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3 Pin Configuration and Functions

1A ] o 14]] Vee
1B[] 2 13]] 4B
1Y ] 3 12]] 4A
2A[] 4 1]] 4y
2B [] 5 10]] 3B
2Y | 6 9] 3A
GND [} 7 8[] 3y

3-1. D or PW Package, 14-Pin SOIC or TSSOP (Top View)

R 3-1. Pin Functions

e PIN NG TYPE DESCRIPTION
1A 1 Input Channel 1, Input A
1B 2 Input Channel 1, Input B
1Y 3 Output Channel 1, Output Y
2A 4 Input Channel 2, Input A
2B 5 Input Channel 2, Input B
2Y 6 Output Channel 2, Output Y
GND 7 — Ground
3Y 8 Output Channel 3, Output Y
3A 9 Input Channel 3, Input A
3B 10 Input Channel 3, Input B
4Y 11 Output Channel 4, Output Y
4A 12 Input Channel 4, Input A
4B 13 Input Channel 4, Input B
Vee 14 — Positive Supply
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 3
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4 Specifications
4.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT

Vee Supply voltage range -0.5 7 \%
v, @ Input voltage range -0.5 Vee + 0.5 v
Vo @ Output voltage range -05 Vce + 0.5 \%
lik Input clamp current (Vi<0orV,>V¢e) 120 mA
lok Output clamp current (Vo <0orVp>Vce) 120 mA
lo Continuous output current (Vo =0to Vce) 150 mA

Continuous current through Ve or GND +200 mA
Tstg Storage temperature range -65 150 °C

(1) Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability

(2) The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

4.2 Recommended Operating Conditions

over recommended operating free-air temperature range (unless otherwise noted)("))

MIN MAX UNIT
Vee Supply voltage 2 6 \%
Vee =3V 21
Viy High-level input voltage Vee = 4.5V 3.15 \Y
Vee =5.5V 3.85
Vee =3V 0.9
Vi Low-level input voltage Vee = 4.5V 1.35 V
Vee =5.5V 1.65
V, Input voltage Vee Vv
Vo Output voltage Vee \%
Vee =3V -12
lon High-level output current Ve = 4.5V -24 mA
Vee =5.5V -24
Vee =3V 12
loL Low-level output current Vee = 4.5V 24 mA
Vee =5.5V 24
At/Av Input transition rise or fall rate 8 ns/\V
Ta Operating free-air temperature -40 125 °C

(1)  All unused inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

4.3 Thermal Information

SN74AC08-Q1
THERMAL METRIC(") D (SOIC) PW (TSSOP) UNIT
14 PINS 14 PINS
Rgya Junction-to-ambient thermal resistance 119.9 145.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics .
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4.4 Electrical Characteristics

over recommended operating free-air temperature range (unless otherwise noted

= Ta =-40°C TO Ta =-40°C
PARAMETER TEST CONDITIONS Vee A 125°C TO 85°C UNIT
MIN TYP MAX MIN MAX| MIN MAX
3v 29 29 2.9
lon = ~50uA 4.5V 4.4 4.4 44
5.5V 5.4 54 5.4
Vou %
lon = —12mA 3V 2.56 24 2.46
45V | 3.86 3.7 3.76
lon = —-24mA
55V | 4.86 47 4.76
3V 0.002 0.1 0.1 0.1
loL = 50uA 4.5V 0.001 0.1 0.1 0.1
5.5V 0.001 0.1 0.1 0.1
VoL Vv
loL = 12mA 3V 0.36 05 0.44
4.5V 0.36 0.5 0.44
loL = 24mA
5.5V 0.36 0.5 0.44
I AorBports |V,=Vgcor GND 5.5V +0.1 +1 +1 A
V| =Vgcor
lec G'ND’ ce lo=0 5.5V 2 40 20| pA
Ci V| = V¢c or GND 5V 45 pF

4.5 Switching Characteristics, Voc = 3.3V * 0.3V

over recommended operating free-air temperature range, V¢ = 3.3V % 0.3V (unless otherwise noted) (see Load Circuit and
Voltage Waveforms)

oro Ta =-40°C TO | T, = -40°C TO
Ta=25°C o .
PARAMETER FROM (INPUT) TO (OUTPUT) 125°C 85°C UNIT
MIN TYP MAX| MIN MAX| MIN MAX
t 15 75 95 1 12.5 1 10
PLH AorB Y ns
tonL 15 7 85 1 1.5 1 9

4.6 Switching Characteristics, V¢ = 5V £ 0.5V

over recommended operating free-air temperature range, Ve = 5V + 0.5V (unless otherwise noted) (see Load Circuit and
Voltage Waveforms)

_ opo Ta=-40°C TO |Tp = -40°C TO
Ta =25°C o o
PARAMETER FROM (INPUT) TO (OUTPUT) 125°C 85°C UNIT
MIN TYP MAX| MIN MAX| MIN MAX
t 1.5 55 75 1 9 1 8.5
PLA AorB Y ns
tprL 1.5 7 8.5 1 11.5 1 9
4.7 Operating Characteristics
VCC =5 V, TA =25°C
PARAMETER TEST CONDITIONS TYP| UNIT
Cpd Power dissipation capacitance C_ = 50pF, f=1MHz 20 pF
Copyright © 2024 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS PE) #55F 5
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5 Parameter Measurement Information

o 2 x Vcc
51/‘
500 Q
From Output AN © Open
Under Test l
CL=50pF 500 Q
(see Note A) i|j
LOAD CIRCUIT

A. C_ includes probe and jig capacitance.

Input . - _o e VCC
(see Note B) 50% Vce 50 % Vec
| | | oV
|
teLH +_H | tpHL
| | ——— Vou
In-Phase | 50% Vee 50% Ve

Output i Vo

|
_ﬂ_’l —p—t
tpHL | | PLH
|

Out-of-Phase l Vo
0, O,
Output Sk 50% Vcc le 50% Vce

——= Vo

VOLTAGE WAVEFORMS

B. Allinput pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zq =50 Q, t, v 2.5 ns, trv 2.5 ns.
C. The outputs are measured one at a time, with one input transition per measurement.

EJ 5-1. Load Circuit and Voltage Waveforms

TEST

S1

tpLH/tPHL

Open

6 BRHCT BT — RS2 (DA RBE bt B
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6 Detailed Description
6.1 Functional Block Diagram

6.2 Device Functional Modes

A

)
-1 J

6-1. Logic Diagram, Each Gate (Positive Logic)

# 6-1. Function Table (Each Gate)

INPUTS

OUTPUT Y

H

X| || >»

| X IT|®
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7 Application and Implementation

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

7.1 Power Supply Recommendations

The power supply can be any voltage between the MIN and MAX supply voltage rating located in the
Recommended Operating Conditions table.

Each V¢ pin should have a good bypass capacitor to prevent power disturbance. For devices with a single
supply, 0.1 pyF is recommended. If there are multiple V¢ pins, 0.01 puF or 0.022 uF is recommended for each
power pin. It is acceptable to parallel multiple bypass caps to reject different frequencies of noise. A 0.1 yF and 1
WF are commonly used in parallel. The bypass capacitor should be installed as close to the power pin as
possible for best results.

7.2 Layout
7.2.1 Layout Guidelines

When using multiple bit logic devices, inputs should never float.

In many cases, functions or parts of functions of digital logic devices are unused, for example, when only two
inputs of a triple-input AND gate are used or only 3 of the 4 buffer gates are used. Such input pins should not be
left unconnected because the undefined voltages at the outside connections result in undefined operational
states. 73 a2 7.2.2 shows the rules that must be observed under all circumstances. All unused inputs of
digital logic devices must be connected to a high or low bias to prevent them from floating. The logic level that
should be applied to any particular unused input depends on the function of the device. Generally they will be
tied to GND or V¢¢; whichever makes more sense or is more convenient. It is generally acceptable to float
outputs unless the part is a transceiver. If the transceiver has an output enable pin, then it will disable the
outputs section of the part when asserted. This will not disable the input section of the 10s, so they cannot float
when disabled.

7.2.2 Layout Example
GND Vec
Recommend GND flood fill for
improved signal isolation, noise Bypass capacitor
reduction, and thermal dissipation I:.] placed close to
0.1 pF the device
1ACIT] 1 o 14T 1Vee
Unused inputs
1B 2 18CT4B ieq 10 Voo
1y 3 12[T14A
Unused output
e [ left floating
2B 5 101138
2Y 6 9 3A
Avoid 90°
corners for . GNDLCT 7 8 [1T13Y
signal lines
B 7-1. Example Layout for the SN74AC08-Q1
8 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated
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8 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

8.1 Documentation Support
8.1.1 Related Documentation

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

X 8-1. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
SN74AC08-Q1 Click here Click here Click here Click here Click here

8.2 KFa Ay bOEHBHMERITMSAE

R A RO EFHZDOWTOBRENZ 32 1T LD IZIE ., www.tij.cojp DT /3o RELGL 7 4 V7 % BIWTLIZS W, [l@Hn] 27
Uo7 U TR Db, BRINIZT X TORBFERICEAT XA AN HHZ TIADZENTEET, ZHOFEMIC
DN, BIESIIZRF 2 A MIE EFNL TV DG B A Z B LT723 0,

83HR—F-UY—2R

FXH A AL AV LAY E2E™ YR — R T A —TF AL, TV T BRREEE D A LSBT A N AN
—IPLRGEN D EEEAZEN TEXAGHT T, BEFEORIEERRZ LD, ME OEME LIV T52L T, i T
X IGAZ LN TEET,

V783N TNHar 7203, EFREICEIVIBIROEE RIS O T, ZNBITTXF AL AL AY DL
BEERRERR T LD TIEA BT LETHF I R AL AV AY D RIRZ ML O TIEHVEE Ay TR YR A2
VALY O SR A SRR TTEENY,

8.4 Trademarks

TV A ARV VALY E2E™ is a trademark of Texas Instruments.

T RCOPEEL, ENENOFAEICFELET,

8.5 BHESNEICHT 5 EEEIE

ZD IC 1%, ESD (2L THEIE T A REMENRHVE S, T R AL AV LAV T, IC BB L ISl e E A o2&
A FHLRLET, ELOEVHWBIORE TIEICHEDRWES ., T A REET82nnH0ET,

A\ ESD ICEBMHEAIE, DT DR MAEE T DT A AD TSR E CHIGI DD E T, K72 IC DG, /$TA—FHD T
BT BT ARSI TOBHARN DAL TTHREME A B B728  BHERRAE LT <o TVET,

8.6 AR

FRA R AL RNV AT HEE ZOMFERIZIT, HEERIKGEO —HB L OERD LI TOET,

9 Revision History

BRE T RBOEFIIEGETEZR L TNET, ZOUGETEEITEGERICHEC TOET,

Changes from Revision A (January 2008) to Revision B (July 2024) Page

o IR —UEHIER, Teroise) . TESD EM £, TBMIBT 21 E. [T A ADKREEE—R]. 77U
—ardFE 1 ervar [T AL ABLORF 2 A MDY R =N eI ay [ AB=Jv ol —2 BIONET
Rz D I 1 OO 1

» Updated RBJA values: D = 86 to 119.9, PW = 113 to 145.7, all values in °C/W ..........coooiiiiiiiiiiiee e 4
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10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Tem Op Temp (°C Device Markin Samples
ge lyp g g p p p g p
@ Drawing Qty @ Ball material ® (415)
(6)
SN74AC08QDRG4Q1 ACTIVE SoIC D 14 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 AC08Q
SN74AC08QPWRG4Q1 ACTIVE TSSOP PW 14 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 ACO08Q
SN74AC08QPWRQ1 ACTIVE TSSOP PW 14 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 AC08Q



http://www.ti.com/product/SN74AC08-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/SN74AC08-Q1?CMP=conv-poasamples#order-quality
http://www.ti.com/product/SN74AC08-Q1?CMP=conv-poasamples#order-quality
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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 SN74AC08-Q1 :
o Catalog : SN74AC08

o Military : SN54ACO08

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications

Addendum-Page 2


http://focus.ti.com/docs/prod/folders/print/sn74ac08.html
http://focus.ti.com/docs/prod/folders/print/sn54ac08.html

PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 22-Jan-2025
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)
SN74AC08QPWRG4Q1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
SN74AC08QPWRQ1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
SN74AC08QPWRQ1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1
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www.ti.com 22-Jan-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74AC08QPWRG4Q1 TSSOP PW 14 2000 356.0 356.0 35.0
SN74AC08QPWRQ1 TSSOP PW 14 2000 353.0 353.0 32.0
SN74AC08QPWRQ1 TSSOP PwW 14 2000 356.0 356.0 35.0

Pack Materials-Page 2




PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

1. All linear dimensions are in millimeters. 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 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.

(G20 w N
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

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

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

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
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

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
TSSOP - 1.2 mm max height

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
= |
. :
. 0.30 T
- Mo 12 MAXL
43 [ [01@ [c|A[B] '

NOTE 4

\\.

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

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/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
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PWOO014A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

[N
N
X
BelCinE
N
a1
N
J

1]

SYMM

=
1)

L

(5.8) !

LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

JL* 0.05 MIN
ALL AROUND
SOLDER MASK

DEFINED
SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/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
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

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

4220202/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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