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6.6 KRV (continued)
Ta =25°C, Vg = 5.0V, Vem = Vs/2, R oap = 10kQ % Vg/2 (283t CL = 100pF D354 (RrIZFLak D72y RD)
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6.6 KRV (continued)
Ta =25°C, Vg = 5.0V, Vem = Vs/2, R oap = 10kQ % Vg/2 (283t CL = 100pF D354 (RrIZFLak D72y RD)
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6.6 KRV (continued)
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6.6 KRV (continued)
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& 3 1
7.5
10 0.1
.50 .25 0 25 50 75 100 125 1 10 100 1k 10k 100k ™M 10M
Temperature (°C) Frequency (Hz)
5 f&
% 6-27. B — « 54 > ERE & DBI% 6-28. PV —THNA > E—F R EBABEH EDRR
60 80
— Riso=0Q — Riso=0Q
55| — Riso=25Q — Riso=25Q
— Riso=50Q — Riso=50Q
50
g g
] k]
2 40 2
] ]
5 35 :
o] (@]
30
25
20 0
10 100 1000 10 100 1000
Output Capacitance (pF) Output Capacitance (pF)
G=+1 G=-1
6-29. MEB A —/—> 21— M LBRUEBR L OBRK 6-30. MEFF —/N\—>a— b L BREAT & DB
(10mV 25w ) (10mV 257y )
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6.6 KRV (continued)
Ta=25°C, Vg = 5.0V, Vom = Vs/2, R poap = 10kQ % Vg/2 (Z#5Eft. CL = 100pF DA (FRZFLIR DR RD)
— VN
— Vour
= g
S >
> €
- S
o )
g g
o ©
> 5
>
— Vn
— Vour _I
Time (100 ps/div) Time (5 ps/div)
6-31. (IEREIZ L 6-32. IEDBAF M 5 DEE
— V|n — Vi
— Vour — Vour
z -L—-——-—-
S
3 v
® S
g 8
5 2 T-—
Time (5 ps/div) Time (10 ps/div)
G=+1
6-33. ADBEF M S DEE 6-34. IMEBRT v TI5&E (10mV X7 v 7)
— VN t \ — VN
— Vour us — Vour
_ —— <
3 s
o >
£ 5
o g
S Y
g 2
S S
e orp——— >
Time (10 ps/div) Time (10 ps/div)
G=-1 G=+1
6-35. IMEE X T v THE (10mV RF v ) 6-36. XKIEBRAT v 7% (4V AT v )
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6.6 KRV (continued)
Ta=25°C. Vg = 5.0V, Voum = Vs/2. Rioap = 10kQ % Vg/2 IZHEE:, CL = 100pF D34 (R R D72\ EY)
— Vi — Falling
— Vour — Rising
8 = \
s} = e
: A%
8 =]
5 o) u \/
>
Time (5 ps/div) Time (2 ps/div)
G=-1
6-37. KIEBRT v TIEE& (4V AT v ) 6-38. €U Y - H4 L (IVIERT V)
90 7
—— Sourcing — Ve=+2.75V
85 —— Sinking 6 — V=10.85V
= 80 %5
£ < )
S >
£ 70 =
Q >3
265 Z
© 60 c 2
55 1 \
50 0
-40  -20 0 20 40 60 80 100 120 140 1 10 100 1k 10k 100k M
Temperature (°C) Frequency (Hz)
6-39. WA ER LBE L DBAR 6-40. RAHAEE & Bk & DR
140
120
100
o
°
+ 80
z
& 60
=
w
40
20
0
10M 100M 1000M
Frequency (Hz)
PRF =-10dBm
6-41. EMIRR & Rif¥ & DRIk
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7 FFHHRLEA

7.1 BE

OPA396 I3, M DA 7'y b N AFEEAF AL KA 72y b ARHEE O e-trim 4277 (HAEEIEZ) T
T ZDOFRT NI ASIA Ty NEE, RUTZ R, AJTIANAT ZAER I IETIEL BiiE &5 1 {)Iu@ttiﬁﬁléifl%
W CWES, OPA396 1% 1.7V~5.5V TEMEL, 2=T 4 F AL TLELTEY, SESFRPHPSERKEDOT
Vo —ar HICEESICWVET,

HINZIEEWEEMEAMIZIAOND B EREENRSY, MEFE T E LML FIEL FT, OPA396 (X, AJj/ o1
TAEGE ATy NELE, HEENINEELRE AL R T 7 T,

728870y IR
Vi - - -
Qg eument (]D (1)
e = B N

Veiast Class AB
Control — Vo
Circuitry

an -

0 9 ¢

(Ground)
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7.3 BRRERREA

731 EWAANSL 7 RER

OPA396 X, CMOS AJj&E fE7e ESD fREMIFRICED | FEFITARNWATI AT RE A EBLET, AJIAT RE
it (Ig) 1%, EIZ CMOS AN) 77 D AT 1R RITUKAF L E T, ESD B/ ZHEEITHRET LW &, FrICIR B 2
RIZHT=>T, CMOS ASJ T /RAATREIRATINAT AETRINIEAET DA REME R HV E3, OPA396 1%, 125°C Tl
K £30pA DENTZAT)ASAT AETEMEFZHLET,

732 AhZEBER

OPA396 TIZAJ)/—RIZH A A — RSN TORWo | EIREEMOEE @Aﬁﬁ}— (RIS TEET, X
7-1 AT O ZRLES , ZOT AR, BIRELEL LESRVMEE OZEB AN EEITIHZ S ET 23, 0.5V &
HE A DA A FEE TIIEGENES TN IO L TTZE W,

V+
b
1kQ
+IN —AA——
1kQ CORE
—IN o—— +
- 1

7-1. EMA S B

7.3.3 REMRHEESREN

OPA396 1%, fx K 1nF O &AM TH L E M2 MR 372 @ B 72 1 BREN R A0 2 CUOvET, Z<OKEr IEERT
AR M BEOANATREHENDERL NV ENW D FEEAMICER TAEZEEMMETLET,
OPA396 1%, mWWAEMAMICE ST HH N BEAHEHL CREFSILTEY I BMOEEERITHEAELEE A, ZOKRE
& T T RTOIRE R EBIRFIFICBNVTLEEMEDEBNT NAAZRECE | BRIV AT MWERBEZ FHL FT7,

7.3.4 EMI &%

OPA396 (X, WE D BT (EMI) 7N ZE2FHL T, VA PLRABERC, Tl 5T o—r b7 DXVEL AR
HAE DT @B EFZIEOR =R EnBRAETH EMI T O B2 KL 97, EMI i, B G FEIcdvik

FIHETY, OPA396 |3, ZDOJHRak it OUGEAIE AL CWET, 7TF AR A LAYV AV 10MHZ 735 6GHz &
TOMRIEWERE AR MO T AT U 7 Ol 2 ERICHE B L OKEL T EE2BELELE,
OPA396 TZDT AN TSR % X 7-2 ITRLET, EBEOT 7V —al C—RAICH A T DR E O JE 0
F1F5H OPA396 @ EMIRR +IN Offiz 3 7-1 [ZRLET, & 7-1 IR T T 7V r—raid, RIORTHRE O JEH K
EHLELT, FEZOEEEROMECHAINET, FHMIZOWTL, [FX7 70 EMI BrRER]T 7V r—ra
Ve LR—=MEB LTSN, 207 7V r—ar - LAR—MNE www.tijl.cojp HF T n—RTEET,

WLV (EMI) BRZELE (EMIRR) (X, A7 70 EMI iEERLFT, <04 T 7 IcdiEm 35 EE 2T RF
135 DEFICEDA 7 By NEEDENTT, EMI IZE-oTRETILIZOA 7o DO BLEBRETHDIZIDERI 22
FT TR EMIRR 3@ WHDOTHY, ZiUTT v~V OIETEEILSET, EMIRR ORE XS EIFe H1ETE
ITTEETR, ZOEZ2ar Tl EMIRR +IN IZOWTEALET, 2, B2, RF 5503477 OIENER AT

VZEInENZEE D EMIRR MEREZ R THDOTY, —fRIZ, LT D 3 DOFHIZLY, EMIRR ([ZOW T IEKER A
TDOIHIPT ANSIET,
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1. IXTUTFOAIE T EMI OB L b S o W2 ENEDN TRY I ERE -3 e Los it
< RFEH&EEHRLES,

2. IEREBIOKEGEA T 7 AT, SRR ERL AT MER L TEY ., EMIRR MEREDNZIE —H L TWVE
K

3. NI A% PCB LTtk C& 572, FENiZE T EMIRR I, hot' s KL T3, ZoHkx
(2XY, RF 15 5% FE s A 18-\ CEBEEIINCX | oL & DR MEZAR HAEH S PCB EC#ROBEwe X E L%
A

HIBNE N D AT VR T FROE B I LT, TNEWET A2 DT VT DN —T T A ISR 537200 T | A2
T T ONT DO AN U THEENRE BB E TN Snb e, BEENRETARREELHVET, AT E
PR, FXH N E EMI E72136 ) EMI 3MFET 58, THILZeW DC A7y b, @IEEE ., ZOMoORMOEE
DRAETHAREMENHVET, JAADLNERIZE S TUX N Tav) A B2—T ARG, R T S us - ) —K%
YN — VR, BT 23 ERE L TEEN,
OPA396 @ EMIRR +IN O & ¥kt X 7-2 (TRLET, OPA396 D=F ¢« 7 A L HHElEIL 1IMHz T3, ZDJH
WERITO EMIRR MEREIL., T4 215 5034 T 7 ORBIENIZHHZ 2R TOET,

140

120

100

80

60

EMIRR IN+ (dB)

40

20

0
10M 100M 1000M
Frequency (Hz)

7-2. EMIRR 7 X b

xR 71. BERRKICETS OPA396 D EMIRR IN+

R TV —ar BXOEI YT EMIRR IN+

400MHz ENAVIERL B SAOVETR, FHCOEM, K&, L —F — mlE (UHF) 77V r—var 39.1dB
SHAES = mi/‘ g S S S o e, S 'J‘% N g

900MHzZ GSM Bl (E VAT A, MHEIG, B 47— a2 GPS (lkim 1.6GHz £T). GSM, #iZeEhiE(E . 46.5dB

UHF 77 V/r—av
1.8GHz GSM 77U —ra, AL S F LG, 7 E—R AR 5, L /5K (1GHz~2GHz) 61.3dB
802.11b, 802.11g. 802.11n, Bluetooth®, E/\A /L« X—F)Lidf5, EEEA, BEABLOEREA (ISM)

2.4GH o k .8dB
CHz  tiint 7 ~F o7 B L O S /3K (2GHzZ~4GH2) 69.8d

3.6GHz BERLRIGT . 2B E B L O —rar iR, B8, S UK 82.5dB

5GHz ggzﬁl 1) a. 802.11n, MZEBIEL T F —Tar B VIBIE, FHEME TOEM., C R (4GHzZ~ 83.6dB

7.4 TINNA ZADEEEE— R

OPA396 (I3 H. —HEHEE —F73%0 , IS 1.7V (£0.85V) & LI DXL £3, OPA396 0 ik K L1
5.5V (£2.75V) T,
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87 V=g RE

H
LFoT7 7V r—ar it TI OB AERRICE LD T, TI TIEZED EMMEFRITmets

TRAEVZLE A, fll 2 O BB 2 - OBEEMEIC DN TR, BERROEETHMTL TV e72<Zeic
ROET, BERITE T ORGIFEELEMFAEL T AN 528 T, VAT LOKBELHER T DL ERHVET,

8177V —< 3 iBR

OPA396 |T2=T 1 - T ALV BEDENEEA T 7T, PWILARWH ) BI ORI AL 8 A, OPA396 1%
FERIRL — b —L— L A ICRE LS T AT IREE, B IREME, F/3 0B ERE AR FTHE T,
NSO ERERE AR ARDA LT 7 1%, EIFE 100mV Llﬁl%ﬂﬁ GPHAZFF OB ALY —H AN B2 T
By, 2 AN#HHACTEBIRBILEEZHARLET, OPA396 SKET 7L, voH TV r—var BT AF-idms
A DIRIEEE 1T Fal o T F e T T —ay RN EEBSIOT (A7) —h MOSFET £7213/ 3R —
F e RTANANFICERFI S TOET,

82RREBMNET TV — 3

8213EFCOHR - LY

8-1 12, 3 M F-D/NAT AL CO B Y EMAEDLETHEATL, VoI N~ A Ia/ U — R 7 ary sy Nalg
R LET, ZORUERFT. oS EEE 3 AT AP RBELSALFE B ICHIGH TEET, AT
1, B AEMBEIZEEEMR (WE), hU XM (CE), V7 7L A&k (RE) D 3 DOEMBHYET, &l CE
& WE D&, SN REICHAILET, RE INFRESOEMNEEHLET, XM TARLOE YT
CE O/NAT A%FHHEL T, WE & RE ZRIUEMMICHERFTA2X4ENRHVET, U1 Tﬁ/ﬁkéhtn‘7x/ax5’ﬁl§lﬁﬂ%
MLT, =R T =R 7T 7 a 1250 RE BV W Vrgg TRESNTIZEMITHER SN E T, Br Vo ER &

MRENTZD  RUITZENZHEFFLET, C1 L R2 IIART U arRI b AT TV — 2B L, 74— R\ W5 %
—EICERELET, U2 1IN A B —F T (TIA) 2B L., S DB & el EE A # L £
T NIV AA L —H LR A EZDORERAECDEE T, IRD X > T RE IZE- TRRESIET,

V1ia = (-1 * Rg) + VRer (1)

Rioad &\ BHEILE Y DA—— 2L THRESNOAREHUE T (—MMIZIX 10Q), WE TOEN I, FInEi
7z VREF L:io“(%ﬁﬁ?éﬁ’bi@‘o

Ry
MV

Cy

CE Il

I
RE Rioap Rz
AN . AN -

WE Vaer €—1 + U1
c OPA396
| |
I
Re

AV
Rioap
AN -
——p Vour
Vrer €— + U2

OPA396

K81.3%FCOHR-EUY
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8.2.1.1 Rt EF

ZORITIE, ¥ 8-2 ITRTEHT, CO BV DBREITT NAFHL T HiEEZ S 32 —h L TWET, 2032
L—yavid, 69nAlppm DEEEZFFD CO B VAT MMETHIDICKEISILTWET, BIREEE AID 22/ —X
(ADC) D K AJJFEEI 2.5V T, i AK#EE X 300ppm T3,

I CO Sensor

|
| Model | Vee
| cel —~ 10kQ

I AN
| |
: 260 mF —— 300Q :
| | 10 yF
| | ||
| 2Q I 1oka
| RE|__ A
I I VHEF
| | <P 1" OPA396
| |
| 130mF 3000 |
| |
| |
| | 110 kQ v
lsens 0 pA to 20 pA -
| I —>
| I 100 2.5
WE
| | AN )
HEF

L - — J +“———+1 OoPA396

8-2.COt VY -Zal—arOEKBHE

8.2.1.2 H# LR FIE

F1. Vrer BIEFZRELET, ZOBIEIT. R~y F— AESRRED D ATL 25T CE 8 1D/ WAL V%
TR THLOIZUET, Jiud, — Rz, BE (B ERR) OB, CE M 1-2% RE B L CRIZ/RDZE
BE BB TE, _UFHIE T, 2O ED Tk, 300ppm TH CE & RE D774 180mV ThHIEN DA
DELTZ, AD CE A7, 7y hb—2A, 10kQ HEHLO M O EIE M F AR T 5720, Vegr (& 300mV R LE
R

Vzero = VRrer = 300mV 2)
ZZT

. ref V7 7L AEIE (300mVY)
o Vyero: IBEEEE (300mV)

wIT, TRISNDRKBE CORKE P EREFRLET,

Isensmax = lperpPM * PPMMAX = 69nA * 300ppm = 20.7pA (3)
ZZT
 lsenswax: THISLD R K&

o lpgrppm: A —HLE LT BT (Alppm)
o ppMMAX: B2 K ppm #e 4B fE
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INSTRUMENTS OPA396
www.ti.com/ja-jp JAJSKV3 — JULY 2021
WAz, PIEITHEH ATREZR U 7 7L AL LD KREWH AL 7§ A RO F T,
Vswing = Youtmax — Vzero = 2.9V - 0.3V = 2.2V (4)
ZZ7T

* Vswine: THISNAH /) BITZL
* Voumax: 7 > 7 Dix K IAAL o7

B, M RAA T e R EREF AL T N AL e —X A HUE (RE) Z23HELET,
RF = VSWING/ISENSMAX = 22V/207}JA =106.28kQ (éﬁgéﬁﬁlli 110kQ 75:4%)%) (5)
8.2.1.3 7Y or—2 3 VIR

— V1A
— Vce
25V — Isens

Voltage (1 V/div)

Current (10 pA/div)

I 20 pA I—

Time (10 ms/div)

8-3. I al—bkEN/=300ppm D CO RTBICKT B Y DIBELE
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13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

8.2.2 4AmA~20mA DJL— K5t

T IR e — R A= gL s AT AI— RIS, TaB ARG — A= ar B EH T A7-01C 4mA~20mA DOIE{E 7 ah
LR LEST, RFEZ 2 B, 4AmA~20mA L —7 7T P U — g Tk, VEBE—h bV A3 Z~DENITE
FHEEER 4mA R IZHIBRENE T, ZOFBHHIBROT-D AR EE S DA A RIZRDET, OPA396 1T, (KiNEE
F. SRS SRR N E R IS AMA~20mA L — 7 - T U — a3 E FOSL OFEES R UET,

4.096 V
102.4 kQ
113 kQ 14.3 kQ O lour.
604 Q
20Q
O lour-
K 8-4. 4~20mAN—T - 4 25 —T 4 ADEKEH
8.2.2.1 R5EL
K 8-1. BRET/ISSA—%

IRGA—H i
BEEBET 100pA i
DAC il &+ 0V~4.096V

H B 4mA~20mA

8222 77— 3 B

Voltage ( 1 V/div)

— Vbac
— lout

AN IALo a2 NMWwE OO N ®

Time (1 ms/div)

8-5. AMA~20mA DJ)L—TIEE

48
44
40
36
32
28
24
20
16
12

Current ( 1 mA/div)
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9 BRICEAT 5iRREIR

OPA396 7 /S A Al%, 1.7V~5.5V (0.85V~+2.75V) TEIWETH2ZEAHESILTOET,

10479
1041 VA7 MDHA RS

BNV ATONREICH LT, FICBELEEFOZEEBEID L ET, N—R&ELL., TG &1L 7 VMR (PCB)
DT TR T =22 FERALTC, REERERLET NAADOE L O TEAETEICHELE T, BIRE L Oz

0.1uF oo F oV ZRELET, ZNHDOHTARTA 1%

MREEIT D202, 7T a7 BIBERICEN T o0 ERHVET,

10.2 LA 7V M

Keep high
impedance

input signal VN

away from
noisy traces.

PEREZ A ESE BRI (EMI) OB AIKRT 5708 D

Vs
R Minimize
F CBYPASS parasitic
inductance by
placing bypass
-IN | V+ capacitor close
to V+.
V-
+IN ouT o] o) VOUT

Route trace
under package
for output to
feedback
resistor
connection.

E 10-1. OPA396 DL 1 7 Kl
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MTFNARBEELVORF 2 A FOYR—-F
1.1 FNA ADHYR— b
11.1.1 BARYR—
11.1.1.1TINA-TI™ > S22 b—>53> - Y7 MO 7 (BES D >O0—F)
TINA-TI™ Y7o =7 1%, SPICE =P % _X—RA | Z LT B2 5 173 N T W EIE S 2L —y gy - ar I h
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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 ©)
@ )

OPA396DCKR Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 13
OPA396DCKR.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 13J
OPA396DCKRG4 Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 133

OPA396DCKRG4.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 133

OPA396DCKT Active Production SC70 (DCK) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 13

OPA396DCKT.A Active Production SC70 (DCK) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 13J

@ 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 Tl'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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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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