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5.8 AR

Ta=25°C, Vg=5V, C_ =15pF , Vom = Vs/2V , Vynperorive = 50mV , Voverprive = 50mV ( BRAESA B ) .

| .
For 33 Units 25 | For 33 units

3 23
N
E? <

>

% 1 — é
3 —_— =
<>D 0 @
g i — 8
£ 4 E 3
e} z
H
22

3

-4 0.7

40 25 10 5 20 35 50 65 80 95 110 125

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

Temperature (°C)

\ § 5-2. R¥ 51 H %
B 51, R E S EEFXE B 5-2. B SR AR
4 : 25 [ For 33 unit
For 33 Units : | For nits
3 2.3
— I~
E 2 21 /// Z
o [ — Z 19 /
g ! ——— = ‘
= - (7] 17 ’ ]
o G — 7}
> o &
@ 0 ) 15E /A ]
7] ® —_
S 1 —— T 1.3
— — R
"g \\:\
g 2 1.1
-3 0.9
4 0.7

-0.1 0.4 0.9 1.4 1.9 24 2.9 34

-0.1 04 0.9 1.4 1.9 24 29 34 Input Common-Mode Voltage (V)

Input Common-Mode Voltage (V)

N N -4, IR¥F 53k (] , 3.3V
B 5-3. kAR SIMARINXR | 3.3V A 5-4. B SHEARIIXS , 3.3
4 I -
For 33 Units 2.5 | For 33 Units
3 23 //-
= /| A
> 2 21 7
£ L . p. ?,
° ] T E e %
jo] /
g 2 ~
2 9 3 =y~ |
@ I -
(2l 7] -
5 - 1 ~ T 13 =
—— \ . |t
£ - 1.1
-3 0.9
4 0.7
) -0.1 0.7 1.5 23 3.1 3.9 4.7
-0.1 0.7 15 23 3.1 3.9 4.7 i
Input Common-Mode Voltage (V) B 5.6 Ig;;géoégﬁ;vggge ;\\/I)
N -0. 15Y L s JH, ,
& 5-5. KRS ERXR |, 5V
Copyright © 2025 Texas Instruments Incorporated PR 9

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

TLV3231, TLV3232
ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025

13 TEXAS
INSTRUMENTS

www.ti.com.cn

5.8 JLAIRHE (52)

Ta=25°C, Vg=5V, C_ =15pF , Vom = Vs/2V , Vynperorive = 50mV , Voverprive = 50mV ( BRAES A B ) .
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5.8 JLAIRHE (52)

Ta=25°C, Vg =5V, C_=15pF , Vcm = Vs/2V , Vynperorive = 50mV , Voverorive = 50mV ( BRAEAH BT ) -
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5.8 JLAIRHE (52)

TA =25°C, VS =5V, C|_ = 15pF , VCM = Vs/ZV , VUNDERDRlVE =50mV , VOVERDRlVE =50mV ( KK%EIE%%U\E% ) o
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5.8 JLAIRHE (52)

TA =25°C, VS =5V, C|_ = 15pF , VCM = Vs/ZV , VUNDERDRlVE =50mV , VOVERDRlVE =50mV ( KK%EIE%%U\E% ) o
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5.8 JLAIRHE (52)

TA =25°C, VS =5V, C|_ = 15pF , VCM = Vs/ZV , VUNDERDRlVE =50mV , VOVERDRlVE =50mV ( KK%EIE%%U\E% ) o

30 30
. . — -40°C
g 27 g 27 — 25°C
5 : — e
2 24 5 24 — 125°C
o L2
=z 21 5, 21
3 | ——TT] T |
s 10 A | g ]
S 15 —— S 15 =
5 B 5 e ———
T 4o —— N B g e
o —— — — -40°C o
=3 — 25°C S
g 9 — 85°C g 9
— 125°C
6 6
10 20 30 4050 70 100 200 300 500 7001000 10 20 30 4050 70 100 200 300 500 7001000
Input Underdrive (mV) Input Underdrive (mV)
&l 5-31. JUEIE FHER (KB PR REEF ) SRIEFHFRRE l 5-32. SUEIE L HBER (& B FAREF ) SRS HHRR
(3.3V) (3.3V)
30 30
. . — -40°C
e 27 e 27 — 25°C
= = —— 85°C
£ 24 8 24 — 125°C
o =}
z 21 < 21
5 T
= 18 =] > 18 —
s — & | T
8 15 /// /E ; 8 15 | :///‘
é | 1] — % § _____:::::‘/“/’ | "]
% 12— == = — -40°C % 12 F—~— — 7
e — 25°C g
a 9 — 85°C a 9
— 125°C
6 6
10 20 30 4050 70 100 200 300 500 7001000 10 20 30 4050 70 100 200 300 500 7001000
Input Underdrive (mV) Input Underdrive (mV)
& 5-33. SUEEAHIER (KR FRFET ) SRIESHFEKR (5V) | B 5-34. FUEBERER (& EFILERT ) SEREFRMHXR (5V)
150
140 — TraLL
130 — Trise
120
__ 110
& 100
o 90
£
= 80
E 70
3 5
2
40
30 =z
20 5
10
0 ~
0 100 200 300 400 500 600 700 800 900 1000
Load Capacitance (pF)
& 5-35. EFHAIT R (] S AR BRI R R
14 R 15 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS
INSTRUMENTS TLV3231, TLV3232
www.ti.com.cn ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025

6 T4

6.1 HEid

TLV323x # i A it th 1) ok b e 2
6.2 ThRETTHEE

V+ V+ V+

IN+ O °
IN- O N

ESD
f CLAMPS

V- V-

Output
Control

—( out

i v
Power-On
Reset

(DUAL only)

A

Bias

O

V-

& 6-1. HIEE

6.3 FrPE UL E

TLV323x 4l iE {4 #E 200pA B , EHEEIR N 20ns. TLV323x B K il bRis o 6 AT EE R A | [R]IRF DL B o HE 3 40
HAOREFRIIAE .

6.4 ZRFThBEAE

6.4.1 A

EIONELEEERE (V) AT (V=) A5 ESD {37 FL % . Far N\ b 1) F R PR A1 A EL FRLYE LT 0.3V

LEREFIRPEPUE (Bl BRSPS ) |, T @I —AN 5 %0\ b 5 I PRI FEL R, DASE e B A7 S e PR
AT HFAS IR o K5 FLVAL PR 1 10mA BREAG . &5 B F BEL ) — b 26 B it A& A AT rL REL A N 40 T B X 45

6.4.2 Py IR

SRR M N P R — N A=A BRI 0 Vogs Vos M Viyst ¢

* Vyy 2 SEPRiE i s B R {E A LT

* Vos 72 Vine F1 V- ZIEIAERR IR R . S Vg AN RSEPRBAR i, FLBES 46 2500 N 1% B 22 £ DL
* Viyst A2 578 FEAR P A X e 7 U 1 N IR I ( BB AR BT 1) o

( TLV323x #4iEH A 1.55mV )

Copyright © 2025 Texas Instruments Incorporated FE LRI b 15

7z TR 15
Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS
TLV3231, TLV3232 INSTRUMENTS
ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025 www.ti.com.cn

A
A
A
A
A
A 4
A

A
A 4
A
A 4
A 4
A 4
A 4

! ! !

VTH + Vos = (VHysT/ 2) VTH + Vos VTH + Vos + (VHYsT/ 2)

& 6-2. IR 15 IH LR

6.4.3 #tt}

TLV323x ELA W 2 , REREREN B , abdr IR . X AUVFRsh 13k ( W LED A1 MOSFET #ithlk ) , HFH.
T FE A AN R BB B o AR S A BE R B S — A H o

HEA S IR (A RERT T RO (V) BN CRECE T BN (V) ) 2 REUVREE , IR
A PEEREHUR . R AT REA A e A RE U — > H TR IR 370 P B 23 SR BR 1 D R R

AR P FOHES o A R R B, B ANREIE PRI T s A i 3

6.4.4 ESD (R
g NN AL AT B (V) (V=) BB ESD 137 HL i .

S N\ 0 H S BRI FL YL 0.3V W SR A\ i ZERE R SR BT ( Bl e IRk rh 254 ), T - BGARIN—
A5 N S S TR A PR L REL , DABR A B B Tl R A RS Bt K RIAT R )9 10mA BRE AR

6.4.5 K {7 (POR) - (R XXiF&

TLV3232 s HA W LS A (POR) HLER , HI T TN S shalbr e 26 1. RS (V+) B3 b Tz -
BRI, fElIE 2.2V 1 Vpor J&E , #iF POR HUB I FFEEKIA 2.5ps. S A AR K T35 i DR IR |, 20d
IEIR TG, LR e R S B M A HPIRES (Vip)e

SFF TLV3232 8344 |, #iri7E POR AIE] (ton) MRAFAREESE | 0 R AR .

< ton »
Ve /GND [ GND + POR
4/ Vou/2
GND \
ouT / /g
& 6-3. LS A
16 R 15 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS

INSTRUMENTS TLV3231, TLV3232
www.ti.com.cn ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025
7 RIS
#E

LA SR 7> B SAE T T ofes |, TI A ORICAER PR e 8tk . T B2 7 B AR DT E & oo
RMEHTHNA. 20 M IS R SR LB, AR RS ThEE.

71 MAGB R

7.1.1 ELFgHE e X

7.1.1.1 #4E

FEAR AW — A N i N (Vin) 550 —f N B2 R (Vrep) BT EEE . 7E R B 7-1 7= 461
h ) s VN N VREF , T e HH R (Vo) NIZ AR P (VOL)o g VIN KT VREF , T 4 HA FEL T (Vo) NS
P (Von)e 3 7-1 &gl Tt 2. RFRASHE NG I, RIAT R4 H 2 4 .

xR 71. &
AR o
IN+ > [N- = (VoR)
IN+ = IN- T (£43h - BBEIER )
IN+ < IN- & (VoL)

7.1.1.2 A3 ER

FE N T 35 o R P AN i 8 2 (R AE A — 8 SR, XA SEIR AR AR FRAEIR o B N R BT B IR P AT
IR PRy e F I, ARRRSER T REANH o a0 1B 7-1 R to g A tone s, AN FR R s 20 H A ep sl g e AT

Ho

Input

VREF + 100MV  geeemeeemessemrereeness

V: Output
Overdrive
A
VREF :r ---------------------------------------------------------------------------------------------------------------------
v
Underdrive
A
VaEF — 100mV &
LY T e S
Vrer — 100mV
VEE
B 7-1. L A
Copyright © 2025 Texas Instruments Incorporated TR 15 17

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS
TLV3231, TLV3232 INSTRUMENTS
ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025 www.ti.com.cn

7113 EREBE

AR Vop A H 3R HLUE A HUE (1A A NI ) o R ORI R AARFRAEIR (ty). 4K
Jilh , AR AR | JEHAE < 100mV I QSRR BRI E | TI @B AR TR L B [

TR A] (8) FOR BERE TR (t) A& AT H TR 20% F1 80% 4R H s [A] .
7.1.2 £

QR SR RN B 22 23 S N L S B LU AR AR I R I L I, A U BC B e P B AR A 1 “ Bzl . S il
WA 5 AR SR I FUAL SR O TF OGBS A A o 1) LA SRR I AR 3R 35 7 977 1t B A 1 i

H1T TLV323x @ fFEA 1.55mV HIB /N A FRIE T, BRIt T DU R IE S 538 B8 % 2RI AR, AT AR 4h FEL IR
i RS TR B LU AR AR R

7-2 FoR T RS M 2. IZHIIERE — NP R AR KA Vins Vos M Viysr

© Vop R SEPRIE LT SR E AL

* Vos 72 Vine M1 V- ZIEI AR LS . 2K S Vg AU BRI AR 5, EBGES 06 25000 I 1% 22 A1 DL
Vst 72 572 FEAR PR ES X e A U e IR I ( sk AR e 1 ) .

<
<

<
<

A
A
Y
A

I

I
A 4
I
I
I
I
I
I

A
A 4
A
A 4
A 4

B
»

A 4

! ! !

VTH + Vos — (VHysT/ 2) VTH + Vos VTH + Vos + (VHYsT/ 2)

& 7-2. IR HEAE 3 2%
HEZAMXEE | GS RN TN SBOA219 “HAA/AHAG IR INGEN LE 2Lk ”
7.1.2.1 EFIRAIIREH R AH LSS
HAEBRWIBER A L 8 e B — A UL B SS IR (Vo) NFEMERI = FBHE M | il 7-3 Araw.

+Vece
+5V

Ry ;;
1MQ 5V >—e >
ViN O
—O Vo Vo \ A
Va Va2 Va1

ov

167V 333V

V
A% N
R3

E 7-3. XA MR E HEAIRF TR TLV3231
B R o R TR FE P B A SR R PR B S 28 AN B 7-3 TR o

18 R 15 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com/lit/pdf/SBOA219
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS

INSTRUMENTS TLV3231, TLV3232
www.ti.com.cn ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025
Vo High Vo Low
+Vce +Vce
R4 R3 R1
Va1 Va2
Ra2 Rz Rs

& 7-4. JAHEC B AR SR N 4%
M VIN DT VA B, BT R S RS (TR R Vo VAR5 Voo —F & ) « —HFAZ M DLRIR A
R1||R3 5 R2 H1% , W 7-4 fiix.

TR TR € T R R FMCESE R R (Vag)s

R2
(R1]| R3) + R2 (1)

Var = Ve X

HVINKT VA B, St R, fEXAOL T, = EEMA T FoRh R2 || R3 5 R1 Sk, rfes 2 i
zN

77 REE 2 58 SO BT e e 2 HEP O BR AR LS (Va2)

" R2 || R3
R1 + (R2 || R3) (2)

Vo = Vee
TFEF 3 5 ST ML R IR
AV, =V,, -V, 3)

7.1.2.2 BAIRFFTIREIN [E4H L3R
A IR i SR8 I [ A LA 2 75 AN 00 rE BE 285 I 28 0 sk 4 A\ o ) FL R S 4 (VReg) , WTHE 7-5 Bl

5V >—<
VREF 25V O———-
Va Vo Vo Y A
ViN s Vinz VN1
Ry oV9ir—e
330 kQ 1.675V 3.325V
ViN

Ra2
1MQ

B 7-5. R ERAMEE. BAIRMTHEEH TLV3231
i H Ay v P AT B TS 52 0 e BEL 2% X 48 4 1] 7-6 BT o

£

Copyright © 2025 Texas Instruments Incorporated FELZ R PIR 17 19

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS

TLV3231, TLV3232 INSTRUMENTS
ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025 www.ti.com.cn
Vo High Vo Low
+Vee +VIN1
Ro R4
VA = VREF VA = VREF
R1 R2
Vin2 =

B 7-6. [FIAHAC B FH A% R 2%

2 Vi DT Veee B, B 9GP 2 205 ISR P03 30 & i Vig R20E T Ving BB . 31 7R
4 ﬂ%l‘l‘ﬁ V|N1 °

V
REF
+ Vier

V. =R1 X
IN1 R2 (4)

2 Vin KT Vree B, S Am P 25 Zfd EL g 2 U B FETOIRAS |, Vin 2R Vg LA R . i R0 5
R Vinge
Veer (R1 + R2) - Vo x R1

\V =
IN2 R2 (5)

FELLHLEE | GBI ViNg M Ving ZIAIIZEAE , anJ5 25K 6 Fis.

AV, = Ve X % "
HEZMKER , S 0N T SNOAQIT7 “ FLAT IR Thft () S AH LU 85 FiLi% ” A1 SBOA313 “ FLAT IR it T RE 1 ]
LR B R
7.2 AN A
7.2.1 0B R E I
TR R T AN e e 2% A ] B0 E A I L . VAN RO B, DR s 7 I [RJ AN 52 Ll 2
FEAEAER BRI . T B S e RIS TR) 4 LUK B S B N i AR E A T TR . SR
BH 2 b/ s R IA B i R1 A R2 B8 A S v BB, ERAe 284 HH e 2R

5V Isystem
- —
N
N4 y
+ £
= Vs Q
T sv » ouT
4
1 REF U1 TLV3231
5V B
R2 1.07k
R1 25.5k 1
& 7-7. IR
20 TR 15 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com/lit/pdf/SNOA977
https://www.ti.com/lit/pdf/SBOA313
https://www.ti.com/lit/pdf/SBOA313
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS
INSTRUMENTS TLV3231, TLV3232
www.ti.com.cn ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025

7.2.1.1 #HER

KF e veit , EIEYE DL N BT R

o M ARG (Isystem) iAF] 10A B, KA (i ) FH
o BT (OUT) NEH - FHRL

o f§iF] 5V HE AL

7.2.1.2 4RGSR

N T HERIREH AR S (RS) AT R AL FE | 168 7 20mQ 5. T 10A i F&4E RS |
PP 200mV R RE , BT R1 AT R2, DUEMARER) BV BSR4 200mV (70 a8l . tR ARG WK
£ 10A B KAEMIEIZAT |, AT ORER A B it ob a0 BAT IR A RE i [FAH EL e 28 vh i

7.2.1.3 M A IR

11.00+
10.00
Isystem
8.06-
6.00+
ouT
- 1 . 00 T | T | T | T |
0.00 250.00u 500.00u 750.00u 1.00m

Time (s)
K 7-8. TMER

7.3 BJEAHSCEW

AT A e bR A, 7 A Y B 2 5 I e 2 B DASH 1k YR R AR IR AL AR ik & DL R IR . AE (V+) BB
FgE 5] B 2 18] BRI — MK ESR 0.1uF PR 55K 7R 8% |, BLEEAE 77 280F oo il 70 S B 3 00 S 1) 2 % i
A K ART LI R TR R T HES R BT . X e ko & SRR IR 2R R b 55 IR AN B IR IR Y | AT RE S
SN LIRS B R AR AR IR P A AR I A, R R

AT X7 YR ((V4) FI(V-) ) B “BA7 BLIE ((V+) AT GND , GND 8 (V=) 510 ) fitd . % TAE—2%
B EINS S LR ERE RN BN . EER M 0 IR, W IEE ISR (Voo) 2303
(V-) A A28 3 GND.

7445

7.4.1 /G755

FE A LA 2 N 7 B R A R, O 5 R PR ek e AT . AN R A D LA A R e
TP A, 55 B AR 2 AR T RESE I FELYR O IR B O IE R R S IR | I EAEE (V+) 5 GND 5l
I

RERCD A 2 RS, DB IRtk . BRAEf 2 (M A7 AE (V+) BL GND ik , I35 20 FF47 1 B o
AT NGB E , DA A o A S N S s R 0 L ELI R F PR AR SR AT AR R IO AL B 3 mT DL i Y o e 0BG —

Copyright © 2025 Texas Instruments Incorporated TR 15 21

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS
TLV3231, TLV3232 INSTRUMENTS
ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025 www.ti.com.cn

AP (<100 Q) HiBH , DL AR P2 ) AR 2 b U AR B S « NSRIGEARIL SRR | AT KB
T AT 2N T LU P A A ) 28 3 1 52 F B BTATT 26

7.4.2 7 /G500
Better Ground O
| 0.1uF
. 1]10uUT1 V+ |8 'O V+
Input Resistors
Close to device
AAYAYae 2 [IN1- ouT2 |7 OK
V+ or GND
A VAVAYes 3 [IN1+ IN2-| 6
Ground | 4 | /- IN2+ | 5
@)
7-9. SUEEA R~
22 R 15 Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS

INSTRUMENTS TLV3231, TLV3232
www.ti.com.cn ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025
8 AT HE
8.1 A FF
8.1.1 JH X1

BT FEIT A ES 1 1175 F T - A (TES0 “Hies” —45 ) - SLYY137
FE 1, AAEHIYFENI I B 72 % 1%11 - TIDU020

HBIAGBE LY GERT H 75 % - SBOA219

HA B FETIFENT IR I 42 #8415 - SNOA9IT

A F B HTEENT [ H 3¢ 45 1 #% - SBOA313

8.2 W Uk BE il A

BRSO BB A, T SNIE ti.com LIRSS SO YE . i i A AT M, BRSO S R U
B, A RERELNG L IEEEEA ST SO RS BT T sl k.

8.3 XHFFHIR

TIE2E™ gt TREMPEESE TR, W HBENEXARERE ., 2B IENM@Emki#l. #%
WA 2 a5 QiR R4S A 7R I B R A B

BRI N AR RS TR E IEIRAE Y Rt XREENE AL T FEARE | HHA— @ R TI B A 21
TI Bfd 2K

8.4 Hir

TI E2E™ is a trademark of Texas Instruments.

A Fibn 3 % B T & I =

8.5 B R

HHEIOE (ESD) SAFFRIXANER L . B AR (TI) EEUCE IS 4 TS HS M Ak B A7 B B o 1 SE AS0 5F TE A P b B
A RIS | T SR B o

‘m ESD (R /NE S EHUNIVERE R, KEBA BRI FEIERME TR EA S ZIHN |, ZRENEEAYNNS
B DR T R 2 S B L R AT AR ANARAY .

8.6 RiER

TI RiEE RAERIN FRRE T ARG 17 REAENS 1 R S

9 BT FisiE Rk

T o DURTRRAS B BRG] BE -5 24 TR 1) TR AN (]

Changes from Revision B (December 2024) to Revision C (June 2025) Page
o NRUBIE IR T A REIEIR AU ..ot 1
Changes from Revision A (September 2024) to Revision B (December 2024) Page
¢ JERRRAT T U TLVB232.eeeei ettt 1
Copyright © 2025 Texas Instruments Incorporated TR 15 23

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com/lit/pdf/SLYY137
https://www.ti.com/lit/pdf/TIDU020
https://www.ti.com/lit/pdf/SBOA2219
https://www.ti.com/lit/pdf/SNOA997
https://www.ti.com/lit/pdf/SBOA313
https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

13 TEXAS

TLV3231, TLV3232 INSTRUMENTS

ZHCSXG3C - AUGUST 2024 - REVISED JUNE 2025 www.ti.com.cn
Changes from Revision * (August 2024) to Revision A (September 2024) Page
¢ SOT =28 BB T B A v vttt ettt ettt ettt et ettt a e st et ettt et et e b teeh et e eb e Rt aeereeneent et et et et e teeteerern 1

10 MUK HEMTTEE R

PAR DU S AU, BRI (S B X5 B RS E A T ol s . B i A2, A S ATER
HANE X SO BAT BT o A R MEER R P T2 A 15 2 B 2 ) S i

24 FES PR Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TLV3231 TLV3232
English Data Sheet: SNOSDJO


https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com.cn/cn/lit/pdf/ZHCSXG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXG3C&partnum=TLV3231
https://www.ti.com.cn/product/cn/tlv3231?qgpn=tlv3231
https://www.ti.com.cn/product/cn/tlv3232?qgpn=tlv3232
https://www.ti.com/lit/pdf/SNOSDJ0

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 6-Nov-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 ©)
@ )

TLV3231DBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 3HGH
TLV3231DBVR.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 3HGH
TLV3231DCKR Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1SQ
TLV3231DCKR.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1SQ
TLV3232DGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3MSS
TLV3232DGKR.A Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3MSS
TLV3232DSGR Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 3232

@ 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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OTHER QUALIFIED VERSIONS OF TLV3231, TLV3232:
o Automotive : TLV3231-Q1, TLV3232-Q1

NOTE: Qualified Version Definitions:

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

I3 TEXAS
INSTRUMENTS
www.ti.com 3-Jul-2026
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 0O O 0O 0O 0O 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)
TLV3231DBVR SOT-23 | DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
TLV3231DCKR SC70 DCK 5 3000 180.0 8.4 23 | 255 12 4.0 8.0 Q3
TLV3232DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TLV3232DSGR WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
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i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 3-Jul-2026
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLV3231DBVR SOT-23 DBV 5 3000 210.0 185.0 35.0
TLV3231DCKR SC70 DCK 5 3000 210.0 185.0 35.0
TLV3232DGKR VSSOP DGK 8 2500 353.0 353.0 32.0
TLV3232DSGR WSON DSG 8 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

. 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.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

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
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

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
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

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.

2. This drawing is subject to change without notice.

3. 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.

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

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

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.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

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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DCKOOO5A

PACKAGE OUTLINE
SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

PIN 1
INDEX AREA

NOTE 5

GAGE PLANE 0.22

\[ 0.0 TYP
& rr/ | 046 \(
. TYP TYP
SEATING PLANE

0.26

4x0°-12° ~— (0.9) —=

2 [
(@]

~— 1.1 MAX

1

]

[ 1
|-

TYP

oo
or

4214834/G 11/2024

NOTES:

[N

o bhwWN

per ASME Y14.5M.

. This drawing is subject to change without notice.
. Refernce JEDEC MO-203.

. Support pin may differ or may not be present.

. Lead width does not comply with JEDEC.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed

0.25mm per side

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

i
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EXAMPLE BOARD LAYOUT
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

-— bp—-—-r—-—¢  3)
2
2X(—(“)-765) \ ‘ T l
L | .

(R0.05) TYP Li 2.2) 4J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\

EXPOSED METAL EXPOSED METAL/
J qu 0.07 MAX J L 0.07 MIN
ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214834/G 11/2024

NOTES: (continued)

7. Publication IPC-7351 may have alternate designs.
8. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

| j 5X(?.95) ¢
5X (0.4) %—4—}7777 5 .
! SYMMT

T 2 ***7***‘7*74; 1.3)
|

2X(0.65)

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:18X

4214834/G 11/2024

NOTES: (continued)

9. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
10. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

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

4224783/A
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PACKAGE OUTLINE
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

0.32

0.18
@
0.4
0.2

ALTERNATIVE TERMINAL SHAPE

PIN 1 INDEX AREAJ~_:

=N
©o

TYPICAL
0.8
0.7
* 1
0.05 SIDE WALL
0.00 METAL THICKNESS
DIM A
OPTION1 | OPTION 2
0.1 0.2
EXPOSED
THERMAL PAD =~ 0.9+0.1 = — ﬁ (DIM A) TYP
I

g
[ 1 []]

9

|

|

|
=
(o))
I+
©
o

L]

|

4 4] |
[oms | N\ |
2x T \
‘
|

1
. 1<5L/\1 8
PIN 11D { L gx 9-32

(45° X 0.25) 0.4 0.18

8X0.2 & [01@]c]Als
0.0509)

[ []

4218900/E 08/2022

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.
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EXAMPLE BOARD LAYOUT

DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

-~ (0.9) —=
8X (0.5) ﬁ (0.9) (Tc/\ﬁ( g 2) VIA
1
jREn Ry re pun)
8X (0.25) ‘{%ﬁiff —
SYMM (0.55)
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t—-—f-—F— 2 — S ] s
T
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- L J [T s
) =
‘ |
RO0.05) TYP SYMM
( ) ‘ fy ‘
\ (1.9) ‘
LAND PATTERN EXAMPLE
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND o M UND

-

SOLDER MASK/

OPENING

METAL

NON SOLDER MASK

T

METAL UNDERJ j'\*SOLDER MASK

SOLDER MASK
SOLDER MASK

OPENING

DEFINED

(PREFERRED) DEFINED

SOLDER MASK DETAILS

4218900/E 08/2022

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 any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSGOO008A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X(0.5) SYMM

8X (0.25) — —

Sy ()

77777777 — 49— |- — - J‘; —
—- O
—E3 [
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4 N 1
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1

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4218900/E 08/2022

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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