crp £, F = 1MHz 5V 17 pF
(1) FebiTVWAFRERE (1.8V, 2.5V, 3.3V, 5V) TORZEIE
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5.6 A1 v F UM
A 285 COBMEIR FEHIPHN, Ta = 25°C THIEL7ZRERME FRISFLRORVERY), 3T A=FHERT ) SR
5% Ta=25C -40°C ~ 125°C
285 A— .
= R (AT)) R () AR R Vee BN Rok| b EE k| B
fE @ @& ®E ®E fE
tpLH 53 12.4 4.8 13.5| ns
A Y C_ = 15pF 1.8V
tpHL 6.6 15.9 5.8 17.4 ns
tpzH . 8.3 18.4 7.2 20.6| ns
OE Y C_ = 15pF 1.8V
tpzL 7.2 171 6.4 18.7| ns
tpHz I 71 13.6 6.3 15.4| ns
OE Y C_ = 15pF 1.8V
tprz 6.9 11.9 6.3 13.2| ns
tpLH 7.3 16.7 6.5 18.3| ns
A Y C_ =50pF 1.8V
tpHL 8.3 19.6 7.5 21.8| ns
tpzh . 10.6 23 9.5 25.7| ns
OE Y C_ = 50pF 1.8V
tpzL 9.2 21.2 8.3 234| ns
tpHz 7 12.9 20.8| 121 22.8| ns
OE Y C_ = 50pF 1.8V
tpLz 12.6 193] 121 20.6| ns
tsk(o) C|_ = 50pF 1.8V 0.5 0.5 ns
tpLH 3.9 7.7 34 88| ns
A Y C_ = 15pF 2.5V
tpHL 4.8 9.8 4.3 11.3| ns
tpzh _ 6.1 11.6 5.3 13.2| ns
OE Y C_ = 15pF 2.5V
tpzL 52 10.6 4.6 12.1| ns
tpHz 7 5 8.6 4.4 9.9 ns
OE Y C_ = 15pF 2.5V
tpLz 5.1 8 4.7 9 ns
tpLH 5.3 10.6 4.7 12| ns
A Y C_ = 50pF 2.5V
tpHL 6.2 12.5 5.6 14.3| ns
tpzh _ 8 14.9 71 16.9| ns
OE Y C_ = 50pF 2.5V
tpzL 6.9 13.5 6.2 156.4| ns
tpHz _ 8.8 13.5 8.1 15| ns
OE Y C_ = 50pF 2.5V
tprz 9 12.9 8.6 14| ns
tsk(o) C|_ = 50pF 2.5V 0.3 0.4 ns
tpLH 34 6.4 3 7.3 ns
A Y C_ = 15pF 3.3V
tpHL 4.3 8.1 3.7 94| ns
tpzh I 54 9.5 4.6 11| ns
OE Y C_ = 15pF 3.3V
tpzL 4.5 8.7 4 9.9 ns
tpHz _ 3.9 6.9 3.3 81| ns
OE Y C_ = 15pF 3.3V
tprz 4.4 6.8 4.1 76| ns
tpLH 4.6 8.8 4 10.1| ns
A Y C_ = 50pF 3.3V
tpHL 5.5 10.4 4.9 1.9 ns
tpzH . 71 12.4 6.3 14.1| ns
OE Y C_ = 50pF 3.3V
tpzL 6.1 11.3 5.6 12.9| ns
tpHz I 7 10.7 6.5 12| ns
OE Y C_ = 50pF 3.3V
tprz 7.7 10.8 7.3 16| ns
tsk(o) C_ =50pF 3.3V 0.3 04| ns
tpLH 3.1 54 29 6.1 ns
A Y C_ = 15pF 5V
tPHL 3.1 55 2.7 6.4 ns
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5.6 A1 vF /% (FiX)
H 28 COBEEE RPN, Ta = 25°C TRIELRFEE (BHTRRBO7RORD), 137 A—FRIERH) 2R

52 Ta = 25°C -40°C ~ 125°C
INTFA—
pe har (A7) R () AR R Vee B/ EEE Bk| B X RBi| B
il & i & & &
tpzH __ 4 6.7 3.5 7.8 ns
OE Y C. =15pF 5V
tpzL 3.3 5.9 2.9 6.9 ns
t _ 3.1 5.1 2.8 6| ns
Pz oE Y CL = 15pF 5V
tF’LZ 4.3 6 4.1 6.6 ns
tpLH 41 7.2 3.7 8.1 ns
A Y C, = 50pF 5V
tPHL 4.2 7.2 3.7 8.4 ns
tpzH 7 5.4 9 4.7 10.3 ns
OE Y C_ = 50pF 5V
tpzL 4.6 8 41 9.2| ns
tPHz __ 4.9 7.3 4.6 8.3 ns
OE Y C, = 50pF 5V
tpLz 6.2 8.5 6 9.1 ns
tsk(o) C|_ = 50pF 5V 0.4 0.4 ns
5.7 K=
Ta = 25°C (FrIZREIB DR RY)
60 800
— 18V — 33V
54 — 25V 720 — 50V
_ 48 _ 640
< <
2 a2 2 560
g 36 \ g 480
% 30 / \\ % 400
g 2 / g 320 |
? / N ? |
5 18 kl N 5 240 ' i
12 y \\ S 160 1 N
6 ~ 80 pd
0 L/ 0 vd ~ ~
0 025 05 075 1 125 15 175 2 225 25 0 05 1 15 2 25 3 35 4 45 5
V|\ - Input Voltage (V) V|\ - Input Voltage (V)
5. ANBEICHT I ERER, 1.8V 8L 2.5V EBR 5-2. ANEBEICHMT 2 ERER, 3.3VHLU 5.0V ER
80 5 =
— 25°C 1=
70 | — 125°C 45 | —
— -40°C
60 /J 4
50 35
z V> s [———
3 0 | ~ | ~1 5 3° 1 —
30 L/ — z, —
- — 5 —1
20 2 — — 18V
10 — — — 25V
I~ 15 — 33V
o kel r 1 — 50V
05 1 15 2 25 3 35 4 45 5 85 0 25 -5 7.5 -10 -125 -15 -17.5 -20 -225 -25
cc (V) lon (MA)
] " N ol oy L e . . - -
5-3. RREMLRRBE L ORER 5-4. High HRAEIC 5511 3 i A RE & B & DBAR
Copyright © 2025 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 7

Product Folder Links: SN74LV8T244
English Data Sheet: SLVSIZ7


https://www.ti.com/jp
https://www.ti.com/product/jp/sn74lv8t244?qgpn=sn74lv8t244
https://www.ti.com/jp/lit/pdf/JAJSWQ2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSWQ2&partnum=SN74LV8T244
https://www.ti.com/product/jp/sn74lv8t244?qgpn=sn74lv8t244
https://www.ti.com/lit/pdf/SLVSIZ7

SN74LV8T244

JAJSWQ2 — JUNE 2025

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

5.7 AR (Fex)

T = 25°C (KT RO FRY)

0.55
05
0.45
0.4 -
0.35 -
S o3 ~
- v
S 025 -
0.2 /| g
0.1 '
15 Z — 18V
0.1 — 25V
V4 — 33V
0.05 — 50V
0
0 25 5 75 10 125 15 175 20 225 25
loL (MA)

5-5. Low REEICHIFHHAEE L Bt & DBIR

Von (V)

5-6. High IKEEICH T D HAEBELEBRE OBRK. 5V ER

5

4.95

4.9

4.85
4.8

4.75

4.7

4.65

4.6

4.55
45

4.45

4.4

— -40°C

4.35

— 25°C

— 125°C

43

-25 -225 -20

-175 16 125 10 756 -5 -25 0

lon (MA)

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

VoL (V)

//

— -40°C
— 25°C

— 125°C

0

25 5 75

10

12.5
loL (MA)

15

175 20 225 25

5-7. Low REEICH T B HNEELEREDBERFR, 5VER

Von (V)

5-8.

3.3

| P

3.25

3.2
3.15

—

3.1

3.05

3

2.95

29

2.85

2.8

275

27
2.65

26

— -40°C

2.55

— 25°C
— 125°C

25

-25 -225 -20

High REEICE T 5 HNEBE L EREDORBR,. 3.3V ER

-175 -15 125 10 -756 -5 -25 0

lon (MA)

0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

VoL (V)

— -40°C

— 25°C

— 125°C

0

25 5 75

10

12.5
loL (MA)

15

175 20 225 25

5-9

.Low REE[CHBIFTHHMABELBRE DR, 3.3VER

Vo (V)

5-10. High REICH (T D HHBELBHRE DMK, 2.5V BR

25

245

/

24
2.35

23

225

22

215

21

2.05

— -40°C

2
1.95

— 25°C

1.9

— 125°C

-16

14

-12 -10 8 -6 -4 -2 0

lo (MA)

8

BRHI T B 70— RS2 (DR B Ab) #21E

Product Folder Links: SN74LV8T244

Copyright © 2025 Texas Instruments Incorporated

English Data Sheet: SLVSIZ7


https://www.ti.com/product/jp/sn74lv8t244?qgpn=sn74lv8t244
https://www.ti.com/jp/lit/pdf/JAJSWQ2
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSWQ2&partnum=SN74LV8T244
https://www.ti.com/product/jp/sn74lv8t244?qgpn=sn74lv8t244
https://www.ti.com/lit/pdf/SLVSIZ7

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

SN74LV8T244
JAJSWQ2 — JUNE 2025

5.7 AR (Fex)

T = 25°C (KT RO FRY)

loL (MA)

0.4 —
0.35
03 -
0.25
S
=~ 02
O
=
0.15
0.1
/ — 40°C
0.05 Z — 25°C
— 125°C
0
o 2 4 6 8 10 12 14 16

5-11. Low RREEICH (3 B L HhBEL B E DB, 2.5V BER

Von (V)

1.8
1.775
1.75
1.725
1.7
1.675
1.65
1.625
1.6
1.575
1.55
1.625
1.5
1.475
1.45
1.425
1.4

-8

\
,
L~

— -40°C

— 25°C
— 125°C

7 6 5 4 3 2 1

lon (MA)

5-12. High REEICH (T HHANEE L EFREDOBR. 1.8V ER

VoL (V)

0.28

0.26

0.24

0.22

0.2

0.18

0.16
0.14

0.12

0.1

0.08

0.06

— -40°C

0.04

— 25°C

0

0.02 //

— 125°C

0.5

1.5

25

3.5 4.5
loL (MA)

5.5

6.5 75

5-13. Low RREICH T HNBE L EREOBRK. 1.8V ER
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5.8 ARBIEE

T = 25°C (KHIC RO FRY)

5 — 0.55
s —— -
45 — 05
0.45
4 0.4 -
35 0.35 -
S , —_— S 03 = -
I
O T — =2 v
< — S 025 >
25 — 0.2 / ~
—— 7
2 — 18V 0.15 ! — 18V
—_ — 25V 4
— 0.1 — 25V
15 — 33V 7 — 33V
— 50V 0.05 — 50V
1 0
o -25 -5 -75 -10 -125 -15 -175 -20 -225 -25 0 25 5 75 10 125 15 175 20 225 25
lon (MA) loL (MA)
5-14. High KKEEICH (T D HAEE L EFR & DOBFR 5-15. Low HREE[CH (T B HAEE LBt & DBIR
5 | 05
4.95 0.45
4.9 :
4.85 0.4
4.8 0.35
4.75
s 47 s 03
T 465 025
S 46 2 02
455 :
45 0.15
4.45 — 40°C 0.1 FZ — 40°C
44 — 25°C / — 25°C
435 — 125°C 0.05 — 125°C
43 0

-25 -225 -20 175 -15 -125 -10 -756 -5 25 O
lon (MA)

5-16. High KREEICH (T B HHEE L B E DOBR. 5V ER

0 25 5 75 10 125 15 175 20 225 25
loL (MA)

5-17. Low REICH T HIHNBE L ER L DOBR. 5V ER

3.3 T

3.25
32 %
3.15
3.1
3.05
3
2.95
29
2.85
2.8
275
27
2.65 — -40°C
2.6 — 25°C
2.55 — 125°C
25
-25 -225 -20 -175 -15 -125 -10 -75 -5 -25 O
lon (MA)

s

Von (V)

5-18. High RIEICH (T B HHBEL B &L DBR. 3.3VER

0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2

0.15
0.1 — -40°C
— 25°C
0.05 — 125°C

0

VoL (V)

0 25 5 75 10 125 15 175 20 225 25
loL (MA)

5-19. Low RE[C BT B HAhBEL B E DR, 3.3VER

10

BRHI T B 70— RS2 (DR B Ab) #21E
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5.8 AR (Fex)

T = 25°C (KT RO FRY)

25

245
24

235

23
225

22

Vo (V)

215
21

2.05

— -40°C

2
1.95

— 25°C

1.9

— 125°C

-16

14

-12

-10

-8
lon (MA)

6 -4 =2 0

B 5-20. High SREEICH T B HABELBRE DMK, 2.5V BR

0.4 —
0.35
03 e
025
=S
~ 02
o
>
0.15
0.1
/ — -40°C
0.05 zZ — 25°C
— 125°C
0
o 2 4 6 8 10 12 14 16

5-21. Low REC BT B HMHBEL B & DBR. 2.5V ER

loL (MA)

1.8
1.775
1.75
1.725
17
1.675
1.65
1.625
1.6
1.575
1.55
1.525
1.5
1.475
1.45
1.425
14

Von (V)

7
— -40°C
— 25°C
— 125°C
4 7 6 5 4 3 2
lon (MA)

5-22. High SREEIC BT HHANBELER L DBIR. 1.8V ER

0.28

0.26

0.24

0.22

0.2

0.18

0.16
0.14

VoL (V)

0.12

0.1

0.08

0.06

0.04

— -40°C

e

— 25°C

0.02 2

— 125°C

p”
0

0.5

5-23. Low REEICH T HHNEBELEBRE DR, 1.8V BE

1.5 25

3.5 45 55 6.5 7.5
loL (MA)
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6 /85 A — & AIEFR

LUFORITRIHITIE, BIREOAAHBRAAERITIEIRLELZ, TN TO AT VAL, LU F ORI EZFF >V =)L

— 22k o TS E T, PRR £ 1MHz, Zg = 50Q. t; < 2.5ns,
HANFEBNCRES AL, IET DAL D 1 BIERLET,

TEST s1 s2 RL c. AV Vee
tF’LH\ tF’HL ﬁ‘“—7°:/ j‘““7°:/ — 15pF\ 50pF —_— ﬁ‘A“C
tPLZ\ tPZL ra—X F—7 1kQ 15pF\ 50pF 0.15V <25V
tPHZ\ tPZH j_“_‘7o:/ 71:(“—‘;( 1kQ 15pF\ 50pF 0.15V <2.5V
tpLz. trzL Ja—x H =T 1kQ 15pF. 50pF 0.3V > 2.5V
tpuz. tpzH =T ra—=x 1kQ 15pF. 50pF 0.3V > 2.5V
Test Vee S ——— — — — Vee
Point 1 Input m
Sy | | oV
R. ) ]

From Output
Under Test

(1) CL ICiZ 7 u—T L7 ANEB O E RN G ENET,

® 6-1.3 X7 — FHADETEE

Vee
Output o o,
Control :XSOA f 50%
| | ov
| |
Output | =Vee
Waveform 1 ! !
| 50% |
S1CLOSED M
$2 OPEN i it Vo
Output } ******* Vor
Waveform 2 ) 50% Vou - AV
$10PEN °
S2 CLOSED =0V

(3) tpz|_ L tPZH @k%b\jﬁ‘fﬁ ten ﬂdﬁé’bi‘h
(4) tpLz & tppz DREWVITH tyig ITHYLET,

R 6-3. BERA. (GHGEE

Vohp)

Quiet

, VoLp)—

Output

LD~ TOHAZ R AL T2 7 LTRIES /A RHE,
B 6-5. BERE., /M4X

) 1
I | Vor
| I
Output 50% 50%
— — — Vo

(1) teLn & tpp DREVE A thd WS LET,

6-2. EERR. GHGERE

90% g% — Ve
Input |
10% | | N\ 10% ov
> ) e O
90% 909~ — Vo
Output | |
10% 10%
| | Vo

L U SR et

(Nt &t ORIV 4 ITHYLET,
E 6-4. BERER. ANBLUHADOEBRER

Voryy————

12 BRHCEIT 77— R 2 (ZERSCEHOEPE) 255
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7 SH4HEREA
71 =

SN74LV8T244 1%, 3 AT —rH %z 7= 8 DO L7=E i CMOS SNy 7 72 Wi L CUVVET,
BT 7T, TV B R XYn = xAn ZEITLET, x 1330 7F 5 n 13TF v EFE ST,

# AR =T )1 (XOE) 1% 4 DD/ 7 7 &ML 3, XOE 223 Low RIEDEE A7 X DT RTDNYT 7D
A R —F A0 E T, XOE 278 High REEDLE, /322 x DF = TOAyT 7 DM IF 4 —F A0 &
To P =T NSNS S THEAL E— 5 AR R T,

BN EILBIEA 7 ORNCT A R & mA B —2  ZIR I HI21E, i /70 OE t/%wl/?ﬁ?ﬁw“ LT
Ve 1B L £, (MERAVFHE | R THESNIZIIIZ) ZO\RBOF/MELE > DY —7r—D1%, RIADE /m//7

IZE > THREVET,
72OV
1OF >
E%}
E%}
e E%} 23
8 HRERREA

8.1 Ef{bE /= CMOS 3 RT— A

ZDOT AL, bz CMOS 3 A7 —RMH TN S VTV ET, High, Low, @A E—X AR Zib0
HADEFESH 3 SDOARIET T, P L LWV HGEIX. 2O T SAZDELLOE IR \_if'é—é//7k/*—}<%?fx_5\_&%
IRLET, ZOT NAAOBREIRE LD BARIZEE Ty N ERSNDIGERHDT-D, VX T H2ET-DICE
MREBAM DR EZEETHIMLENHVET, IHIT, ZOT SAADOHE T IF, ?‘/§42%?§{§'§'5:kf£<ﬁ‘ﬁﬁff“%%’)EU:

WCREREREWE CEET, BERICEDBELE LT 5720, TAAOHI1E & HIRTHZENEETY, [
XTWﬁE*%JT FINTWBERMNBLOEWIHIEZ F I NESF L TLTEEN,

EALE —Z U RRRBICBAT L& MITBIRDY — AL 7D EBLLBITWERT A, 72770, [BRBEE ) FITE
FTINTWD/NESRY =7 EIRIIHFIN TT, @A —F L RREE i D BEILT SR> THIEIS LT, A
BERIRIELE T, /—RIMDRFA NP RSN TR W GA . = &i7m%74/7 J—REMT, BIEIZARAT
T TNV T TP B E XTI NANE T AR A T HZE T, A E—F L RRRED H BRI OB+ fzﬁtﬁﬁf
TFET, BILOMIL, FAEFEWHEE S ORIRREEEOBERIKFLET, W 2O BEEE 3720
10kQ OIESFLEEH TEET,

KA D 3 27—k CMOS HijiE, REEGEDEFITTILENHVET,
8.2 LVxT HiRA N EBE

SN74LV8T244 1T, TXH A AL AV LAY DBEFEL ~JVIEHBEREN B LVXT By F 842 770D flH,
ZOFNRAA T 7L, FEEBIKHE T D120 D/NSNANEBIEAL v /LR e BRI iﬂﬁﬁ“ét?@@ﬂiﬁ
5.5V L UL DIE BT 2D AN ZFF O IR SN TV ET, IEF ICHRESE21T1E, High AJREETITHE D
Vipviny VL ELE | Low ANREETIIRED ViLmaxy B4 T CANTMEBZREFTALERHYET, K 8-1 12, LVXT
FRAR 77D Vi BEOV LUL ((RFE ) 2072 CMOS F /3 A ZDFEIEL ~ L% D 7= R L E T,
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ANFTEALE—=Z L ATHY @I TERBRE RSN TOD ANFBEWSNOEGTEL TET MbshEd, U
— AL = ZAOEHUL, TR RER RSN TSI R AT BIEL, TERARHE RSN TODERRA ) —27
BIRNADA—LDOER] (R=V + 1) 2L CGGHESNET,

[HESEENVESRME ) RO AT BB L — P CERSIVTNDIINC, A7 BLREEDM A A NG 503 % BB T 0N
HOET, ZOHREEM S WE, BB N ERENRY, %E?Ez@)?l?:focéﬁ EMERHVET, FEMHIZOWTI, [
HEET T2 —7 022" CMOS A D2 E 7 7V /r—ay LAR—MZRLUTTEEN,

FEHII L AN EA—T v oFFicTi2 T caEt A, REHO AL, %72 High £721% Low BELX
VTR T AUNENHOES, VAT INATIEEILT 7T A7 ITHEL COBRTIER WA VAT AR AN ET 77

TICERE L TR WEXIZBE RN ATV EBEE 525720, TNV T v E3 N o i BN cEF3, HEBiEiE
BEEOFER TR EVE T2, 10kQ OHEPTAHERES L, B IL T X COEHE G LET,

36
34 = 3.3V CMOS
32
= Vum
3 —_— =
28 = HIGH Input
. LOW Input
8= 25V CMOS
24 = 24V (‘u’ou)
22 -
-
s 2 - 2V (Vaw) I _
@ 1.8-V CMOS —
g 18 - —
S 16 -
:_-: . - - —
2 14 | 145V (Vau) _—
=
L 12 |12V CMOS _,__,---""
> 113;%}-"""
1|t
08 —
0.6 - L — e ——
04 = 045V (Vau) 0.4V (Vo) 0.4V (Vo)
0.3V (Vo)
02
0 ] | | ] ] ] | | | | ] ] ] | | ] | I-__
16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 55

Ve - Supply Voltage (V)
K 8-1. LVXT DAHABEL NIV

83057 44— RilsE

8-2 \IRT DN, ZOT A ASDH T IEEADE G DI T T FAF—RR3HY ZOT SAASD AN
BDIT T AT —RDHBHVET,

J!L

A B RER ORITHES N TS IE %:fﬁfiéeﬁfi THARAHRGE G AD ATREERHVET, AL
HADIT TETRDEMZNETL Th, AEH N OEEEHREBADLIENDHYET,
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Input

B 8-2. FRANEHAICKHT S50 T Y4F— ROBETHEE

9 TINA ADEEEE— K
# 9-1 |2, SN74LV8T244 DT —RaRLET,

& 9-1. HifER
AHM 7
OE A Y
L L L
L H H
H X z
(1) H=High &FEL~L L=Low BEL~IL X=RANTT7 . Z2=/&
ALE—H A
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107 FVT—2a  ERE

PLFOT7 7 —a i AEHIL TR R A ANV A OB AREIC S ENDLDO TR, TR A0
A AINEE D IEFEMED SERMEDREEW L ER A, il 2 0 H L _xﬂ”é;@uﬂuwi@/\ﬁ IOoWTiE. B
FEREOBFETHWIL QU272 872 Ed, - BEFRITE F ORGH BREEZRIELT AN HZET, v
AT LOSREE HER T DML ENHVET,

101 77V —< 3 V1ER

SN74LV8T244 %, HHZHIE R F — U AR ERRIE CTRFE F 2 B8 57Dl & E 7, | 7/X:y5’0)ﬂjjjk |
WZHELE L2 BA X B THRBUAE 308 RIANN BEREE, LY — DM DA —F L ZAOARFES ITERIKF 5V
VXTI TCEET, [TV ar iR B ar ORI, 3 OO){[EI;%UO)TEE?“{E%F?OXE{Qﬁ%/TL“CI/\i
T, ZOEDOT FVr— a0 Tk, TR B0 T E BB AMICRE R B L KT A RE N HY £,

10.2 |7 TV -3

System | Rq \ | .
Controller | VvV (‘) Z y) | Peripheral
L>12cm
Transmitter Receiver

B 101. KRMET7 TV r—2 3070y IH

10.2.1 51 E#
10.2.1.1 BRICEAT 2 EEEER

EE’W) RIS HELEENESRAT ) THESN TOWD#EIHN ThHZ sl L £, BRI IZR#ich TnaE
([, EIREEIZT A ZOBEKIRMEARELE T,

BIEEIRIL., SN74LV8T244 OFT X THOH 1L~ T/ —AEZNAR BN & BRI EE ) ISR SN e KERY
%/JE%OIL lccs BELOAA Y TF U I BERIEEBE RO G EELWY —REREZMS TIENBHLETT, vy
TRART, EOBFNOHAEINDET D &%) —ATEET, [t KERK ZREHE S Voo MERO R KA
X 22N IDIZLTLTES Y,

77 RIE, SN74LV8T244 OFT X TOH L T 7S3NHEN. [ERARHE CFRdi S HE BT (Icc) @
I KM, A F o I BT B OBREER DO A FHIELWEREY VI TEAVENHVET, nPvT T34 AN
TR I CEDEM DI 7 TEET, TR R ER |1 Zit#E S 72 GND A“(m@ﬁiﬁdﬁ%ﬁz&b\
L TLEE Y,

SN74LV8T244 (3, 7 =2 —hOMRRE T~ TRTZL 5D, GaFA & 50pF DL T ORMEZIRE TEEd, ZhIh R
SRR AT 5280 TEET S, 50pF LA D2 LITHELEL $H A,

SN74LV8T244 (%, I'EKAFHE | RICER SN TWDLH NEEIBIOEG (Voy BLU Vo) T.RL 2 Vo / lg TRk
SNDHERHEIIO AR ZBRE T3, High IREETH N T5856 . ZOoXo M hEEX, WEL-HIEEE Vee v
VOEFREBEDELL TEREINET,

M E 13, [CMOS DI # & /1 & Cpd DRt FRNCFEHSN T FRE AL TRHRTEET,

B BT MEE) =T B 0mY 7 (SLL) 7S —V BLOT A AO SR CRRfisn QO A HRE2 4 AL CEHA
T&EET,
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EE

AR | SRS R B ETRIE (Tyman) 13, KT/ A ZDREEBH LTSI EMOH]
IRAEC, AR I RS U S~ CORIREZ BT £ 1L TSy, SRS HIRE
X TAA RSO ELE ST OICHESILTOET,

10.2.1.2 AAICBAT 2 EEER

ATNEFE Vi max) ©HBADERTY Y7 Low ERLREH, Vigmin A DL0Y 7 High LRZRSIVET, Tk RRE
B ICREH ST R A BRI &2 2 e IO L TLIZE N,

REEHDATINE, Vog I TV RIS L ERHOET, AR FEo7 b TR WgEA X, REFDOA
NE BRI EHIENTEET, ATV ERETII L K2 EHSNAGE 1T, I Ty T IR 2o o fRie
BT AL ARE T, T 7 A/VMREED High OGAIIZT VT w7 1, T 7 4V NIREED Low DAIZITT A
TP F AL E T, 2 b —TOERENERT ., SN74LVET244 ~DV— 7 Eii (IERAEME | THRIE), BLOW B
ATJEBL — ML TRPLO VAR HIRS v ET, ZHUZERIZEY 10kQ OPUEAUIXUIEE S ET,

SN74LV8T244 | CMOS AJ1%&fi 2 T\ A7, IELLEET DI, THESEEMESM: | R TERSINTWDIHI, A
TINFERGEBTHMENHOET, ATIEBRBEOERIENREEL, HEE O K0T A ADE M DOIK T 24
LTERHVET,

ZDTIRAAD ANS)DOFEAMZ OV TIE, HEREFLA 127 a2 5L TIEE0,
10.2.1.3 HAICEAT 2 EEER

IEDOBIREEZMH AL T, 1) High BELZAERLET, HAnbEREZ SIS I L, TFEXRRHE O Vou AR THE
SNIDNTHDEEMEFLET, 77 FEEEZEHL T, ) Low EEZAEKRLES, HAICEREZS 7758,
MERHYRHE ] D Vo R TRUES NI EED ER-LET,

HE NI TH- Th, WORREITRD FTREMEN DD T Y 2 2 7V T)IE, AWITE SR LRV TTESWN, Zi
3L HERSCT AN AA~DORGZ G ST RS DY ET,

FCANE BafOR—T N AZAND 2 SOF ¥ V2 WHNHHGE T DI LI2ED | BB O EZ @D H I LN TE
7

KEHOHINITa—T 4 T OEEICTEET, H%E Voo T3 T RICE#ERF L2 IO L TLEESWY,
KT INARD T DFERINC DN TR, THEEERL | B a2 S L TES0,
10.2.2 FH/LR51FIE

1. Vec & GND ORI T o7V a7 oz 8MLET, ZOar 7 i, WENC T SAADIEL, 722 Ve
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GND Ve
Recommend GND flood fill for Bypass capacitor
improved signal isolation, noise [.] placed close to the
reduction, and thermal dissipation 0.1 pF device

i e 0EVee o niased
AT 2 1913 20E close to output
2y4 1 3 s 1y [
1A2 1 4 1713 2A4 — 33Q
2Y8 1 5 16 1v2 [
1A3 1 6 15T 2A3 33Q
2y217 a1y [0
1A4 1) g Unused inout 13T 2A2  33Q
Avoid 90° 2Y1 1T 9 tied to GND 12T 1Y4 Ur;used output
comers for | GND =110 11 2m eft floating
signal lines
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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 ©)
@ ©)
SN74LV8T244DGSR Active Production VSSOP (DGS) | 20 5000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 8T244
SN74LV8T244PWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 LVv8T244
SN74LV8T244RKSR Active Production VQFN (RKS) | 20 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 LV8T244

@ 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.

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.

OTHER QUALIFIED VERSIONS OF SN74LV8T244 :
o Automotive : SN74LV8T244-Q1
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o Enhanced Product : SN74LV8T244-EP

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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PACKAGE MATERIALS INFORMATION
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INSTRUMENTS
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
SN74LV8T244DGSR VSSOP DGS 20 5000 330.0 16.4 5.4 54 1.45 8.0 16.0 Q1
SN74LV8T244PWR TSSOP PW 20 2000 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
SN74LV8T244RKSR VQFN RKS 20 3000 180.0 12.4 2.8 4.8 1.2 4.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION
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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)
SN74LV8T244DGSR VSSOP DGS 20 5000 353.0 353.0 32.0
SN74LV8T244PWR TSSOP PW 20 2000 353.0 353.0 32.0
SN74LV8T244RKSR VQFN RKS 20 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0O020A

SMALL OUTLINE PACKAGE

PIN 1 INDEX AREA
18X -0.65
R 20
1 == )
== -
—
—
2X
6.6 5.85
64 —
NOTE 3
—
—
o
10 g e et
- J 11
20X 0.30
E 45 0.19
4.3

./'

&-«/\ (0.15)TYPjr
SEE DETAIL A

GAGE PLANE

DETAIL A
TYPICAL

4220206/A 02/2017

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
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X(1.5) SYMM
|1 ‘ r ¢ (R0.05) TYP
oo [ | e
b |

|
) |

|
e |

L

18X (0.65) — -

-

)
1]
1)

o | ]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL UNDER SOLDER MASK
oPEN|NG\ METAL SOLDER MASK OPENING
777777777777 .
|
|

T EXPOSED METAL

*H‘* 0.05 MAX *j 0.05 MIN

EXPOSED METAL

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220206/A 02/2017

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
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X (0.45)

f

e
-

aai

SYMM

=
[N

20X (1.5) SYMM
i j | r ¢ (R0.05) TYP
| |
|
|
|
|
|
4
|
|
|
|
|
|
|

[ ]
1]
]
o

R

L— (5.8) —J

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

4220206/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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PACKAGE OUTLINE

DGSO0020A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE

PIN 1 INDEX:

AREA

1

—

—

—1

52 L]
NorEs ]
—1

—1

—1
10—

|
N w
[l

SEE DETAIL A

=x
[ 1 0.275
20X &

0.165

/\ 4X (7°-157)

i

\ (0.15) TYP
U
—

GAGE PLANE

4% (0°-15")

—

(4 [0.1@[c[a[8]

A 07
0-8

0.4 0.05

DETAIL A
TYPICAL

4226367/A 10/2020

NOTES:

PowerPAD 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.

exceed 0.15 mm per side.

(G20 w N

. Features may differ or may not be present.

. 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

. No JEDEC registration as of September 2020.

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT

DGSO0020A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE
| | SYMM
20X (1.45) ‘ ‘ (t
* | |
1 I | 20
20X (0.3) J‘ ‘
(R0.05) TYP ‘
wxan |
|

=
5N

(4.4)

LAND PATTERN EXAMPLE
SCALE: 16X

SOLDER MASK METAL

METAL UNDER SOLDER MASK
OPENING SOLDER MASK‘\ /OPENING

=

|
L \
EXPOSED METAL 1 o= N JL EXPOSED METAL

-

0.05 MAX 4 L

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4226367/A_10/2020

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
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EXAMPLE STENCIL DESIGN
DGSO0020A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

20X (1.45)
20X (0.3) 1

|
1 I

jJu=—
oo~ 1]

N
o

S

S L

At

(18X 0.5)

=
[N

JuubL

(4.4)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 16X

4226367/A 10/2020

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
RKS 20 VQFN - 1 mm max height

2.5x 4.5, 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.

4226872/A
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PACKAGE OUTLINE
RKSO0020A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—":

1.0
0.8

i 1 ..
0.05j‘

0.00
= 1£0.1 =
2x[0.5] - ﬁ 0.2) TYP
10 | ] |11
wdleshy T EXPOSED |
O | 12 THERMAL PAD
=
2x D Kl
[35] ——-+——+—-— 3t01
D) \ -
D) i -
> l <
_ T
e =
2 |
ﬂ % ﬂ ‘ 19 0.30
PIN1ID— 1 ZOJ 20X 518
(OPTIONAL) 05 0.1® |C|A|B
20X 03 = |® 00w

4222490/B 02/2021

NOTES:

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

2. This drawing is subject to change without notice.

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

i
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EXAMPLE BOARD LAYOUT
RKSO0020A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

20X (0.6) ﬁ ‘

20X (0.24)

LAND PATTERN EXAMPLE

SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
i SOLDER MASK
METAL : | OPENING
! l
| |
|
\SOLDER MASK L \METAL UNDER
OPENING ~ o= SOLDER MASK

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
4222490/ 02/2021

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If some or all are implemented, recommended via locations are shown.
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EXAMPLE STENCIL DESIGN
RKSO0020A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

83% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X
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NOTES: (continued)

6. 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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