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O L j — L | | | 0
50 40 -30 20 -10 O 10 20 30 40 50 4 3 2 1 0 1 P 3 4
Input Offset Voltage (uV) Offset Voltage Drift (uV/°C)
6-1. X 7ty FEREDST 45 i, Tp =-40°C~+125°C
6-2. 7y NEERY T OB
300 100
75
200
_ N 50
> >
100
2 = o5
(0] (0]
j=2] (=2}
S 8
5 0 5 0
> >
3 3 2
5 -100 5
-50
-200
-75
-300 -100
-50 -25 0 25 50 75 100 125 1 2 3 4 5
Temperature (°C) Common-mode Voltage (V)
5 il 5 f
6-3. A7ty MERELRE L DR 6-4. 77ty MEEELREBE L DB
1500 200
1
1000 50
_ 100
Z 500 s
e = 50
4 )
g > N
8 IS Ny
= 0 s 0
2 TN z
2 ! N g 50
5 -500 v ;C_)—
-100
-1000
-150
0 05 1 15 2 25 3 35 4 45 5 55 6

15 2 25 3 35 4 45 5 55 6
Supply Voltage (V)

5 f#. Vg = 5.5V
6-6. 77ty FNEELEBREEL DR
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6.7 KRV (continued)
Ta=25°C, Vg = 5.0V, Vom = Vs/2, R poap = 10kQ % Vg/2 (Z#5Eft. CL = 100pF DA (FRZFLIR DR RD)
140 180 30
— Gain — G=-1
120 —— Phase | 150 — G=+1
100 120 20 —_G-0
80 20
g 0 60 3 g "
g 40 30 E ;N
20 0
0 -30 -10
20 -60
-40 -90 -20
10m 100m 1 10 100 1k 10k 100k 1M 10M 100 Tk 10k 100k ™ 10M
Frequency (Hz) Frequency (Hz)
Ry = M7
6-7. BIL—7 » 4 v B L U & Eilsk & OBEE 6-8. I —F D5 1 B L UMIE & AikEk & DR
50 100
— —
400 — |B+ 75— |B+
30— los — los
g 20 g 50
5 10 5 25
3 o 3 o - ,
(%] [%]
& -10 B s
3 20 3
< £ 50
-30
40 -75
50 -100
-1 -08 -06 -04 -02 O 02 04 06 08 1 -2 -1.5 -1 -0.5 0 0.5 1 15 2
Common-mode Voltage (V) Common-mode Voltage (V)
Vs = 1.7V, Vg/2 Z K HEL T RIFAEE Vg = 3.3V, Vg/2 Z R HEL T D REIMEE
6-9. AhNA 7 RAEREFAHEEE L DR 6-10. A/A 7 RAEFR & FHEEE L DR
2500
— Ig.
— Ig,s
2000 | — o8
g z
= — 1500
3 3
3 3 1000
3 8
(a0} o
= S 500
g g
0
-100 -500
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Common-mode Voltage (V) Common-mode Voltage (V)
Vs = 5.5V, Vg/2 & HELT BRI BIE Vs = 5.5V, Vg/2 Z2LHEL T B RIMEE
6-11. AINA 7 RAER L AHEEE & ORER 6-12. AZ1/SA 7 AE T & FHEBE & DR
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6.7 X =RHIFE (continued)
Ta =25°C, Vg = 5.0V, Vem = Vs/2, R oap = 10kQ % Vg/2 (283t CL = 100pF D354 (RrIZFLak D72y RD)
36 60 —
32 54
28 48
24 = _®
2 £ 36 T
o 20 &
2 2 30
ERN =
12 18
8 12
4 |- 6
0 0 [
100 75 50 -25 0 25 50 75 100 100 -75 50 -25 0 25 50 75 100
Negative Input Bias Current (fA) Positive Input Bias Current (fA)
6-13. EDAN/NRA 7 ABROAT 6-14. EDAH/XM 7 ABHRO ST
6
10— s — —40°C
—_— :B+ 54 — 25°C
— los 48 — 85°C
z — 125°C
K < 42
5 g 36
5 st
o 3 3
8 0.1 2
o E_ 2.4
2 3 18
0.01 1.2
0.6
0
-50 -25 0 25 50 75 100 125 0 10 20 30 40 50 60 70 80 90 100
Temperature (°C) Output Current (mA)
6-15. AWNA 7 ARRLRE L DB 6-16. HWHBER A > & BH B & DBIR
(BABIGREN)
3 120
— -40°C — PSRR-
27— 25 @ — PSRR+
04| — 85°C T 100
7l — 125°C o
g 21 ,5:“ 80
8 18 S
£ 8
S 15 o 60
E 1.2 2z
3 os g
0.6 g
g 20
0.3 o
0 0
0 10 20 30 40 50 60 70 80 90 100 1 10 100 1k 10k 100k 1M
Output Current (mA) Frequency (Hz)
6-17. HABERA /L hBHREDBR 6-18. PSRR L iR E DR
(RALHGHEN)
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6.7 X =RHIFE (continued)

Ta=25°C. Vg = 5.0V Vou = Vs/2. Rioap = 10kQ % Vg/2 (2826, C = 100pF D34 (FFICFRik D70 BRY)

Frequency (Hz)
Vout = 1VRus

6-23. THD+N Lt & Aik# & DBk

20 40
= 175
< 15 S 30
>
2 125 2
2 10 o 20
£ 75 8
5§ 5 = 10
< 0 2 0
- 2.2 i
3 - > -10
= 7.5 =3
£ 10 o -20
E 125 5
-15 =
o o -
O 175 e %0
-20 -40
%0 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
5 & 5 @&
10000
| — Vour
- F
3 < 1000
= >
> S
> =
= 8
[0} (<}
<) =z
3 )
= g 100
2
Time (1 s/div) 100m 1 10 100 1k 10k 100k
Frequency (Hz)
6-21. 0.1Hz~10Hz D/ 4 X 6-22. ANBE/ A X - ANRY MIVEE & RiEBE DR
5 1 -40
—~ — - G =-1,10-kQ Load o - =
8 — - G=-1,100-kQ Load - 2 S) S )
2 1| — G=+1,10-kQ Load 40 8 2 N - Py
K] 2] . 3
S — G =+1, 100-kQ Load S e LS. e S
+ + YNNG im0 %
5 '5 _5 0.1 -60 5
g o4 60 S 5 |5
® 2 k7 17,
2 a [a) a
o 2 o )
5 5 | s §
E oo 80 & § 001 __G-_1.Rr -10k 80 £
T = z —-G=-1,R =100kQ T
£ 5 3 —G=+1,R_=10kQ 2
= = = — G =+1,R_=100kQ =
0.001 -100 0.002
200 2k 10m 100m 1

Output Amplitude (Vrus)
f=1kHz, 7 1/v% BW = 80kHz

6-24. THD+N & HAiRIE & DEIR
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6.7 X =RHIFE (continued)
Ta =25°C, Vg = 5.0V, Vem = Vs/2, R oap = 10kQ % Vg/2 (283t CL = 100pF D354 (RrIZFLak D72y RD)
30 34
32
24
< < 30
€ €
g 18 g 28
> >
(&) o
§ 12 § 26
2 2
& 5
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 5 i
6-25. F#IE B & WIRERE & DR 6-26. BRI B CIREE & DBIR
10 1000
7.5
s 5 & 100
S 4
2 25 8
c =
3 3
N uga_ 10
S £
- 25 =]
s g
& 5 3
-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 {#
% 6-27. B — « 54 > ERE & DBIE 6-28. FL—THNA Y E—4 Y XL BRBE DB
60 80
— Riso=0Q — Riso=0Q
55| — Riso=25Q — Riso=25Q
— Riso=50Q — Riso=50Q
50
g g
k<) kS)
2 40 2
[4 4
@] o
30
25
20 0
10 100 1000 10 100 1000
Output Capacitance (pF) Output Capacitance (pF)
G=+1 G=-1
6-29. IMEBA—N—2a— M LBEREBFREOMR 6-30. IMERF —N—2a— M EBREAT EOBF
(10mV 25w ) (10mV 257 v )
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6.7 X =RHIFE (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
: 3
© >
> €
- o
% 8
g g
&) i)
g S
— Vn
— Vour _I
Time (100 ps/div) Time (5 ps/div)
6-31. (IEREIZ L 6-32. IEDBAF N 5 DEE
— VN — Vi
— Vour — Vour
z -L—-——-—-
s z
E £
3 ©
© S
& £
g E
= -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 >
E 5
o g
S Y
£ &
2 5
e orp——— >
Time (10 ps/div) Time (10 ps/div)
G=-1 G=+1
6-35. IMEE X T v TIHE (10mV RFT v ) 6-36. XKIEBRAT Y 7% 4V AT v )
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6.7 X =RHIFE (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
3 5
: 2 A
S £ \
s} hat e
: : -
£ 5
G o u \/
>
Time (5 ps/div) Time (2 ps/div)
G=-1
6-37. KIEBRT v TIEE&E (4V AT v ) 6-38. €U Y - H4 L (IVIERT V)
90 7
— Sourcing — Vg =275V
85 —— Sinking 6 — Vs =10.85V
80
< =5
% 75 >
¢ S 4
5 70 s
S s
3 65 Z3
=] i<
© 60 3 2
55 1
50
-40  -20 0 20 40 60 80 100 120 140 0
Temperature (°C) 1 10 100 1k 10k 100k 1™
Frequency (Hz)
6-39. WA ER LBE L DBAR
e ) 6-40. AN NEE & i & DBIK

140

120

—
o
o

EMIRR IN+ (dB)

10M 100M 1000M
Frequency (Hz)

PRF =-10dBm
6-41. EMIRR & [&iR%k & DBAR

16 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: OPA391 OPA2391


https://www.ti.com/product/ja-jp/opa391?qgpn=opa391
https://www.ti.com/product/ja-jp/opa2391?qgpn=opa2391
https://www.tij.co.jp/jp/lit/pdf/JAJSKH3
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKH3C&partnum=OPA391
https://www.ti.com/product/ja-jp/opa391?qgpn=opa391
https://www.ti.com/product/ja-jp/opa2391?qgpn=opa2391

i3 TEXAS

INSTRUMENTS OPA391, OPA2391
www.tij.co.jp JAJSKH3C — DECEMBER 2020 — REVISED DECEMBER 2022
7 SR BH
71 HE

OPAX391 |Z, M EH OA 7y M AFERHE L KA 72y b AR EE SO e-trim 477 T3, ZhboA
Y FNE AN TR NEE, RUTZR, AT ZERDIET IR SR IE0E & 80 1L B O LR IER IR T
F3, OPAX391 X 1.7V~5.5V TEIWEL . =T 1 - A AL TCLRELTEY | SESFAR AN EEEDOT 7V r— 3
VRSN COET,

HAZIZE WA EEANICHZ SN EEREENDY ., ETLE LR L 9, OPAX391 1L, AJiIN
AT AER A7 vy NELE, HEEBEIDPEERE AL E—F AR PTR#E R T T T,

728870V 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 HRBESKEA

731 EWAANSL 7 RER

OPAX391 %, CMOS A J) & e i i KU (ESD) PR mIBIZID | FEFIMRNA T AT AE A EBLET, A
J13A4T7 ZEG (Ig) 1%, EIZ CMOS AN 7 7D A1 7 UTEAFL £9, ESD BV ZEEITHRFI L&, KR
IREHIPH 2 RIZD72> T, CMOS ANJT NRAATRER AN ANAT AETRDPFEAET HAHEENHY E 9, OPAX391
13, 125°CTHc K +30pA DENIZ AT ASAT AEREREFHLET,

7.3.2 AhZEBHER

OPAX391 TII AT/ —RBIZEAF =R DR SN TR W20 | BIREEBOEEDO A SIEIFITHISTEET,
7-1 WA OEEEZRLET, ZTNHDOT AT, BIRELE LRSIV EBEOEE A JTEIL I 5 FET 23,
0.5V #2578 A ) EE Tl ES eIz L TliEan,

1kQ
+IN -

1kQ °°R'>
N +
V-

7-1. A S BEIE&

7.3.3 REMRHEESREN

OPAx391 1L, fix K 1nF OF EMAN T L ENEZ KR35 5 728 H ) BREh A1 B 20 2 T ET, LK I E T
TR WA ANAT AEHINDERL VBBV BEMEARICER T LZEENETLET,
OPAX391 IZ. BWAEMARICHES TANNEBEZME L RSN TEBY, BIOMEERIIFRELETA, 2O
EIE. TR CORE ML BRSO TLEMEDOE T ANAAZRET DD D | BRIV AT AWERER ]
Li‘j‘o

7.3.4 EMI &%

OPAX391 I%. WO ER: T-1 (EMI) 74 2% FL T, TAVL ABER, THa B BT o—r EF D24
HE DT @EEFZIEOR =R EnBRAETH EMI T O B2 L 97, EMI i, MR E FElicdvik
FTA[HETY, OPAX391 (X, 2O DS ELIEHL COVET, TF R A LAY LAY X, 10MHz 75 6GHz
FTOMEEWEE AR M ZDTz> T, AT 7 Ot & EfEICHERB X O BT 2 FEERLELE,
OPAX391 CZOTANEAToTefERE X 7-2 ITRLET, EBEOT 7V r—a TN AT D RE DO JE I
175 OPAx391 @ EMIRR IN+ fEi% & 7-1 \IRLET, & 7-1 IR T T 7V —Taid, RIORTREED WA
HFLELT, FREFOEEEOMIT CGEASIVET, sF IO OWTUL, [ X770 EMI BRER T 7V 7r—a -
LIR—haeBRL LIS, 20T 7V —ar - LR —hE www.tij.co.jp HF T mn—RTEET,

ERLT Y (EMI) BRZELE (EMIRR) (X, A7 70 EMI TiEERLET, 204 T 7@ 35 EE 2T RF
BRI A7y MEEOENTT, EMIIZE>TRAETILIZOA 72y b B LA RETHOICIVEhR 72
A7 713 EMIRR DWNEWLDTHY  ZHUTT v~V OE TER(LENE T, EMIRR ORIEITSESER HIETHE
ITCEETH, Z0'Z72arTiX EMIRR +IN (IZOWTEBILET, 24U, F7IC, RFE 5087 7 DIEKERA T
EACHIINENTZEE D EMIRR HHEZ R THDOTT, — %I, LT D 3 SOEEIZLY, EMIRR [IZHOW T IERERA
T DI T 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. JEREEANIE % PCB L TCHfalgx C& 5720 FEKHRE Y TD EMIRR HIEIL, ot L0 T4, 2o
(&0, RF 1E 525 A T E A EAEEIINCE O E5hE O M FE A< PCB BCAR DI R AL £
A
HARMEAN D AT VR R OB F IR LT, ENEMET L7200 DT T DN—"T A DA+ 372D T, AR
T T DONT IO AN U CEJERE B M E Fiid i S &, EEENEATLRREERHVET, AT, &
TR, ETH D TRE TSI D EMI 3858, THILZ2W DC A7 v bh, @RI, TOMORMOEEIZE
ETHAREMENBVET, JARXDLNERYE B TOHN Iy A H—T A A IR T s s ) —R %)
I — LR, BT AI0ICEE L TIEENY,
OPAx391 @ EMIRR +IN O & Hcki% X 7-2 (RLET, OPAX391 D=F ¢« 7 A gL 1IMHz T4, 20
R HEARTO EMIRR PERRIZ. T 2E BN T 7 ORIENICSHHZ LR TVET,
140

120

100

80

60

EMIRR IN+ (dB)

40

20

0
10M 100M 1000M
Frequency (Hz)

7-2. EMIRR 7 X b

R 71. BERREICEFTS OPAX391 D EMIRR IN+
FRIFEE TFYr—ar BRUOENY T EMIRR IN+
400MHz ENAVIERL B SAOVETR, FHCOEM, K&, L —F — mlE (UHF) 77V r—var 39.1dB

GSM BEhE(GE AT A, HEREE, v — a3 GPS (i 1.6GHz £T), GSM, ftZe8hiE(5.
UHF 77 V/r—av

1.8GHz GSM 77U lr—iar AL s 8= FLiB(E T a—R AR 2 L SUR (1GHz~2GHz) 61.3dB
802.11b, 802.11g, 802.11n, Bluetooth®, &AL+ S—yF LifF, FE3 M B AR L OER (1ISM)

900MHz 46.5dB

2.4GH o . .8dB
CHZ gt 7oF o7 S SO AL, S /3K (2GHz~4GHZ) 69.8d

3.6GHz MERLRIGT . LZEmiE B LN —ar R, B3/, S SR 82.5dB

5GHz 802.11a, 802.11n, fiZEif(E LTS —ar B (LI, S MR, C /A (4GHz~8GHz)|  83.6dB

7.4 TINA ADEEEE— R

OPAX391 (ZITH —DREREE —FAHY , EIREED 1.7V (£0.85V) % L[EIAEEEL 9, OPAX391 D K E I+
1% 5.5V (2.75V) T,
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87 V=g RE

T
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 iER

OPAX391 |Z=F 4« F AL LZTE DS EA T 7T, %ﬂ;ﬁu;wtt'.jjiaotwﬂa}i% i%ébiﬁ/u OPAx391
e — b —L— L ARICKEE S CDT2)  (KEE ., B EIRENE, £7213 00 B E IR 23w 6E
T, 2B/ EREEE AR ARDF TS 1E ., EiFA 100mV Llﬁléﬂffa AHEFFOmA Y ~5'/x)\jj%1r
ZTHEY, EANHH TEEREELFARLET, OPAX391 BkE T 7%, Bo ¥ -7 7V r—ay K7 AT
BT AL DR BEE T as o T F e T IV —var KRB EIIOT 4 A7) —k MOSFET F/213/3A
R—F  RIANFIER SN TNET,

82REBMNET TV — 3>

8213EFCOHR - Y

8-1 12, 3 M F-D/NAT AL CO B Y EMAEDLETHEATL, VoI N~ A Ia/ U — R 7 ary sy Nalg
ZRLET, ZORIUHKEFHI, hoIESFe 3 M- A R ERIL PR MChIicH TEEd, AN BT
&, B RERE BB (WE), 77> # & (CE), U7 7L A &M (RE) D 3 >OEWNHYET, Bl CE
& WE O ZiiiL, S REICHAILET, RE INEEESOBMNEZLEHLET, AT A2LOE T
CE O/NAT A%FHHEL T, WE & RE ZRIUEMMICHERFTA2X4ENRHVET, U1 Tﬁ/ﬁkéhf_n‘T//ax&/bElﬁﬂ%
MLT, =R T =R 7T 7 a 1250 RE BV W Vrgg TRESNTIZEMITHER SN E T, Br Vo ER &
“jt%b Vob R ITEEMEZHEFLET, C1 & R2IIRT U aRI b AT T —E 5L, 74— RNy 7%
—EICERELET, U2 1IN A B —F T (TIA) 2B L., S DB & el EE A # L £
T, N1 IE REZFEHL T, MV A —H R AL ZDRRELRHRLET,

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

Rioad 1T EHE XV DA —IZL> THRESNDAMEHE T (—#MIZiX 10Q), WE TOEN L, FAIIIEi
7z VREF L:io“(%ﬁﬁ?éﬁ’bi@‘o

Ry
AAN

C4

_E_X\ T R
Veer 7 opaxaet

Cr

A%
Re

Gl

Rioap

AN -
Vrer +
OPAX391

8-1.3mF COHR - &Y

Vour
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8.2.1.1 RR&51E

ZOFEITIE, X 8-2 12”7 CO B OEBEXRMET VEFEHL T EEE I 2L —var L T0nET, 20 =l
—arid, 69nAlppm DIEEZFFD CO B A ET ML THIIITEHEI SN TWET, BIREE LK K AID 2
—% (ADC) D A STEJEIX 2.5V T, & KIEFE I 300ppm T,

10 Q 25V

WE
AN\ -
- J Veer 15T OPAX391

K82.CcCOotrY: - Ialb—aryOEKEKN

l CO Sensor I
| Model |
Vece

I cel i 10 kQ
| . AN

|
: 260 mMF —— 300 Q :
| | 10 yF
I I } }
| 20 | 10kQ 25V
| REL _AM
|
| 20 : Vegr —*{ OPAX391
| |
| 130mF 300 |
| |
| |
| | 110 kQ v

| _ TIA

| SENS 0-20 pA | b
| |
| |

8.2.1.2 HF#/R5TFIE

FP. Vrer BIEARELET, ZOBEIL. SR~y R —LESREEDR DT 2% B | CE T DF/NAA L T %
TETDHLOICLET, ZaUT, — R BE (B ER) OV, CE ui 2% RE BALICKH L TRIZRDZE
NI BDHTD T, RUFRETIE, 20K ED L TiE, 300ppm TD CE & RE D7 180mV ThHIEN b7
DELT-, BAD CE AA 7, 7y hb—2A, 10kQ BB O MG O ELERE F 2R T 5729, Vrer (2 300mV 28R L E
7

Vzero = Vrer = 300mV 2)
ZZT

© Ve V7 7L AEIE (300mV)
* Viero: IETEIE (300mV)

WIZ, PRSNDRKIRE COR KB FEREFHELET,

Isensmax = lperppm * PPMMAX = 69nA * 300ppm = 20.7pA (3)
ZZT
* lsenswax: THISNDHR AV Eiflt

. IPERPPM AT — R EL B ER (A/ppm)
* ppmMMAX: M EE72 i K ppm #t A E
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PRI, I ATREZRY 7 7L o ABELDS REWH A AL 7R A RO £,
Vswing = Voutmax — Vzero = 2.5V - 0.3V = 2.2V @)
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—> 3 VHikR

— 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 RTFICKT B Y DIBELE
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8.2.2 4AmA~20mA DJL— K5t

T IR e —hA—Tal e AT AT RIS, et R F — A= a2 EH T H7-012 dmA~20mA OiEfE 7 ak
LA LET, 8F72 2 2, 4mA~20mA L —7F 7T P — g TiE, VE—h bV AI D
BB 4mA KiEICHIFRSNE T, ZOBHHIRO-0  KEEE IR R RIZ2DET, OPAX391 1%, K%
). B | EARIE S ER S D AMA~20mA L—TF T T — a3  EOSLOEEE R L ET,

4.096 V

11.3kQ 14.3 kQ

OPA391

O lout+

60.4 Q

200

8221 77— 3 HfR

— Vbac
— lout

48
44
40

Voltage (1 V/div)

AN iAL o= OOON®

36
32
28
24
20
16
12

Time (1 ms/div)

8-5. AMA~20mA DIV—TIEE

K 8-4. 4~20mANV—T - 4 9 —T 4 ADEIEHE

Current ( 1 mA/div)

0 lour-

(EeE)
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8.3 BRICET SRR

OPAX391 7 /3A A%, 1.7V~5.5V (£0.85V~+2.75V) TENMET HZLDBLESITNET,

84LA47U kb
841 LATY LDHARSA >
BENILATUMREASHL T, IO ER Iz BElo L ET,

o F—XFEILET,

o ARG AIET VU NER (PCB) D7 TR T — %L, REFEETL L ET SAADOE L O TELHET LI
Bl L X7,

o B OMIZ 0.1uF O3 F oY R ELE T,

INBDHAARTA X, PEREZ 7] LS| BT (EMI) O BAIR T 2728 ORI maHB 4 57202, 7FrsHE
HAARICEMATo0ENHVET,

842 L4 7Y M

RIN
Vi VN +
Rs —— Vour
AAAY, -
$ GND Re
VN
B 8-6. BIE&E
Keep high impedance Minimize parasitic inductance
input signal away from Vs by placing bypass capacitor
noisy traces. close to V+.
Vin Chgypass
Rin
+IN v+ GND
V_
GND
-n YT Vour
Route trace under package for output
GND Re Re to feedback resistor connection.

8-7. L1417V I
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OTNARBELUYRF A FOYR—-F
9.1 FNA ADHYR— |

9.1.1 AR Y AR—
9.1.1.1 PSpice® for Tl

PSpice® for Tl 1%, 7 mZ [EEE OPEREFARIZE Y. DR FT B L OS2 —2a B T, LA 7 UM REIZE DT
2 T VAT LDORGHET AN AT 2 —al AR T 52T, BT AN HIRL . i A E T B 2 ki
TEET,

9.1.1.2 TINA-TIN > S a2 b—253 2 - YZ PO 7 (BRSO >O0—F)

TINA-TI™ 232 —var Y7 T L, SPICE = v &2 _X—AZ LTz Bl i 7e N WA S 2 —
ar - Fal 55T, TINATI X2l —ay - V777 1E, TINA™ V7 M7 =7 O3 X TCOMEBEA I D HE N —
Al T NV T BT NET VT AT T MIMAT, vIBETNADIATIZINTIa—RENTHET, TINA-TI 22
2l —3ar Y7 = 72X, SPICE OFEHER)7: DC fiFAT, B PEMEHT . JEIE IR AL T 70 L OSBRI A, 380
DO FHERE PRSI TVET,

TINA-TI 232l —ay -7 Ny TR ey — e Ial—3ia Web R_R—In bRt 7 m— R T& | o—H
— PR EIESFRHETT 4 —< v N CTED, ARG EREBE A 2 TV ET, IABRFHRIZRIZED . A1 % 5%
KU, B —R, BIE, BLOWEEZ T 0—T7 LT, B0 0 A7« AF—h Y — )L ER CE £ T,

ey
N7 ANEAFE AT AL, TINA Y7 =7 720 TINA-TI Y 7 b7 =27 3V AR— )L S TWDLL T

BHVES, TINA-TI™ VTR =7« T4 Z b ED TINA-TI S Rab—tar YT =7 %4y n—
FLTLZENY,

92 RFa Ay bDYR—F
9.2.1 B3EE#

BEEE BHZ DWW, LT AL TLEEN,

o TEYRALAYILALY  HART 7 L, @G, L —7EEMH 4mA~20mA 74 —/LR kT 2302 DY
Tyl AT AL

o TRV RALVAYNAY A7 NT—BLACFEA AR A T T DOV T 7L AT A

o TRV RAVAIIVANY [NTUAA L AT T OEEIE T 7V r—a LR —h

o TEXVRARAYNVAY [pH BfEE A LT E 7 7V —ar LR —h

9.3 RFaAY bOEFMEMEZITMDAE

R 2 A RO B FHIZ DN TOBMNAEZITEAIZIE, ti.com OF ASAZETL 7 4V FZBINTLIZE W, TEHOm@mmads
TED 12707 U TRERT D BESNTET X CORGERICBET X AP = ANl Z TR ET, A OFEM
IZOWTCIE B ESNTZR T2 AN ’aiﬂfb\éﬂkﬁﬁf%_ FTEEY,

9.4 R—F - VY=

TI E2E™ ViR —h 74 —T AL, T V=T DRGEE ADEIE EERGFHIE T80 M 2 A — M Bl o [H
BAZLNTELLIT T, BEDRIZEABRBR LD JhE OBEMAZLIZ0T 520 T, R TR ER AR ICELD
3:75 TEEY,

Vo783 TNWAar 7 oyid, S THEE ICLY ., BURoFERESN 2L DT, 2oL Tl OREE#ER 358
DOTITRL HFLS Tl O BEZ R L7 OTIEHDER A, TI OFEHSEHEZERL TSN,

9.5 FHiE

e-trim™, TINA-TI™, and TI E2E™ are trademarks of Texas Instruments.
TINA™ is a trademark of DesignSoft, Inc.
Bluetooth® is a registered trademark of Bluetooth SIG, Inc.
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PSpice® is a registered trademark of Cadence Design Systems, Inc.
TRTCOERT, ENENOFHTAE IRBLET,

9.6 HESNEICET 5 EEEIE

ZD IC 1%, ESD IZho THEIE T A REMENRHVE S, T R AL AV LAV T, IC BB L ISl E a2 o2&

A EAERLET, ELORORO B L ORBFIECIED RV A, 7 A 2B T 5B Z b T,
A\ ESD ICEAMHAIE, DT DR MREE T DT/ A AD TR £ CHIGI DTV E T, K72 IC DG, /$TA—FHD T
BT BT TARS TSN SANS TR D BT IR RALT< Ao TOET,
9.7 A&
FRA R AR LAY HEE ZOMFERIZIT, HEERIKGEO —HBLOERDFEHIN TOET,

10 A A =HIb, Ryo—2, BLPEXER

B D R—N L, A= Nor—2 BIOWEXICETAERATEHINTOET, ZOERIL. FEEDT A
AWK L TIREEN TOW BRI OT —2TY, 20T —Z3 T ERLETEINDLZENHY FX 2 AV MRUETENDHE
HHVET, KT =X — DT ITUVRREEAINTCODGAIE. B AN OFAZ ZEL7ZE0,
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
OPA2391YBJR ACTIVE DSBGA YBJ 9 3000 RoHS & Green SNAGCU Level-1-260C-UNLIM -40to 125 091
OPA2391YBJT ACTIVE DSBGA YBJ 9 250 RoOHS & Green SNAGCU Level-1-260C-UNLIM -40 to 125 091
OPA391DCKR ACTIVE SC70 DCK 5 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 1EJ
OPA391DCKT ACTIVE SC70 DCK 5 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 1EJ

@ 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: Tl 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.

® | ead 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 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. Tl has taken and
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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 TI 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 [¢—P1—
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 O OO 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
[ .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)
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
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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)

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
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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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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).

INSTRUMENTS
www.ti.com




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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PACKAGE OUTLINE
SOT - 1.1 max height

DCKOOO5A

SMALL OUTLINE TRANSISTOR

-

N
o]
©
i
(@]

f

PIN 1 : = L1MAX
INDEX AREA

]

[ 1
| —

tEUL

0.1
0.0 TYP
NOTE 5
0.22
GAGE PLANE
\[ 0.08 TYP

g TF/L»— 020 vp \ T

> TYP
0 0.26 SEATING PLANE

4214834/D 07/2023

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. Refernce JEDEC MO-203.

4. Support pin may differ or may not be present.

5. Lead width does not comply with JEDEC.
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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/D 07/2023

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
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/D 07/2023

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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