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WHVES, MOV TR, MEEEZIT7e—T 427 CMOS A D8 22 L TTZS0,

FEFIL, HEHE CMOS AN12 70 —T 40 7 DFEFICLRNTIEEW, RIEEHDO AT, Voo £721% GND [ZHE RS
WAV ERDHVET, VAT LBANEET 7T AT ITWENL COBFRTIRARWIGE . VAT AN AN ET 7747 126K
FLCWVRWEEITHER AN EBIEE 525720 VT T E3 7 NE T ARG BN &£, BPUEITEE0 =
RICHREDE A3, 10kQ OIEFTEHELEL £97, BHEIZIN TT R COEM AL ET,
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7339y d9TN TS24

ZOT AR, DIeklb 1 DD =V DT 2y BTNV TTU IR EENTOET , ZOMREEZIERL TWD 3o
—VNZONWTE, T—H = DN —VICH D R | 7 a2 B RUTITZS0,

Package

Wettable Flank Lead

Package

Solder
Standard Lead

7-2. ¥ARIFERDOV v ITIV 7520 QFN /ISy T —2 L% QFN /Ny r— 2 OHEIIERE R

VxS TN T7 7RI RO ORiWEE SR ET HOICEALD, BERLARA (AOI) 128D QFN /S 7 —
COREPRHILVET, VxyF TN T2 W T-2 \RT IO, R HOREHEZIBMNT 572012, 77
YINMTELTBOITEES, Zhud, AR T4y bl RIER T 2DITRLHET, FEIC VLTI, A=7

JVIZRT A ZELIZE N,
7340507 544 — Rig&

7-3 1 RT I, ZOTFARAANDOHAITIZIEERADOM T DI BAFT—RBHY  ZOT /8L A~D AT
BDIT T BAT—RDOBBHIET,

Dt i RERS | RITHES N TV DB R DBEIL, TSR E L B2 D ATREM DDV ET, A&
HADIZ TERDEMRZNATL Th, AEH N OEEEREBADIENHVET,

=z
=

Input

Device

VCC

73. BEANERAICHTBH5 0T ¥4 F— FOBRHEE

7.4 TINNA ZADEEEE— K

xR 71, #RER
AA A
G A/B A B Y
H X X X L
L L L X L
L L H X H
L H X L L
L H X H H

10 BRHCHIT 77— R o2 (ZERCEHOE DY) 255
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87 V=g RE

H
LT OT7 AV r—a Al 587 ar OfFRIL, TI O s O — Tidzel, THIZNODFE RO TE
MR EBMEARFEL F A, HAx O BRI T 28O A MOV L, BEEOEETHIEIL TV
7272220 ET, o, BEEIZE B OBRGRELRIEL T ANTAIE T, VAT LAOKEEE MR T D4
ERHVET,

8177V —< a3 Bl

SN74AHC157-Q1 (Z7U YR 2:1 7 =X BLIHX | < VFTLIHTTF, ZOTTVr—a i, 2 DDV —R T /3R
DT 4 b 7 =4 NRRZGEZ DT DI BT R TOER R TR T S AADEN G OFl R L TOET,

82 RKEXNET IV — 3y

Vee
Vee AB
0.1uF J
DOA | 21 *®1v,| Dxa
|

X
DOA ——= J
poeY poB |24 ——— Syst
. | DOB J DOB ] 2A | =5 ystem
Device 0 [DOCYD1B| 28y v, L-52Y,| DXB

Controller
DOD -——= 'J
DOC } 3A 1 =7 48 3y | pxc
] u

pagal |
D1A § DOD | 4A "_ZTTJ av.| pxo

Device 1 D1C _——

D1D G
GND %

B 81. KFMN AT IV s—aro7Ov ol

8.2.1 B EH
8.2.1.1 ZEBICHT 3ZEEFH

HOOBEREENTHELREES M CRESN TWAHEHN ThLZ Ll LT 7, BRI 7 aicilis
NTCWBINNC, BIRBEILT A ADOBLRNEEEZRELET,

EEFEDOENRIL. SN7T4AHC157-Q1 DT R TOH NITLE- T —ASNARER . [ BEE RS- 5o
EBEIT (Ioc) PIRKAE, AT L TN BERTE ORBEEB RO AFHIELWEREZ A TEANERHVET, uy
7 FORARL, IEOBENSHESNDEIR DB E Y —ATEET, T KERK NS Ve MBI DR K
EEBZ 2N TLIES N,

75 RiZ,. SN74AHC157-Q1 O3 RTOH NIZE > T 7ENHRET. [EBREE ICE#SN -1 & ER
(lcc) DEKAE, AT L 7 I BT EOBEEBERDOAFHIELWEIRE L LV TEOLERHVET, avvs T
ARE, TR I CEDERD Iy 7 TEET, T i KIEF | IZFLEiS 472 GND #RE it D fix K%
BRI TLIEEY,

SN74AHC157-Q1 I, 7 —# L —brDOHAEE T X TizzLo>o., &t A & 50pF LI FOAfMEEE c&xEd, 2y
KERBFEMAREZEAINTAZELTEET A, 50pF 2B DT EFHERL A,

SN74AHC157-Q1 1%, IBAMFHE  BICERSN COWAH NEEBIOER (Vou BLW Vo) TR 2Vo /1o T

RIRENHEFHESLO AR A BRE) CEE 3, High JREETH T 256 ZOXDO M EEZ, BlELH EEE
Ve BV OBIREBEEDOZELLCERSNET,
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MIHE A /113, TCMOS D # & 1& Cpd OFFHNIFEHES N TWDIEBRAE AL CRHE &%,

B EFT T =T 5L 0mY 7 (SLL) Sy — VB L OT A RO BRENCGERS N CO D I #RE AL TR
TEET,

TR
st e RTERE RSN B RS EBIRE (Tymax) 13 AT A RADHBEE B 1L T D7D DB O]
FRAE 9, xR RER RSN T R TORIBREZ 2372 9 LI L TSV, 2B il RAE
1, TANAA~OHEGZETEDICHESN T ET,

8212 ANICEIT 5ZEEE

]\j]{%%li\ VIL(maX) ’%ﬁ%ﬁf_é&m‘\//y Low &ﬁfcﬁéh\ VIH(min) %ﬁ%\_é&ﬂ“//ﬁ ngh &E&fcaéhij‘o r%@fﬁ%ﬁﬁé
B IZREH S N R A EE#PA A 2 VIO TIZE LY,

KD A, Voo F1E7 T2 RICHKIESE 2 BERHVET, AR FEST-EDNTUORWES T, K H O A
N EEEIRSELTENTEET, AR FERFCIIe| FEx fERSNDSG A X, T Ty T I Un T 2o Rkt
Bt T2 A[RE T, T 7 A/VNIREEN High DA T T AT o 7. 77 4/VNREEDS Low DAIZIZ T VA
TUOBBIAE R LET, v e —SOBREIE T, SN74AHC157-Q1 ~DVU—27 & (TEKIEE ] THE). BLOW
2 ANJJEBL — ML TIRELO YA X HIBRS N E T, ZHLZERIZEY 10kQ OIEFUESUIZTUIREASIvET,

SN74AHC157-Q1 X CMOS A& 2 T\ D72 IELLEMET 2120E, THEEENESME ) R TERSINL TWD LI,
AN DBHFRLEBTIHILENHOET, ATIEBERNEBEVERIENEEL, HEE O KT A ADEHEEDK T2
BLLZERBVET,

ZDOT ISAAD AFIDOFERNC DN T, BRI £/ v a2 B RLTLEE,

8.21.3 HiHICEIT 5 ZHEH

IEDOBIREEZM AL T, 1) High BEAAERRLET, HA0bERE 5 EH I &, TFEXRRHE O Vo (AR THE
SNIIDNTHNEEME T LET, 77 REELZEML T, ) Low EEZAERLES, HAICEREZS 7758,
MRV D Vo R TRUES NI EED ERLET,

HEFHOBIH Tho T, WOIRBBITRD A REME DD DT Y 3 27 VT EWICEERE G L RN TTZE W, Zh
3 HERSCT AN AA~DRGEZ G ST /RS DY ET,

FCANE BafOR—T S AZND 2 SOF ¥ Va2 WHNHHGE T DI L8 BB DR EZ &b H I LM TE
7,

KEHOHNITa—T 4 T OEEICTEET, H%E Voo F137 T RICE#ER LN IO TLEESWY,
AT SAAD I OFEICONTIL, HERERL &7 a2 2L TZEn,
8.2.2 /R ERETFIR

1. Vec & GND ORNCT o7 V7 a7 o aBMLET, ZOar 7 o3k MBS T SAZADUL, 722 Vo
v L GND B Ol FICEKMNII DT THE TAOLERHVET, VAT UM L AT UM BZa iRLE
7

2. HAHORFEMARIT, 7 50pF LLFIZ/AR5I0ZLET, ZAUTEE 2R TIEHD FH AN, 5%5t . PEEEN i
HbEAET, ZauE, SN74AHC157-Q1 35 1 D FIFEBOZIE T SA AL TO R —RE B W E Y72 A X
\ZTHIETCERITEET,

3. HAOEPMERMZ (Voc/lomax)Q JVRELET, ZNEATIE, TR IER | DR K /B IRICER 350
ZRSTENTEE T, 1ZEAED CMOS AJjiE, MQ HAAL THIE SO AR 2 2 CWET, Ziud, kit
TRtR SN i/ IMESVIE DT KEVME T,

4. B\ORENRaT ) F—RNIE-TRIBEERDZERFEAEDVEE A, 7272 BB LD ERIT, 77—
var LAR—KCMOS {H#E#E /1& CPD Ot R NZFEHIN WL FIEZH AL CHETEET,
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8237 V- a g

A/B I |

8277V —av 414V

8.3 BRICEIT H#REIR

IR, THESRE RSk ) IR SN T IR R EAS D/ ME L e RME DRI DB O BEL M ] TEET, B
ELEBHIE 5728, 45 Voo M YR AR 2 T U AR E T AL ENHYET, ZOT /A A2 0.1uF o=
T YRR ET, DN ar T oY EWSNICEEL T, BRDEWE D /AR & RETHIENTIESIVE
T M, 0.1pF & 1uF o= 7 U T FNAE RS E T, SA/SR a7 o a2 B O TE LT E<IZAL
B DERGE IR FE RGO ET,

84147V h
841 VAT DAL RIA Y

SNFANBIOYNAVTFFXxxNOuLyl TARLAAENT 5856 ANa7a—7 407 DEEIZLTUIWT EE A,
L DYE T VXNV ERET NAADOBEREE IR O — RIS ER A (TzE 201X N7V AT AND & —hod 2
DDA DOHEFERTHHER 4 2O T7 F—=bDHHED 3 DOHEMHERTH5E), ZOXIRRMEHDOANE
ERPEROEEIZTHILIITEEE A, SMBER OB LR RMETE OB 6 BIERENREIDTeD T, 740
10y FORAADKEHAATNET X T, ATEEDHAETERSNDL2Y Y7 High £72i3nyy 7 Low BEHEITHEEL
T ENBRTa—T A TIZRBRWNIINZTHMENHVET, FFEDRMEHANTHEH T E R NHLHaY v L
T, T ARAADKEREIZ L > TRV E S, —fRICATIL, GND F7/21E Voe DB, BY v/ OREICE > TXVIEY)TH
HNEORENED @m T IS ET,

8.42 L1477 Ml

GND Vgc
Recommend GND flood fill for Bypass capacitor
improved signal isolation, noise E.] placed close to the
reduction, and thermal dissipation 0.1 uF device
ABLCI 1 o 16 =3 Ve
1A 2 151G
1BCT 3 141 4A
1y 1 4 131 4B
2ACI 5 121 4Y
2B1] 6 1T 8A  Unused inputs
Avoid 90° oY 7 10T 3B tedtoVec
Unused output
corners for - GND 1] 8 9 13 3Y :
signal lines left floating

8-3. SN74AHC157-Q1 DL A4 7Y il
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RF 2 A MO FEHIT DV TOBEZ 32T EADIZIE, www.tij.co.jp DT /A R8T 7 4 V2 % BIWTLIZ S, [BE] 27
Uo7 U TR HE, BRINIZT R TORERICBE T2 AT AN ITRAZENTEET, ZEHEOFEMIC
DWTHE, WETESNTZRF 2 A MIE EN T \Z)E&JE@%:‘%Uiéb‘o

9.2 HR—pF - VY=

TXYARAL R VAY E2E™ AR —h T4 —F AL, V=T BRRGEF A D RIE LR EFHIE T 58 Mo F AN
— IS EIN D EEG D ZEN TEDL LT T, BMFORIZEZ R LD M A OEMAZLIZD 528 T, Gt THE
IR BRI AFHIENTEET,

V73 TNBar 703, KB IZID BUROEE 1 BIEINDHOTT, ZNOIET T R A AV LAY DO

BERRERR TALDO T BT LE TV R A RN ALY D BfRE KL O TRBHOER A, TF TR AR
VALY DS E BRI TLIZEN,

9.3 BiE
TV R ARV ALY E2E™ is a trademark of Texas Instruments.
T ARTOPEEL, %zh%z}’W)Fﬁﬁ%‘ JRELET,

9.4 HEIMEBICHT S EEEE

ZDIC 1%, ESD Ik THHBETATREMERHV ET, TH VPR AL AV A VT IC BB I HE ICE YR E 2O
A FHEELET, ELVRDI B LORE FIEC bRV A . 7 AR T 252 NBHIET,

A\ ESD (CLBHHRIL DT DRIEREI F b T A ADSE R ECHIGI DT, 7 IC DS, $TA—F Db P
BT BT TARSN TSN OANSG TR D BT, IR RA LT Ao TOET,

9.5 FRE
THA A AR LAY R CORFEEIZIT. HEERKEO —ERBLOEBIGLHEIN CWET,

10 KETREE
A £t kAT pan
2024 452 A * WK

M AAZHIV, Ryo—2, BEIWENER

LI D R =N ZiE A=k oy —2  BIOE BT AE RN TEHIN TOET, ZOFHRIT. FBEDT A
AN CEDRFTOT —F T, ZOTFT —Hi%, TERL ZORF2 AV M UETETICEFTINIHENHET, A
T =2 = DT TV E A SN CWAIEEIT. iAoy —ary Vo725 TLEEN,
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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 ©)
@ )

CAHCT157QWBQBRQ1 Active Production WQFN (BQB) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AT157Q
CAHCT157QWBQBRQ1.A Active Production WQFN (BQB) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AT157Q
SN74AHC157QPWRQ1 Active Production TSSOP (PW) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AHC157Q
SN74AHC157QPWRQL.A Active Production TSSOP (PW) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AHC157Q
SN74AHC157QWBQBRQ1 Active Production WQFN (BQB) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AH157Q
SN74AHC157QWBQBRQ1.A Active Production WQFN (BQB) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AH157Q

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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. TI 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 SN74AHC157-Q1 :
o Catalog : SN74AHC157

o Military : SN54AHC157

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
L@l e )
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)
CAHCT157QWBQBRQ1 | WQFN BQB 16 3000 180.0 12.4 2.8 3.8 12 4.0 12.0 Q1
SN74AHC157QPWRQ1 | TSSOP PW 16 3000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
SN74AHC157QWBQBRQ1Y WQFN BQB 16 3000 180.0 12.4 2.8 3.8 1.2 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)

CAHCT157QWBQBRQ1 WQFN BOB 16 3000 210.0 185.0 35.0

SN74AHC157QPWRQL1 TSSOP PW 16 3000 353.0 353.0 32.0
SN74AHC157QWBQBRQ1 WQFN BQB 16 3000 210.0 185.0 35.0
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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.
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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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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.
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GENERIC PACKAGE VIEW
BQOB 16 WQFN - 0.8 mm max height

2.5x 3.5, 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.

4226161/A
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PACKAGE OUTLINE

BOB0016B WQFN - 0.8 mm max height
INDSTNAME

B4 38—

PIN 1 INDEX AREA /

ww
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% o
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TYPICAL
f
0.8 MAX
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- 11
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e T
: (0.16)
‘ @ SY(S/IM )
|
7 ,4,7@% 2.1 D
1.9
D
0.3 )

IAIARA
y

0.1M|C|A|B
154( A4 0.05@[C
PIN 11D

16

4226135/A 08/2020

NOTES:

1. Alllinear 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 optimal thermal and mechanical performance.
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BOB0016B

EXAMPLE BOARD LAYOUT

WQFN - 0.8 mm max height

INDSTNAME

| -
|
|
16X (0.6) m
16X (0.25)
L@
I
10X (0.5) S
SYMM Cb

/Cb
(R0.05) TYP

(@ 0.2) VIA
TYP

LAND PATTERN EXAMPLE

EXPOSED METAL SHOWN
SCALE: 20X

4226135/A 08/2020

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
BOB0016B WQFN - 0.8 mm max height

INDSTNAME

16X (0.6) —

16X (0.25)
F

METAL TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
85% PRINTED COVERAGE BY AREA
SCALE: 20X

4226135/A 08/2020

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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