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5.8 ESHIEYE : OPA4391PW
Vg = 1.7V~5.5V, T = 25°C, R, = 10kQ. Vcy = Vs/2 DBE (FrZFLR D72 RY)

RGA—H 7 AN | BME REE RKE| B
7y NEE
+10 185
VS = 50V
Vos ANF1A7 vy NEE Vewm = (V+) - 0.3V +60 +750 uv
Vou = (V) - 0.1V +15 +80
dVos/dT 5\77?7?%%’3 Tp=0°C~85°C (1 +1 5| uvrc
PSRR |l Vew = (V-) - 0.1V 40| pvv
AT T 2Bk
| N Ta = 25°C(D +0.01 0.8 A
N EE
B ANTIISAT REGE Ta=0C85C 1 5 p.
T = 25°C(1) +0.01 08
los ASA 7o NER PA
Ta = 0°C~85°C (1) 5
AR
. 0.91 HVRrms
AVEIE AR f= 0.1Hz~10Hz. Vgy = (V-)
6.0 MVpp
f=10Hz 130
en AT EIE /AR |[f=1KHz 60 nV/VHzZ
f = 10kHz 55
in ANEF /AR |f= 1kHz 30 fANFZ
ASIBE
Vem 4R 2 T = -40°C~+85°C (1) (V-) - 0.1 (v+3 : Vv
(V=) - 0.1V £ Vg £ (V+) - 86 100
CMRR |4 1.5V Vg=55V 100 121 dB
(V+) - 0.6V < Vo < (V+) + 0.1V 69
AFAE—F U R
zg  |(EOAAES 0.1l 1 G|l pF
A
Z ?‘ﬁﬁ]\jj/f‘/t**&“ 111 TQ || pF
A
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5.8 BTN : OPA4391PW (%)

Vg =1.7V~5.5V, Tp = 25°C, R = 10kQ, Vgm = Vs/2 DA (FRIZFLIR DR ERD)

RTA—H F AN | BME REE RKE| B
BN— A
(V=) + 0.1V < Vg < (V+) - 0.1V,
Vem = (V=) - 100mV 100 121
VS =55V
(V=) + 0.45V < Vg < (V+) - 0.45V, 100 121
) ‘ Vem = (V=) - 100mV, R, = 2kQ
AoL BL—F BT A 4B
(V=) + 0.1V < Vg < (V+) - 0.1V, % 13
Vem = (V4+) - 1.5V
Vg=17V
(V=) + 0.45V < Vg < (V+) - 0.45V, 90 107
VCM = (V+) -1.5V, RL =2kQ
lout = OpA 450 kHz
—_— S N HH il
ues | A AR gy lour = OpA. R, = 50kQ 0.85
& MHz
IOUT = 100|JA 0.75
GBW 4o iikieint ! Mz
SR AJb— L—h G=-1.4V A7y 1 Vlius
ts ERU R 0.1% £T.Vg=55V,G=1, 1V A7y 8 us
tor R 77 (B4 IR ViN*x G =Vs 15 us
7
EIEH )AL T ( M °
EEAAR AAT (V
V ==
° —/LnB) 10 mV
R, = 2kQ 40
Isc JEA BT Vg=55V 45 60 mA
F—Fr =T
z . = e .
o P, f= 1MHz, A fF 1.6 kQ
BIR
T T ZEDOFRIEE 235 30
| ; Vem = (V+) - 1.5V A
@ i oM = (V+) Tp = -40°C~+125°C (1) a2 "
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5.9 {&RHIHFHE
Ta =25°C, Vg = 5.0V, Vem = Vs/2, R oap = 10kQ % Vg/2 (283t CL = 100pF D354 (RrIZFLak D72y RD)
40 20
35 18
16
30 T
14
< 25 & 12
© o
2 20 2 10
2 [
g 15 <
6
10
4
5 L ; In
O | PR L | | L 0
50 40 -30 20 -10 O 10 20 30 40 50 4 3 D) A 0 1 2 3 4
Input Offset Voltage (uV) Offset Voltage Drift (uV/°C)
51. A7ty NEREOSH 45 i, Tp =-40°C~+125°C
52. 47ty FEERU 7 hDSR
300 100
75
200
= 50
S S
= 100 =
Y g >
& &
£ 0 s 0
> >
3 g 2
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 & 5 &
53. A7ty NEELRE L DRRF 5-4. A7ty MEELRAHEBELOBR
1500 200
1000 150
. 100
> 500 z
[} (=] S
£ 0 8 Pvn
s — @g s o
z / ’\;“ % 50 /—’—‘M-’)(/\
£ . K2
5 500 v 5
-100
-1000
-150
-1500 -200
0 05 1 15 2 25 3 35 4 45 5 55 6 1 15 2 25 3 35 4 45 5 55 6
Common-mode Voltage (V) Supply Voltage (V)
30 ff, Vg = 5.5V 5 f#, Vg = 5.5V
55. 47ty MRELFHEBE 2 ORR 56. 47ty MEELBREEL DMK
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5.9 AR (Fex)

Ta =25°C. Vg = 5.0V Vou = Vs/2. Rioap = 10kQ % Vg/2 (2826, C = 100pF D34 (FEICFRik 70 BRY)

Common-mode Voltage (V)
Vg = 5.5V, Vg/2 % Kt L 2 RAIEIE
B 5-11. AH/NA 7 ABFi & FHEBE & OB

140 180 30
— Gain — G=-1
120 —— Phase | 150 — G=+1
— G=+10
100 120 20 +
80 90
= = 10
3 60 60 3 g
£ & =
g 40 E 8 o
20 0
0 -30 -10
-20 -60
-40 -90 -20
10m 100m 1 10 100 1k 10k 100k 1M 10M 100 1k 10k 100k ™M 10M
Frequency (Hz) Frequency (Hz)
RL = A fif
5.7. BUL—7 - 44 > B L URIHE & Bk & OBME 5-8. V=T D51 » B L UHIHE & BiRE & OBk
50 100
— g — g
40— g, 75| — s,
30| — los — los
= = 50
é 20 £
5 10 § 25
S S
o 0 o 0 .
3 3
@ -10 @ 25
=} =}
g -20 g 50
-30
-40 75
-50 -100
-1 -08 -06 -04 -02 O 02 04 06 038 1 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Common-mode Voltage (V) Common-mode Voltage (V)
Vg = 1.7V, Vg/2 # 33 B [RIFEEE Vs = 3.3V, Vg/2 ZEHEL T D RIFAEE
5-9. AJINA 7 AERERAHEE & DR 5-10. ANA 7 AEREFAHESE L DR
100 2500
— IB*
75 — g,
2000 | — Iog
g ¥ g
:E/ ‘E’ 1500
s 2 s
5 5
O 0 O 1000
[%2] (%]
© ©
o -25 o
5 S 500
Q Q.
£ 50 £
0
-75
-100 -500
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

Common-mode Voltage (V)
Vg = 5.5V, Vg/2 A HEL T D AFEEE
B 5-12. AA/84 7 RBRERAEEEL DB
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5.9 KR (FiX)
Ta =25°C, Vg = 5.0V, Vom = Vs/2, Rioap = 10kQ % Vg/2 (Z#5Ef5t. CL = 100pF DA (FRZEEIER DR RD)
36 — 60 —
32 54
28 48
. 24 B _®
& £ 36 1
o 20 &
£ g 30
£ S
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)
5-13. AEDAINAL 7 ABHRONT 514. IEDAHNA 7 ABRHROHDTR
| 6
10— ls- —— —40°C
R :B+ 54 — 25°C
— los 4.8 — 85°C
z — 125°C
a 1 S 42
] g 36
5 8
(&) S 3
& 0.1 Z
o 2 2.4
E S 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)
5-15. AN 7 ABHR L RE E DB 5-16. (HNBER A > & LN BF & DBIF
(RAEAGEEN)
3 120
—— -40°C — PSRR-
27— 25°C ) — PSRR+
04| — 85°C T 100
| — 125°C %
g 2.1 % 80
2 18 S
8 134
<>_J 1.5 .[;g? 60
g 1.2 z
3 09 g
&
0.6 $ 2
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)
5-17. HABERA > J & HAEREDBR 5-18. PSRR & g & DR
(BRAHEISHEEN)
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5.9 AR (Fex)

Ta =25°C. Vg = 5.0V Vou = Vs/2. Rioap = 10kQ % Vg/2 (2826, C = 100pF D34 (FEICFRik 70 BRY)

Frequency (Hz)
Vout = 1Vrus
5-23. THD+N Lt & Rik# & DBEfR

Output Amplitude (Vrms)
f=1kHz, 7 (/L% BW = 80kHz

5-24. THD+N & i AHiRIEE OB

20 40
= 175
= —
g 15 < 30
= 125 2
2 10 o 20
© =1
o 7.5 E
§ ,° c 10
5 25 -%
g s g °
* -2.2 2
8 g 0
= -75 g
s -10 @a -20
E 125 o]
-15 2
S o -30
O 475 o
-20 -40
S0 -2 0 2 50 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
5 i 5 {1
5-19. CMRR £iRE & DBAR 5-20. PSRR &iRE & DB
10000
— Vour
- F
2 < 1000
° >
> c
> s
= 2
(o3 o
g e
S & 100
g
Time (1 s/div) 100m 1 10 100 1k 10k 100k
Frequency (Hz)
5-21. 0.1Hz~10Hz D/ A X 5-22, AWNBE/ A X + ARY MIVEBE & Bk & DRR
5 1 -40
—~ —=- G =-1,10-kQ Load o = =
= — - G =-1,100-kQ Load -7 =3 2 . g
g 1| — G =+1, 10kQ Load 40 3 8 . 8
S — G = +1, 100-kQ Load S g S N O 0 Y R S
+ + + T ’ f
S S 5§ 01 60 ¢
5 o1 -60 é 5 5
8 a 3 2
g 2 2 2
c c =
g e | g 2
E oot 80 & 8 001 _.G=—1,R =10k 80§
I = = —-G=-1,R =100 kQ T
£ 3 35 —G=+1,R =10kQ £
= . = —G=+1,R =100 kQ =
0.001 -100 0.002
200 2K 10m 100m 1
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5.9 ARIVFMY: (Frx)
Ta =25°C, Vg = 5.0V, Vom = Vs/2, Rioap = 10kQ % Vg/2 (Z#5Ef5t. CL = 100pF DA (FRZEEIER DR RD)
30 34
32
24 g =
< < 30
c 18 S 2
3 3
g 12 g 26
3 3
3 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 5 {1
5-25. BEER & ERERE S DR B 5-26. B ILEF & RE & DER
10 1000
7.5
S 5 @ 100
= 2
£ §
g 0 == g 10
] £
- -25 5
2 £
OQ‘ 5 (@] 1
-7.5
-10 0.1
50 -25 0 o5 50 75 100 125 1 10 100 1k 10k 100k 1M 10M
Temperature (°C) Frequency (Hz)
5 &
@ 5-27. BV —7 - 54 L EBE L OBR 5-28. BV —THNA >V E—F AL il L DRk
60 80
— Riso=00Q — Riso=0Q
55| — Riso=25Q — Riso=25Q
— Riso =50 Q — Riso=50Q
50
S g
g 4 g
o] o
30
25
20 0
10 100 1000 10 100 1000
Output Capacitance (pF) Output Capacitance (pF)
G=+1 G=-1
5-29. IMEBF—/N—a— FEBRBEEH LOBE 5-30. IMEBF—/N—La— ML BRBIEAFHEOBE
(10mvV 257w 7) (10mv 257w 7)
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5.9 AR (Fex)

Ta =25°C. Vg = 5.0V Vou = Vs/2. Rioap = 10kQ % Vg/2 (2826, C = 100pF D34 (FEICFRik 70 BRY)

— VN
— Vour

Voltage (1 V/div)
Voltage (500 mV/div)

—
— Vg‘UT _I

Time (100 ps/div) Time (5 ps/div)

5-31. fIAREAL L 5-32. IEDBEFH S DOEE

— VN — Vi
— Vour — Vour

| —

-

Voltage (500 mV/div)
Voltage (5 mV/div)

Time (5 ps/div) Time (10 ps/div)
G=+1
5-33. ADBATH, S OEE 5-34. IMEBRT v TRE (10mV XF v )
— Vin ’ \ — Vi
— Vour * — Vour

Voltage (5 mV/div)
| !
Voltage (500 mV/div)

Time (10 ps/div) Time (10 ps/div)
G=-1 G=+1
5-35. IMES AT v 7I5E (10mV 25 v 7) 5-36. KES AT v 7Ib&E (4V 2T v 7)
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5.9 fARHVFHE (FrX)
Ta =25°C, Vg = 5.0V, Vom = Vs/2, Rioap = 10kQ % Vg/2 (Z#5Ef5t. CL = 100pF DA (FRZEEIER DR RD)
— Vi — Falling
— Vourt e Rising
3 s
: :
o €
3 = \ \W-a
° 3
£ =
G o u \/
>
Time (5 ps/div) Time (2 ps/div)
G=-1
5-37. KEBRAT Y TH&E AV AT v 7) 5-38. € bNU VY - 94 LA (IVIEERT V)
90 7
— Sourcing — Vg =42.75V
85 —— Sinking 6 — Vg =10.85V
g 35
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s S 4
5 70 8
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§_ 65 - 3
5 £
© 60 3 2
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)
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3 80
z
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=
w
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0
10M 100M 1000M
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PRF =-10dBm
5-41. EMIRR & [Fil& DBaf%
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6.1 {I=

OPAX391 1%, M B OF 7y h N AEEZFER L KT 7y h, (KIEEE SO e-trim 77T, ZRHDA
T UANE, ANTIA T/ NELE, RUTZR, AT REFNIEFIARL | HH8E & 57 1L O LR IE R ITE N TV
£, OPAX391 [E 1.7V~55V TEIfEL, =7 S CEELTHY , SES FAPANOEREDT 74— 2
VHICEREESHQOET,

HNZIEEWEEEAMICIHZ SN EE R I BRHY | R TRELT-EREZ ML £7, OPAX391 (X, AN
AT AEFR AT vy NEIE, MWEE I NEEREA LY S AR T T T,

6.2#ETOY IR
Qg Pty (]D (1)
e r i N
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6.3 HRBESREA

6.3.1 EOA/N1 T REBE

OPAX391 I%. CMOS AJj& & EE e e < (ESD) REERIKIZED | IEFIARNAT) AT A E WA EBLET, A
J13A4T7 ZEG (Ig) 1%, EIZ CMOS AN 7 7D A1 7 UTEAFL £9, ESD BV ZEEITHRFI L&, KR
I FPH 2RI D725 T, CMOS A1 T NARTRER AT ASAT ZAETRNFEAET D A REMEDHY £ 7, OPAX391
1%, 125°CTHc K +30pA DEENTZAT)SAT ABTREMZFBLET,

6.3.2 AWEZHEF

OPAX391 TII AT/ —RBIZEAF =R DR SN TR W20 | BIREEBOEEDO A SIEIFITHISTEET,
11 WA EERLET, ZNHDT AR, BIREBELZ LRGSRV EEOZEE A N BIEICM A SLET A,
0.5V #2578 A ) EE Tl ES eIz L TliEan,

1kQ
+IN -

1kQ °°R'>
N +
V-

6-1. E{fi A S EIE&

6.3.3 BEE B TIEEIEET]

OPAX391 1L, K 1InF O EVEAN THLZ EME & HERF 972 @ B 7n tH 1 BREh A 1 2 2. TV E9, Z<OKHEIEE T
TR M BEOARAT AEHSNAEIEL A BNMENW 2D BEEAMICHER T2 L EENMETLET,
OPAX391 1T, WA BEMAMIOEA TANBRAE AL TSN TEBY, BMOMBEERITRELEFT A, 20K
IR, TR TCOIRE R LEBIRSFMEICB O TR EED BT NA A RUWETHOITEND | B2 AT AVEREE FEH
LET,

6.3.4 EMI B

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 CZOT AN ToTefERE K 1-1 ITRLET, EBEOT 7V r—ra T iR A3 D HRE DO JE I
175 OPAx391 @ EMIRR IN+ fEi% & 6-1 \RLET, & 6-1 IR T 77V —Taid, RIORTREED B A
FLEL T, SRIEZ 0 MR OMT CEREINE T, S W T, [T 70 EMI BRER |7 7V r— a0
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
FAT TR EMIRR 3@ WHDOTHY , ZiUTT v~V OETEEILESIET, EMIRR ORE XS EIFe H1ETE
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,

Copyright © 2024 Texas Instruments Incorporated BB F BT o — N2 (:‘jfe,‘ﬁ OB ‘é\iﬁﬂ‘) B 19

Product Folder Links: OPA397 OPA2391 OPA4391
English Data Sheet: SBOS925


https://www.ti.com/lit/pdf/SBOA128
https://www.ti.com/lit/pdf/SBOA128
http://www.ti.com
https://www.ti.com/jp
https://www.ti.com/product/jp/opa391?qgpn=opa391
https://www.ti.com/product/jp/opa2391?qgpn=opa2391
https://www.ti.com/product/jp/opa4391?qgpn=opa4391
https://www.ti.com/jp/lit/pdf/JAJSKH3
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKH3D&partnum=OPA391
https://www.ti.com/product/jp/opa391?qgpn=opa391
https://www.ti.com/product/jp/opa2391?qgpn=opa2391
https://www.ti.com/product/jp/opa4391?qgpn=opa4391
https://www.ti.com/lit/pdf/SBOS925

13 TEXAS

OPA391, OPA2391, OPA4391 INSTRUMENTS
JAJSKH3D — DECEMBER 2020 — REVISED APRIL 2024 www.ti.com/ja-jp

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
\ZXY, RF 15 5% FE K Hn A FTE A BRI CX | oL & DO MEZAR HAE S PCB EC#ROBEme X B E L
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
BT ARREMRNHVET, IAXDSNERIE R T2y A B —T ARG BT al s ) —R%& )
I — LR, BT AI0ICEE L TIEENY,
OPAx391 @ EMIRR +IN O & Hck % X 1-1 (RLET, OPAX391 D=F ¢« 7 A g X 1MHz T4, 20
B EARmTO EMIRR MEREIZ., T4 AESNA T 7 OBBIENICH DI EERLTVET,
140

120

100

80

60

EMIRR IN+ (dB)

40

20

0
10M 100M 1000M
Frequency (Hz)

6-2. EMIRR T X b

= 6-1. BEREREICH TS OPAX391 D EMIRR IN+
FRIFEE TFYr—ar BRUOENY T EMIRR IN+
400MHz VIR AR FH T, K, L—F — BN (UHF) 770 —say 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 - . .
CHZ gt 7oF o7 S SO AL, S /3K (2GHz~4GHZ) 69.84B
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

6.4 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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T77V5—23  ERE

LAF o7 7 Vr—variFliz, TI O®-EAERICE TN 0 TiEZel, Tl TIEFOEfE T aets

PRAEVTZLEE A, fll 2 O BN 2R OEEVEICHOWTIE, BERROEETHWTL TV 7272<Z&ic
RET, BERITIAH ORGIRELHAEL T AN 5L T, VAT AOKREZHER T DU ERHYET,

7477V =23 ER

OPAX391 1T =T 1« F ALV L TE DG EA T 7T, %E;Hbfocb\ﬂjjjj’oct@“{ﬂﬁ}iﬁﬁ IRALEE A, OPAx391
el — e — L—L AR SN CWATZ)  IREE ., B—EBIEENE, £ BB IR 23 "] 6E
T, TNHO/NRL EREEE AR AR DA T 71X, EIREZ 100mV LIE%I—H‘H G A FF O A ~§?/x)\ﬁ7a‘:1r
2TCBY, AN CTEEREEZFRLET, OPAX3 EEET 1. BV TV r—ar ARF A F-1T
BAADORIEEE T Tal I Fo—r T IV — gy ARHEE ST OT A7V —k MOSFET F7-13/54
R—T RTANEFIZRR SN TNET,

72RF¥ENETTV5—2a >

7.213 FCO KX - &%

B4 1-1 12, 3 b F-DSAT Z72L CO B Y EAGDOE THEMTD, TN~ A7 T — KT v ax sy Malg
%rbi?“o ZORURFHE, OIS ESE 3 i - T AP RERILFRMCHISH TEET, AR P
X, B AEMEITEEE M (WE), v 2 (CE), U7 7L A% (RE) @ 3 >OEMIHYET, HEifii: CE
& WE ORI Z AL, BHESNI-R I FILE 3, RE 1IN EEHE SO BN ZERLET, AT ARLOE YTl
CE D AAT A%F#EL T, WE & RE ZRIUENAZHERF T2 L ERHVET, U1 TERSNIZAR T rarxyy Malg4
LT, =R T =K\ 7 - T oa0280 RE BV VRer TRIESNBILICHERISNE T, Br PV ofER &
MKRENTZD  RUITLEMEEHEFFLE T, C1 &£ R2 IZART v ard b AT T —2 5K L, 74— F‘A‘,&H%EFEJ%
—EICRRELET, U2 IBRTU AL —F L 2T F (TIA) IR L, RS- Y it % e I BT I A £
T, 1L R 2L T, MV A B —F L R A L Z DR EZFH R L ET,

Vria = (-1 * Rp) + VRer (1)

Rioag 1T MHIZELAFDA— B —|Z Lo THRESNAATHEFETT (—HMIZIE 10Q), WE TOEMIL, FINSHh
72 VREeF WX TRESNET,

AN *
_L Cip
I
_E_}\ R
po AW\ - AW :
_E_J
v, +
REF OPAx391
||
[
Cr
AN
Re
RLOAD
VOUT

AN -
Vrer +
OPAXx391

71.38WFCOHR - Y
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7.2.1.1 REHEMS

ZoBITE, K 1-1 177 CO BV OEXMETT LV EFHL TR MEEE %yi;v»—‘/a‘/bﬂ\ih DIl
—arid, 69nAlppm DIREEZFFD CO BV EET WML TAIDICHFSINTWET, BERBL LK AID 22
—% (ADC) D AN FEFEIL 2.5V T, K EIL 300ppm T,

CO Sensor
Model
Voe 10 kQ
CE
l NN
260 mF —— 300 Q
10 pF
|
[
25V
RE 10 kQ

|
|
|
|
|
|
|
|
|
L
: Vrer — 1t OPAXx391
|

130 mF 300 Q |
|
|

Isens -20 pA : 110kQ \ﬁ&
WE I 10Q 25V

I A%

L - - J Veer 12T OPAX391

B72.cotry:->3alb—aroRiER

7.2.1.2 M7 RRETFIE

F9°. Vregp BEZIELE T, ZOBEEIT. e K~y RIL—LESRED R DT 25 HY | CE WD /NAA L T %
AT HLOILET, TIUL, —AEH0IC, B (L) ORI, CE #5725 RE BALICRIL TRICRD T
BEHBIDTE, _UFMIE T, ZOREOE AT, 300ppm T CE & RE D373 180mV THHZENDH
DNFELT-, BD CE AL 7, 7y hb—2A 10kQ BB O DO ELERE F 2R T 5729, Vrer (2 300mV 28R L E
R

Vyero = VRer = 300mV (2)

ZZT

* Vi V7 7L A& (300mV)

o Vaero: IR (300mV)

Iz, FRIENA R KIBE COR KV ERAETELET,

Isensmax = lpErpPM * PPMMAX = 69nA * 300ppm = 20.7pA (3)

ZZT

* lsensmax: THISND e Ko i

. |pERppM:7{‘_7:7‘—75§£aﬁbfltyﬂ-%?ﬁ (A/ppm)
o ppmMMAX: X EE72f K ppm w4 B E
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WA EE A TTRER ) 7 7L v AEE LV KEWH 1A T E RO £,

VSWING = VOUTMAX - VZERO =25V -0.3v =22V (4)

- -
——

® VSWING %/EUéhE)Hjjj rﬁ1h
y VOUMAx-7/7®Hij<Hj777<4/7

BB, e RAA T e R P EREH AL T, NV A —HF A IRGUE (Re) 3t HELET,

RE = Vswing/Isensmax = 2.2V/20.7pA = 106.28kQ (—fXHIZ 1% 110kQ %18 ) (5)
721377V = a ViR

— V1A
— Vce
25V — lsens

Voltage (1 V/div)

Current (10 pA/div)

4 20 uA I—

Time (10 ms/div)

7-3. X alb—hkEh/ 300ppm D CO BBICHT S HDBELE
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7.2.2 4AmA~20mA D/l — 7Rt

TrIRN) A — R A—Tar s AT AT RIS, et R A — A= ar B BB A7 012 4AmA~20mA OEE 7 ek
VB EHLET, RFEAZR 2 832, AmA~20mA L—7 - T —3 g TlE, VE—h " AIvE ~DEITE
BB 4mA KiEICHIFRSNE T, ZOBHHIRO-0  KEEE IR R RIZ2DET, OPAX391 1%, K%
). RS E AR N B R &S AMA~20mA L —T - T U a it DS OFEA R L E T,

4.096 V

11.3kQ 14.3 kQ

OPA391

O lout+

60.4 Q

200

72214 77V =2 a3 ViR

— Vpac
— lout

Voltage ( 1 V/div)

AL oaNvMWwE O N ®

Time (1 ms/div)

B’ 7-5. AmA~20mA DIV—TIEE

48
44
40
36
32
28
24
20
16
12

K 7-4. 4~20mANV—T - 4 29 —T 4 ADEIEHE

Current ( 1 mA/div)

0 lour-

28 BRHIHT 37— PNy 2 (ZE R BB DY) K E
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7.3 BRICEY S#RRE

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

74147k
741 L1470 RDAL K51 >
BN AT NFREICHL T, BB ORIt e BEo LE T,

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,

742 L1470 B

RIN
Vi VN +
Rs —— Vour
AAAY, -
$ GND Re
VN
B 7-6. BI&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.

7-7. LA 7D b
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8TNARBLULRF AV FOYR—-F
8.1 FNA RADYHKR—b

8.1.1 BEYNHR— F
8.1.1.1 PSpice® for Tl

PSpice® for Tl 1%, 7 uZ BIEE OMRERHIICR N DR GBI 12— a BE T, LAT U NRIE I D]
W2, BT VAT ARG ET AN AT I a—a BERTHZE T, R aANHIE L, T8 A oM % EiE
T%ij‘o

8112TINA-TI™ S a2 b=y VY7 U7 EXSYO—E)

TINA-TI™ 232 —3ar V7727 1%, SPICE =0 & _— R LI Hiflinso5i ) 7e N0 W EIE S 2L —
ar - Fal 55T, TINATI 332l —ay - V7 77 1E, TINA™ V7 M7 =7 O3 N TCOMBEA I D HE N —
Ay T YT R TNETITAT T MIMA T, 78T T A DTATTVRTIa—RETHNET, TINA-TI 23
a2l —3ay Y7 = 72X, SPICE OFEHER)7: DC fFAT B PEMEHT . JEIEELR AL T 708 OSBRI A, 380
DO FHEREN SN COET,

TINA-TI 32l —ay - V7 e TR E Yy — e Ial—3ia Web R_R—I bRt 7 o m— R T& | o—H
— N FERESESF R FETT 4 —~y N TED, IR B UEERE 2 2 COET, ABRFHIERIC I, A A
KU, B —R, BIE, BLOWEEZ T 0—T7 LT, Bi0720 A7« AF—h Y — LB CE £ T,

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

BHVET, TINA-TI™ VTRT 27 T3V Z 030, BED TINA-TI 2ol —rary Y I Ny =T 52X T a—
RLTLEZS,

82 RFaAyhDHR—F
8.2.1 BEEH

B EHI OV TR, LR 2SR TLEEN,

o TEYRALAVILALY  HART 7 L, @G, L —7EIFRMHH 4mA~20mA 74 —/LR-h T 2302 DY
Tyl AT AL

o TRV RALVAYLAY AT —BRACET AR AT T DOV T 7L AT A

o TRV RAUVAINVAN [NTUAA L —Z AT T OEEIAE T 7V r—ar - LR —h

o TEXVRAAYNVAY [pH BfEE A LT 7 7V —2ar LR —h

8.3 FFaAY bOEFMBEMEZITMBAE

R 2 A RO FHZ DWW TOMENZ 2T EUDIZ I, www.tij.co.jp DT AR 7 4 L2 2B TLIZEWN, [#@E1] 27
Uy 7L TGRS D& BRI T R TORGERICBET2X AL = AN IS TIADZENTEET, EREOFEMIC
DT, ETSNTERF 2 A MZE T %Bﬁuﬂ%ﬁ%* BEEN,

84HMR—F-VVY—-2

THXRY R AL AY VALY E2E™ PR —b T4 —T AL, TP =T DRRGEF - OEE LR GHI BT Db Mok A8
—MPBIEH D EHGH LN TELHET T, BEFORZE R LI, M A OEMEZLIZ 5L T, i TR E
IR R AFHZENTEETS,

V73N TNBar 7o ViE, FFmE IV BUROFE IIRIEINDZLO T, ZNOIETH R A AV LAY O
BERRERR T AL T BT LE TV R AL RN ALY D BfRE KL O TRBOER A, THF TR AL R
VALY O S E BRI TLIZEN,

8.5 FZ

e-trim™, TINA-TI™, and 7% A AL RV )L A7 E2E™ are trademarks of Texas Instruments.
TINA™ is a trademark of DesignSoft, Inc.
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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

Addendum-Page 1
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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).
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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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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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