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5.8 HS 5% : OPA2391DGK Fl1 OPA4391PW ( 4¢)
MRS - Vg =17V E 55V, Ta=25°C, R.=10kQ , H Vom=Ve/2 ( BIAERH B )

2K \ MRS | BME BN BkE| B
FFERIE 28
(V-)+0.4V < Vo< (V4) - 0.1V,
100 121
Vem = (V-) - 100mV
Vg=5.5V (V-)+0.45V < Vg < (V+) -
0.45V , 100 121
Vem=(V-) -100mV , R, = 2k 0
AoL FF PR FL 18 2 dB
(V-)+0.4V< Vo< (V4) - 0.1V, 9 13
Vem = (V4) - 1.5V
Vs=1.7V (V=) +0.45V < Vo < (V+) -
0.45V , 86 107
Vem = (V4) - 1.5V, R = 2kQ
g
lout = OpA 450 kHz
uGB A 55 T G=1 lout = OWA , R = 50kQ 0.85 VH
z
lout = 100pA 0.75
GBW st i K 1 MHz
SR SRR G=-1,4V ik 1 Vius
ts Kasg il KEREEH] 0.1% , Ve =55V, G=1, 1V ik 8 us
tor puk= A/ =Ain | ViNx G =Vg 15 us
W
T 3
ARG FLYREIL I
V = 10 mV
° e
R =2kQ 40
Isc S IR Vs =5.5V 45 60 mA
Zo FFER 4 H BHAT f=1MHz , =& 1.6 kQ
YR
A RO A 23.5 30
[ \ Ve = (V+) - 1.5V A
a ik om= (V+) Tp=-40°C % +125°C() s

(1)

MR 2 AL AR L2 AR & RGNS @S R
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5.9 fikriE
TA= 25°C , VS =50V, VCM = Vs/z , RLOAD =10k Q ﬁ%ﬁ Vs/2 , H C|_ = 100pF ( Fﬁjl;%ﬁﬁ% )
40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 20
35 18
16
30 T ]
14
e 25 g 12
o [
2 20 2 10
= =
E 15 £ 8
6
10
4
5 N 2 In
0 L e L L L L O
50 -40 -30 -20 -10 0 10 20 30 40 50 4 3 2 0 ] 5 3 4
Input Offset Voltage (uV) Offset Voltage Drift (uV/°C)
45 NHG , Ta= - 40°C & +125°C
& 5-1. RIS B 5-2. K s HER A
300 100
75
200
— . 50
S S
= 100 = o5
[} ()
g &
3 0 g °
> >
3 g 25
5 -100 5
-50
-200
-75
-300 -100
-50 -25 0 25 50 75 100 125 0 1 2 3 4 5
Temperature (°C) Common-mode Voltage (V)
5 A ETT 5 AN EIE
K 5-3. KB ESEBRKRR & 5-4. Kif R SRR IR R
1500 200
150
1000
. _ 100
S S
= 500 =
Y P
£ o — ﬁ&‘ s 0
> . >
5 } A B 5
£ 500 J £
] v O
-100
-1000
-150
-1500 -200
0O 05 1 15 2 25 3 385 4 45 5 55 6 1 15 2 25 3 35 4 45 5 55 6
Common-mode Voltage (V) Supply Voltage (V)
30 MG, Vg =5.5V 5 MG, Vg =5.5V
& 5-5. KA ESIERERBIRA & 5-6. RiA B E S HIFERERBIRA
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5.9 JAIRHE (5%)

Tao=25°C,Vs=5.0V,Vem=Vs/2, Rioap = 10kQ #J#ZE Vg /2, H C_=100pF ( BAEBA W )

140 180 30
— Gain —_—G=-1
120 —— Phase | 150 — G=+1
20 — G=+10
100 120
80 90
o~ = 10
I 60 0 3| B
£ 3 £
8 40 30 = S 0
20 0
0 -30 -10
-20 -60
-40 -90 -20
10m 100m 1 10 100 1k 10k 100k 1M 10M 100 1k 10k 100k ™ 10M
Frequency (Hz) Frequency (Hz)
RL = é?}k
B 5-7. P AARAL SR IR R &l 5-8. FIFFI 2R F0AE AL S [ KR R
50 100
— IB— — |B—
40| — |B+ 75— |B+
30| los — los
£ 2 g ”
5 10 § 25
5 5
o 0 &] 0 ,
2 2
m -10 o .25
2 -20 2
g £ 50
-30
40 -75
50 -100
-1 -08 -06 -04 -02 0 02 04 06 08 1 - -1.5 -1 -0.5 0 0.5 1 1.5 2
Common-mode Voltage (V) Common-mode Voltage (V)
Vs = 1.7V, A Vg/2 it i L A5 B Vs =3.3V, LA Vg/2 Syt i LA By
& 5-9. #i \ (i B ER SR B AR R & 5-10. I fmE IR S B AR R
100 2500
— Ig.
7 — g,
° 2000 [ — 1%
g g
TE’ o5 LC’ 1500
g e
5 5
O 0 O 1000
(2] (2]
g @
o -25 o
‘g_ ‘g_ 500
£ 50 £
0
-75
-100 -500
-3 -2 -1 0 1 2 3 - -2 -1 0 1 2 3
Common-mode Voltage (V) Common-mode Voltage (V)
Vs =5.5V, A Vg/2 kit LA da Vs =5.5V, L Vg/2 Rk LA B
& 5-11. SR E R SR B KRR R 5-12. R E R S E ERRR R
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5.9 JAIRHE (5%)

Tao=25°C,Vs=5.0V,Vem=Vs/2, Rioap = 10kQ #J#ZE Vg /2, H C_=100pF ( BAEBA W )

36 60 —
32 54
o8 48
— 24 M —_ 42
£ & 36 ]
o 20 <
8 g 30
£ {5 =
12 18
8 12
4 |- 6
0 0 [
-100 -75 -50 -25 0 25 50 75 100 -i00 -75 50 -25 0 25 50 75 100
Negative Input Bias Current (fA) Positive Input Bias Current (fA)
& 5-13. AR E R 5-14. IEI N E U1
| 6
10— e — -40°C
— g 5.4 — 25°C
— |os — 85°C
4.8
z — 125°C
2 1 < 42
] g 36
5 £
o S 3
>
(2]
i% 0.1 2 24
3 S 18
£
0.01 1.2
0.6
0
-50 -25 0 25 50 75 100 125 0O 10 20 30 40 50 60 70 80 90 100
Temperature (°C) Output Current (mA)
& 5-15. SIARE B SRER KRR 5-16. fiy B FUEIZIE S8t A R R
( BKAIERE )
3 120
— —40°C — PSRR-
27— 25°c @ — PSRR+
24| — 85°C T 100
| — 125°C o
— ©
s 21 T g
=
o 1.8 S
g g
S 15 @ 60
E_ 1.2 _E
S 09 g "
0.6 g
g 20
0.3 o
0 0
0O 10 20 30 40 50 60 70 80 90 100 1 10 100 1k 10k 100k M
Output Current (mA) Frequency (Hz)
& 5-17. Hrd B R BIE S M IR SR & 5-18. PSRR S5 MIKIK &
( BRHEERE )
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5.9 HAVRE (42)
Tpo=25°C,Vg=5.0V, Veu=Vs/2, Rioap =10k Q iE#ZE Vg /2, H C_=100pF ( BRIER AU )

20 40
= 175 —
< 15 )
= >
2 125 c
% 10 o 20
o 7.5 T
s 5 < 10
= o
5 25 =
S 0 3 0
()
fi 25 '
5 5 = -10
§. -7.5 %
s -10 @ -20
£ -125 g
E 15 5 -3
O 175
-20 -40
-50 -25 0 25 50 75 100 125 -50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
5t 5 /NG
& 5-19. CMRR S5 H[¥13< 5 A 5-20. PSRR 5% H¥< 5
10000
| — Vour
¥
2 Z 1000
E z
- =
= 2
S 2
£ ®
S g 100
s
10
Time (1 s/div) 100m 1 10 100 1k 10k 100k
Frequency (Hz)
& 5-21. 0.1Hz & 10Hz 55 Bl 5-22. %y \ B PR I P AT o 1 b5 R (R DG 2R
5 1 -40
— — - G =-1,10-kQ Load o —~ =
S — - G=-1,100-kQ Load - c g S g
g 1| — G =+1,10kQ Load 40 3 3 . 2
S —— G = +1, 100-kQ Load S ] S G T 1 N B e R WA 5
p=4 + zZ NN =TT, b4
+ s ; +
5 § § 0.1 -60 5
S o1 60 9 ° 5
[a) a o o
g g | £ 2
o
é 0.01 -80 % é 0.01 -80 g
s ° 8 s 00 _—.g=-1,R =10k 8
T 3 b —-G=-1,R =100 kQ T
2 3 5 — G=+1,R_=10kQ £
= = = — G=+1,R_ =100 kQ =
0.001 -100 0.002
200 2k 10m 100m 1
Frequency (Hz) Output Amplitude (Vrms)
Vout = 1Vaus f=1kHz , JE % BW = 80kHz
& 5-23. THD+N LL53RFE RIFIKR K&l 5-24. THD+N S5 HliBE AR R
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5.9 JAIRHE (5%)

Tao=25°C,Vs=5.0V,Vem=Vs/2, Rioap = 10kQ #J#ZE Vg /2, H C_=100pF ( BAEBA W )

30 34
32
24 g
< <
c €
o 18 2 o8
> >
(@] [&]
g 12 g 26
3 3
5] 3
6
22
0 20
0 1 2 3 4 5 6 -50 -25 0 25 50 75 100 125 150
Supply Voltage (V) Temperature (°C)
5 ANt 5t
 5-25. B HI S IR R IR & Kl 5-26. BAHASRERNXR
10 1000
7.5
S 5 o 100
= <
2 25 8
j= c
3 3
PV — ug)_ 10
] £
- 25 =]
s i
OQ' -5 8 1
-7.5
10 0.1
-50 25 0 25 50 75 100 125 1 10 100 1k 10k 100k iM 10M
Temperature (°C) Frequency (Hz)
5 /MR
& 5-27. FFERM2S SEEFRRER E 5-28. FF¥h% H BB SHRER H IR R
60 80
— Riso=00Q — Riso=0Q
55| — Riso=25Q — Riso=25Q
— Riso=50Q — Riso=50Q
IS] S}
2 2
[4 [4
[ [
> >
(@] o
20 0
10 100 1000 10 100 1000
Output Capacitance (pF) Output Capacitance (pF)
G=+1 G=-1
K 5-29. ME S EFEFARAINRER & 5-30. M SEHERERBAINIRER
(10mV BHEK ) (10mV iR )
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5.9 JAIRHE (5%)

Tao=25°C,Vs=5.0V,Vem=Vs/2, Rioap = 10kQ #J#ZE Vg /2, H C_=100pF ( BAEBA W )

— Vin
— Vour
=
2z 5
S >
S [S
= 8
[ o
g )
S £
= S
>
— Vn
— Vour _I
Time (100 ps/div) Time (5 ps/div)
B 5-31. LA R E 5-32. IEERIKK
— VN — Vi
— Vourt — Vour
— I
5
> °
[ >
g 6
B ©
@ S
g g
5 2 .V._.__.
Time (5 ps/div) Time (10 ps/div)
G=+1
& 5-33. g BIKE &l 5-34. /MESHERWRL ( 10mV BHX )
— VN { \ — VN
— Vour * — Vour
= >
=2 Z
5 2
= >
€ 3
3 o
P ©
(o) ()
8 [S)
< :
|t s >
Time (10 ps/div) Time (10 ps/div)
G=-1 G=+1
Bl 5-35. MSSHIERMIS (10mV BrER ) Bl 5-36. Kf5SHIERMISE ( 4V Bk )
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5.9 JAIRHE (5%)

Tao=25°C,Vs=5.0V,Vem=Vs/2, Rioap = 10kQ #J#ZE Vg /2, H C_=100pF ( BAEBA W )

& 5-41. EMIRR 53| f)5< &

— Vi — Falling
— Vour e Rising
= —
kel >
2 ©
T S A
= E \
S —
< <
S a
8 =
S o H \/
>
Time (5 ps/div) Time (2 ps/div)
G=-
B 5-37. XIS SHERmE L ( 4V BYER ) & 5-38. BLETE] ( 1V IEMEK )
90
—— Sourcing — Vg =+275V
85 — Sinking — Vg =10.85V
_. 80 —
< &
E <
c
[ (=]
5 70 £
o =
E 3
2 =]
o 60 o
> \
50
-40  -20 0 20 40 60 80 100 120 140 10 100 1k 10k 100k 1M
Temperature (°C) Frequency (Hz)
E 5-39. SE B SRE KRR & 5-40. HKHH B SR AR R
140
120
100
o
o
+ 80
z
£ 60
=
]
40
20
0
10M 100M
Frequency (Hz)
PRF = -10dBm
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6 E4NUt e

6.1 MR

OPAX391 f&R & A KM L IS B BER IR S . (RIIAE e-trim BHRTSONAS . X Eia FBOE TR At ik
NSRRI AR R (i B AL, (R AT SR R v S A R EL . OPAX391 M TAEHIE N 1.7V &
5.5V, BRI AR , B TS ME AR N .

whth B et it %, PR S AR, AT SEIUARE TR PERE . OPAX391 HIR 3 il iX L8 85 1R BN idE
TR RS OO | BONERBEPUE AT A RE . RIS A D FE 2 G 2L

6.2 TR T HEE
QB Cument ({) (1)
e = B Nt

Veiast Class AB
Control — Vo
Circuitry

ST | [

0 9 ¢

(Ground)
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6.3 KrPE Ui EA

6.3.1 A\ E BT

OPAX391 X H CMOS #ig NSt i i L i (ESD) PR i, IR AT SEEARAR OB N\ B L - S\ f B FEL IR
(Ig) FEI T CMOS Hy NFBUR SN T %, R4 FE ESD H0 , CMOS iy A S5 F il gE & H LA
K NmE B, CHARET SRS T . OPAX391 7E 125°C R Al SEHL iR KA J9 +30pA 1 H (i A B
AEHE

6.3.2 MAEHS B

OPAX391 FEH N1 md Z A1 BCA EEARAT AT — A8, AT A LA T A A R 2 18] 18] 6-1 2o TG M. R
B XL LUK SAR AN R B R I 22 - N LU (EORVEAE KT 0.5V I FL IR N HF4EIE1T .

V+
1kQ
+IN -
1kQ °°R'>
-IN +
V=
& 6-1. RN L

6.3.3 ZXH 11 EH I3

OPAX391 Rl St (i th X zh i i, BIAEAEAPE SRk AInF 00 T R R Ae e th . il AT 0w B eyt 00
AR, V2 (KA I BOR S R R B A Ik Ot S R B A= iR 2 1 . R4 8L, OPAX391 A% th
PO IE N AR, AP EBOM R G BURR A B T A i A RO A T i DR A 1 e AR E
M SRR faE P R G e

6.3.4 EMI #li%)

OPAX391 il i 4 L L T3 (EMI) U SR PRAR TC £S5 1 &« TR &8 FALIE S B AN K0 7 7o 4 1) i 25 5 W R 5
TP~ A1 EMI T-HEm . @it i B i B R T et EMI Ui E ; OPAX391 3225 T X e it ebidh i it . 7)1
XEE (TI) C&IF R IHTE 10MHz % 6GHz & B2 ik i il P e af U & A AL s SRR 2R b M Thie . & 6-2 |2
7~ T AP OPAX391 AT IR 45 5. % 6-1 %1 T OPAx391 78 S2br v FH b i DL 2 42 T () EMIRR IN+ {8 .
% 6-1 F N ATTE T B2 4R AR sl T AU 847 . A R VEANE B AT S W & L7547 EMI 7]
[ R AT www.ti.com R .

HLEZ TR (EMI) #01 EE (EMIRR) A Skt IR 2 SEECR A1) EMI i XVF 2 I8 HBORE R | USSR L
SR AL AR 1R — NS SFROR S BE S A ROt d1 EMI SR 2R s R AR b, 5 2
BOR A = BA B EMIRR ( HOR/hEd 7 DUESREAL ) o« E EMIRR U7 AIRZ M, (HAFTIR AL 2
EMIRR +IN , ‘B [ TR 1 2405 5 ithn 2118 FOBOR S I R A S 5NN 39 EMIRR PERE . — okt , Lk
TEAERE SO RS T EMIRR JIK
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1. AFTHA, BEBOREMA G EMI SOy RUs , G0 TE AL S| I mich 5] A RE T 4 R I S L 5

2. [FAMRAEEBOCSEMA R SR OEA R |, IR T ILACHK EMIRR TERE

3. FE[FFHS EE EMIRR LeAE HAb SR EINE &, KIOY/E PCB L n] ARG B RARSA 51 0. TR e 1
PRI P 5 T CLEE RO 2 AR A A SR L, T & 5 At o SO Rk PCB A2k 2 18] 4 4 R 2% A ELAE:
e

1 5 B S 238 SR BOR SR 5| B S S 5 AT Re & SECRFIRZ I | UONTBOR 835 2 0% 130 I 1 26 R AR IE B
T AMIE N R HIE S . TR NG . FE R H i bR SRR EMI TTRES SR EAEA BN ERIME . BESHE
JE B A AR R IAT N o R R X REUBARFUL T A S M 2k R e 2k LA 5 DA R R I A R 2 1 2 [R) S it 3 éuﬂﬁ e 1 B
B,

OPAx391 ] EMIRR +IN 5K [a]f)= KA 6-2 fiam. OPAx391 ALY 2547 T8 IMHz. KT iZME K
EMIRR MEGERRNAFAENL T8 UK 84 56 W TS 5

140

120

100

80

60

EMIRR IN+ (dB)

40

20

0
10M 100M 1000M
Frequency (Hz)

& 6-2. EMIRR JU3&

% 6-1. OPAX391 ZEA A= T Y EMIRR IN+

L ES LA F143-HE EMIRR IN+
400MHz BEh L) 4%, Beh DA, KaEE. S8, HiE. EE (UHF) S 39.1dB
900MHz é;ﬂ%ﬂi%ﬁ%éﬁ (GSM) RifHl. ELkmiifs. SHi. GPS ( & miE 1.6GHz ) . GSM. fii = #3hiE 46,508

1% K UHF i
1.8GHz GSM B MABshilfE. fEii. TEM L BB (1GHz & 2GHz ) 61.3dB

802.11b. 802.11g. 802.11n. WiA®. MABINEE. Tk, Fl2AFIEST (ISM) LESEL. R TCLH

24GHz g ki | S W (2GHZ % 4GHz ) 69.8d8

36GHz | Kk, MaBEM S, LR, BaEf. S Wi 82.5dB

5GHz 802.11a. 802.11n. WiZSEEAGAL. HENEE. AR LESIE. C¥E (4GHz % 8GHz ) 83.6dB
6.4 BRAFEDIRRAE

OPAx391 HA L —Ihiekis |, AIE B E L KT 1.7V (20.85V) I IEH T/E. OPAx391 [ # K4 FLIk fiL s A
5.5V (+2.75V).
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7 BLFAISEEL

&

PAR SRR 2 R M5 BB T T1 3RS Ya R, T AR ER AR R e B . TI & A 5T e
s R TSR TR . P RIS F IR B, AR R G T RE

71 MNAER

OPAX391 & B 1 35 2 58 IS s S UK RS |, A2 UL A6 S FTAR A e 55 . OPAX391 &5 S8 # I ML B A\
HEAT T AL, SOV R R A B R R R AL . XSRS R . (MR A A O RS TR AL S B A O (RS
FEI LU R R R R /5 100m Y, B A\ it Al AR S HEAN R R YE ) » OPAX391 55 %6 UK 2% 15 11 FH T 1 2 Bl v 18
AL RS TR . AR RS S 85 S LL R AR IIFE 2> 3238 MOSFET BUM AR UK 2% .

7.2 LRI A

7.2.1 =% CO “THEfE /A%

7-1 Bn T — N5 =umdEmE CO A& e & 14 0 87 B i Sh B 48 A2 A FL I o 128 vt [ RRSE T 22 HAth 2k
R = S AR AL RS Bl AL S D . FEAAE RS B =N - RN B TR AR (WE). 158 ) (CE) fis%
M (RE). HEIRTE CE f1 WE Z sl , HAK/NSRMBI M ERIEL. RE MMANEHSE SREA. ST HEm
BAEKES , WAUE AT CE LM E R WE 1 RE fRFEFEM R RS . Bt i U1 B E B AL | &R
JEAEVES Y RE 5| IR H Veegr WE MM P . HTEERBH KRS , R1T i {RFfEeEt. C1 Al R2 FEER
PEACAR 7 28 5 B Ui (A £ . U2 RS RELBORES (TIA) , LB P22 B4R R8s IR i 4o 5 2 i E LU B AL S &
JiREs A R RE i s s m R s

Vria = (=1 X Rg) + VRgr (1)

Rioad /& MBS AL RS HIE R R E (EH N 10Q ) KA. WE BRI HEINE Vrgr 247X E .

R4

_E_} T Rs
Veer ——12 " opaxaon

al

RLOAD

AN -
Vrer +
OPAXx391

B 7-1. =¥ CO SiffL/Ras

Vour

Copyright © 2024 Texas Instruments Incorporated TR 15 21

Product Folder Links: OPA391 OPA2391 OPA4391
English Data Sheet: SBOS925


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/opa391?qgpn=opa391
https://www.ti.com.cn/product/cn/opa2391?qgpn=opa2391
https://www.ti.com.cn/product/cn/opa4391?qgpn=opa4391
https://www.ti.com.cn/cn/lit/pdf/ZHCSMM3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSMM3E&partnum=OPA391
https://www.ti.com.cn/product/cn/opa391?qgpn=opa391
https://www.ti.com.cn/product/cn/opa2391?qgpn=opa2391
https://www.ti.com.cn/product/cn/opa4391?qgpn=opa4391
https://www.ti.com/lit/pdf/SBOS925

OPA391, OPA2391, OPA4391
ZHCSMMS3E - DECEMBER 2020 - REVISED OCTOBER 2024

13 TEXAS
INSTRUMENTS

www.ti.com.cn

7.2.1.1 #HER

FESREI, B 7-2 BoR T —A> CO MR RER IR AR | 28R ] T FAR AR R RE o 120 BB AEXT REUE
69nA/ppm (1] CO R/ 5. RS it IS AT EUH s (ADC) s R LN 2.5V, f KIKE Y 300ppm.

l CO Sensor I
| Model |
Vce
| cel | 10 kQ
* AV
| |
: 260 mF —— 300 Q :
| | 10 yF
I ||
| : ;
20 10kQ 25V
I REL
|
| 20 : Veer — |+~ OPAX391
| |
| 130mF 3000 |
| |
| |
| | 110 kQ v
Isens 0-20pA -
| | g
25V
| .
| | '
L - - J Veer 12T OPAX391

K 7-2. CO t& 33 B R HE K

7.2.1.2 IR

B, W€ Veer k. AR RK ERES PR Z BT ITRNER |, t2 CE i1 L/ MEIEIRE
BRI ) $60 , CE i 1@ W A% RE BB ARNFE . X TR E R s | JRdEI & 3
K JE 7y 300ppm i CE 1 RE Z[8] (221679 180mV. 1 fuvrfE 10k Q FIFHE: LB CE #ilE T R EMKE

ﬁdl]?ﬂ VREF 1@3‘%? 300mV.
VZERO = VREF =300 mV

/\l:':‘

* Vger &ZEAEH £ (300mV).
* Vzero ZWEZHE (300mV).

Rk, FRATT S A TR BT TR i A% B A
ISENSMAX = IPERPPM X ppmMAX = 69 nA x 300 ppm = 20.7 },lA

Hep
* Isensmax 7 R T A& Eeds FLI o

()

@)

° |pERPp|\/| G R e R ppm A& AR HL ( S-S WS ) ) o

* ppmMAX =2 T &k ppm 4.
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BRIE SR H ORI A 3 v v R ] i HE R TR Y e
VswinG = VoutMax — VZgro =25V —-03V =22V (4)

He

* Vswing &I i AR 1.
* Voutmax 7&K # i K g H R -

e, AR RO PR A R K A s B SRS P FEBH 2% (Re) BHAH

_ _VSwING _ 22V _
F = Tensmax — 207 WA = 106.28 kQ (use 110 kQ for a common value) (5)
7.2.1.3 BA 4%
— VA
— Vece
25V — lsens
=
°
>
F s
s 0.3V z
e
5
I 20 uA R 3

Time (10 ms/div)

B 7-3. RS 300ppm —EALER R BR B A T B
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7.2.2 4-20mA > %t

T AL RGE T 4-20mA S5 P UICRSCI AR Atk R 2 i) 4-20mA SRBERIHT T, Sm gk ik &
HS AR H1 9 4mA BLR o I TAEAEDh R RG], (RDIFE R R EE . OPAX391 fiff ik 1 4-20mA A B H b (K17 2

BEHPbR , TN EORARTIRE A BEAT i 9 o

4.096 V

11.3kQ 14.3 kQ

OPA391

O louts

60.4 Q

200

& 7-4. 4-20mA IR O FHE

7.2.2.1 R hsk
8
7 _IVDAC
= lout
6
5
> 4
S
S 3
Z 2
(0]
g
20
-1
2
-3
-4

Time (1 ms/div)

& 7-5. 4-20mA B B

48
44
40
36
32
28
24
20
16
12

Current ( 1 mA/div)

0 lour-
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7.3 ERYRAH SRR
OPAx391 Z&F % e TAE R VERE 1.7V 2 5.5V ( £0.85V £ +2.75V ) .

7.4 17
7.4.1 HR7EH

R 2 R VO R E T R A0 R SR B

© RESRAL.
o WERWTLL, FEAE BN ER AR (PCB) HZ3t T i, T K 2 Ut 25 QAL AR T AR R AT e S il s 51 I AL
© K01 uF A SRBCEARR AT RESEIL IR G AL E

EREAN AL FL e T BT P e U ] 5 v P BE T SEEL A RIS, W BRAR ARl T4 (EMI) By Jdk
7.4.2 iR Hl

Rin
Vi VN +
Rs —— Vour
aVAAY, -
J7 GND Re
NV
& 7-6. REERR
Keep high impedance Minimize parasitic inductance
input signal away from Vs by placing bypass capacitor
noisy traces. close to V+.
Vin Caypass
Rin
fN v+ g7 GND
V_
GND T
-n P Vour

Route trace under package for output
GND Rg Re to feedback resistor connection.

& 7-7. fi @Bl
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8 AT HE

8.1 B

8.1.1 IR F

8.1.1.1 PSpice® for Tl

PSpice® for TI & R #§ W vF A Aol f s 4k B i e TH AN OB . AEREAT A7 ] A 3G 2 AT 632 1 AR G e v A i B e ok
Jige AT BEARIT A A I 4 R T I ]

8.1.1.2 TINA-TI™ (i E &M (H#FTH)

TINA-TI™ (fE AR — R F A 5 . Thigsmok HIE T SPICE 54 (f g AR T . TINA-TI 45 B #A 2 TINA™
WA — AR R ThRE A | T — RV LM PR | R IE TSN 7 — DA . TINA-TI 45
BHIAE R LT A AL 451 SPICE Bt WS A 4 | DA HAth 33 T Rg .

TINA-TI 7 AR 2 i Ja A EERE ), TR P L2 Moy SRR, AT BRI 2 T EM %2 T
o BRSSO B N BRI B B 05 . R AR S, N — AN sh AR PaE JE 3 T A

#1

DA EE%E TINA 3R EE TINA-TI 805 A4 GE Al I 2L S0 . 15 A TINA-TI™ #pE S0 pE e dr R 3k e 2 1
TINA-TI 5 5 A

8.2 UM FF
8.2.1 RIS

THZ I LN ARIESON

TEINCES (V) , 2KRA HART (#1119 i e EH 4 17 7C 4-20mA Bl g 3% % 22 6Lt
TS (TN) , BIIFE AL TR i K a% 225t

TEINACES (T1) , B 20 2P B K s SRR

TBMALES (TI) , /] pH BHH#TT i N R

8.3 FWOCR EHTIB A

SO SERE R |, 75 AU ti.com ERIEE SO mith @Ay BEATIEN , RIVRTRE ARG B
2o AREBNEMEL  WER M OB RS BT il .

8.4 LFEIE

TIE2E™ HaCscfFivla e TR EESE TR, T EENE ZAETARE ., LI @ s Mt #. @R
DA AR B T E R R, SRAS T R B DR BT B

HERRAN R BB DTS IR fefit. XS EIF AR TI BRI, IF BA 2 &k T LA 531
LURREEE

8.5 FtR

e-trim™, TINA-TI™, and TI E2E™ are trademarks of Texas Instruments.
TINA™ is a trademark of DesignSoft, Inc.

W 4 ® is a registered trademark of Bluetooth SIG, Inc.

PSpice® is a registered trademark of Cadence Design Systems, Inc.

BT A B bR 8 N 5% B AT & B
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8.6 BRI E S

FH LA (ESD) SR IX AR L . B (0SS (T1) B SGIIIE 24 1 TS0 H M AL FE T A S BB o SRSy T ) A 3

A RIS | TS SR L

Aral\ ESD (BRI G SEMUNO MRS | K E R B PR . A% 2 TSR AR LB TT B T2 5 2 B0 | R Bl AN i 5
HOE T A 2 B FCR 5 R A HO R A

8.7 RiEX
TI RiEE AARERGIH MR TARE . B RE4ng i A .
9 BT P sEid
T DR RRCAS B DR AT BE -5 24 T RRAR 1) TR A (]
Changes from Revision D (April 2024) to Revision E (October 2024) Page
* FKH DGK ( VSSOP , 8) #%%1) OPA2391 HRAS M TR AN BE by B = 208 ( IEFEAHEER ) v 1
o AR SRR SUERAEME N 10K Q FEELUZATIR ooviieec et 7
o IRIEECHTRHE R OPA4391 7EAR FLYR L 2511 T 5/ AOL A 90dB BN 86dB.........eeevceccc 9
o R AR BRI BUIR SRR AN 10K Q FEEEAZE TR oo 9
Changes from Revision C (December 2022) to Revision D (April 2024) Page
* KEKH PW ( TSSOP , 14 ) &3¢ 1) OPA4391 PR I HUA AN BE SO & Bl ( IEFEBEDR ) oo 1
I T I B IR IMEL ettt ettt n s s e 7
o BT BT HURLE M 500 Q TEHCA 1.6k Q , PAVCECHALRFEHIZR .o 7
o MRIERCHTFEBIEE 1 M 24PA TEIUN 23.5UA ..o 7
Changes from Revision B (November 2022) to Revision C (December 2022) Page
* ¥KH YBJ (DSBGA |, 9) ##£/1) OPA2391 PR AT B R ( BiUkAn ) SO &E 8 ( IEEMETE ) JFR
£ S 2 TSRS 1
Changes from Revision A (January 2021) to Revision B (November 2022) Page
© WNINT OPA2391 THTEE R ( TR ) B I IE I 2R oottt 1
o TAVZEXS R ABTAE T F I T G5ttt 5
* ¥4 JEDEC #yu M\ JESD22-C101 FE >y ANSI/ESDA/JEDEC JS-002.......ccuiciiiieieiieeiecieecie e 5
o T ATHFE RN B R R RN I LR SR 7
o NTEMIERN , BT Bl 6-7 JFHE a I GAFE I RER Y IR TEEAE S 11
o HNTHE 87 At , SR IERII G IECE AT B FR oo 25

10 YL EHEMEITEE R

PUR U A S AU B AT IS 2. X5 B 4 aAF T sl B . Bl 22 s, A S ATE R,
HAZX WS BHATIEIT . A7 RBLER R P ST A RCA 15 20 el A 0 B S A
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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 ©)
@ )
OPA2391DGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 3BKS
OPA2391DGKR.A Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 3BKS
OPA2391YBJR Active Production DSBGA (YBJ) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 091
OPA2391YBJR.A Active Production DSBGA (YBJ) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 091
OPA2391YBJT Active Production DSBGA (YBJ) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 091
OPA2391YBJT.A Active Production DSBGA (YBJ) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 091
OPA391DCKR Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1EJ
OPA391DCKR.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1EJ
OPA391DCKT Active Production SC70 (DCK) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1EJ
OPA391DCKT.A Active Production SC70 (DCK) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1EJ
OPA4391PWR Active Production TSSOP (PW) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4391
OPA4391PWR.A Active Production TSSOP (PW) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4391

@ 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.
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https://www.ti.com/product/OPA2391/part-details/OPA2391DGKR
https://www.ti.com/product/OPA2391/part-details/OPA2391YBJR
https://www.ti.com/product/OPA2391/part-details/OPA2391YBJT
https://www.ti.com/product/OPA391/part-details/OPA391DCKR
https://www.ti.com/product/OPA391/part-details/OPA391DCKT
https://www.ti.com/product/OPA4391/part-details/OPA4391PWR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
LR ey R g T
o| |e e 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 0O Sprocket Holes
| |
T T
St N Il )
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)
OPA2391DGKR VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
OPA2391YBJR DSBGA YBJ 9 3000 180.0 8.4 126 | 1.26 | 043 | 4.0 8.0 Q1
OPA2391YBJT DSBGA YBJ 9 250 180.0 8.4 126 | 1.26 | 043 | 4.0 8.0 Q1
OPA391DCKR SC70 DCK 5 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
OPA391DCKT SC70 DCK 5 250 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
OPA4391PWR TSSOP PW 14 3000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

OPA2391DGKR VSSOP DGK 8 2500 353.0 353.0 32.0
OPA2391YBJR DSBGA YBJ 9 3000 182.0 182.0 20.0
OPA2391YBJT DSBGA YBJ 9 250 182.0 182.0 20.0
OPA391DCKR SC70 DCK 5 3000 190.0 190.0 30.0
OPA391DCKT SC70 DCK 5 250 190.0 190.0 30.0
OPA4391PWR TSSOP PW 14 3000 353.0 353.0 32.0
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PACKAGE OUTLINE
YBJOO009 DSBGA - 0.35 mm max height

DIE SIZE BALL GRID ARRAY

BALL A1—T’
CORNER

!

0.35 MAX |
jji\qzlxx\,¥K\,¥ SEATING PLANE
0.135 BALL TYP
0135 (> oosc]

®
©
O

SYMM
0.8 A%4EE}AV - +—
% B @ ¢ D: Max = 1.19 mm, Min = 1.13 mm

TYP ‘ E: Max = 1.19 mm, Min = 1.13 mm

1
1 2 3
X P06
[ [0.0150) [c[A]B]

TYP

4225688/A 02/2020

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.
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www.ti.com




EXAMPLE BOARD LAYOUT

YBJOO009 DSBGA - 0.35 mm max height
DIE SIZE BALL GRID ARRAY
(0.4) TYP ~
9X (©0.2)
1 2 3
o © O
(0.4) TYP
/\ f SYMM
NN A/
SYMM
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 50X
0.05 MAX 0.05 MIN METAL UNDER
(©0.2) SOLDER MASK
METAL
- EXPOSED / X ©0.2)
SOLDER MASK: EXPOSED
METAL SOLDER MASK
OPENING METAL OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4225688/A 02/2020

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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YBJO0009

EXAMPLE STENCIL DESIGN
DSBGA - 0.35 mm max height

DIE SIZE BALL GRID ARRAY

9X (J0.21) —=

(0.4) TYP

(0.4) TYP
(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 50X

4225688/A 02/2020

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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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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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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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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