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6.6 ELS4¥: (continued)
MIRZELEN : Vg = 1.7V % 55V | Ta=25°C , R = 10kQ , H Vo = Vs/2 ( BIES A 38 )

OPA391, OPA2391
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6.7 SLAVREE

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

Tao=25°C,Vs=50V,Vem=Vs/2, Roap = 10kQ #EE Vg /2, H C_=100pF ( ARG UM )
140 180 30
— Gain —_G=-1

120 —— Phase | 150 — G=+1

100 120 20 ——G=+0

80 90

— = 10
3 60 60 3 g
'% 40 30 s 3
o} = o 0
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)
RL = é?}k
B 6-7. FFIRMAAHLL S HE A R B 6-8. MRS EmAAAL S HIREHIRR
50 100
-_— |B— _— IB-
40— I+ 75| — I+
30|~ los — los
£ 2 g
5 10 g 25
5 5
o 0 o 0 ,
(2] 12}
'j'('f -10 ﬂg -25
é 20 izl -50

-30

-40 75

-50 -100

-1 -08 06 -04 -02 0 02 04 06 08 1 - 15 -1 05 0 0.5 1 1.5 2
Common-mode Voltage (V) Common-mode Voltage (V)
Vs = 1.7V, DL Vg/2 R i LA% i e Vg =3.3V, LL Vg/2 bk (i i
B 6-9. #r M\t B R SRR IR R 6-10. BN E IR IR R R R R
100 2500
— g
75 — I,
2000 | — g
g g
= = 1500
s 2 3
S 5
o 0 O 1000
3 8
o .25 o
= 5 500
g_ .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 =55V, DL Vg/2 JyBEHE A% f Vg =55V, DL Vg/2 JyBEHE A% i
B 6-11. S\ B R S R M IR & & 6-12. F N B IR 5B B R R MR R
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6.7 LAV (continued)
Tpo=25°C, Vg=5.0V, Veu=Vs/2, Rioap =10k Q iE#ZE Vg /2, H C_=100pF ( AR AW )
36 60 —
32 54
28 48
. 24 H _
2 £ 36 T
o 20 [
£ g 30
3 16 3
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)
B 6-13. N\ R E B A & 6-14. IE¥I N\ R B B 5 A
6
10— ls- — —40°C
— :BJr 5.4 — 25°C
— los — 85°C
48
z — 125°C
et 1 g 4.2
o g 36
5 g
o 3 3
& 0.1 Z
o 2 2.4
g 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)
A 6-15. A REARSREFNXR 6-16. it LR IZIR S 4 LI B R
( BERHIRHE )
3 120
— -40°C — PSRR-
27— 25 @ — PSRR+
04| — 85°C T 100
7l — 125°C k)
g 21 ,5:“ 80
8 18 S
£ 8
S 15 @ 60
g 1.2 2z
3 os g
0.6 % 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)
&l 6-17. frit R EIE S B AR R E 6-18. PSRR S E AKX R
( BKHIRHE )
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6.7 LAV (continued)

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

Frequency (Hz)
Vout = 1Vrus

Bl 6-23. THD+N 53R A%< R

20 40
= 175
§ 15 < 30
>
2 125 2
£ 10 g 20
e 75 §
_5 5 = 10
5 25 %
'g)' 0 g’_). 0
3 - > -10
> 75 3
£ 10 » -20
g -12.5 °
-15 =
S 475 g %0
-20 -40
0 -2 0 25 5 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
5t 5 /METG
& 6-19. CMRR 5iR | [f=% & B 6-20. PSRR 5B KL A
10000
|— Vour
- F
2 < 1000
] >
> c
> =
= 2
@ o
g °
o g 100
g
Time (1 s/div) 100m 1 10 100 1k 10k 100k
Frequency (Hz)
K 6-21. 0.1Hz £ 10Hz W5 &l 6-22. iy \ B R MRS S B SR A IR R
5 1 -40
— — - G =-1, 10-kQ Load o - =
g — - G=-1,100-Q Load -~ 2 g N S
8 1| — G=+1 10-kQ Load 40 B 3 - 3
S — G =+1,100-kQ Load s} 5 LN R e N 2
z z Z NN et T z
+ + + cie— +
5 g | g o 08
s o1 60 S 5 £
7 RZ] w ®
2 a [a) a
o 2 ©o o
: :
£ oot 80 5 § 001 __G-_1.r -10k0 80 £
T z z —-G=-1,R =100kQ z
g 5 3 — G=+1,R =10kQ £
[~ = = — G =+1,R_ =100 kQ =
0.001 -100 0.002
200 2k 10m 100m 1

Output Amplitude (Vgrms)
f=1kHz , JEJ%2s BW = 80kHz
Fl 6-24. THD+N SRR RIFR R
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6.7 LAV (continued)
Tpo=25°C, Vg=5.0V, Veu=Vs/2, Rioap =10k Q iE#ZE Vg /2, H C_=100pF ( AR AW )
30 34
32
24
< < a
€ <
g 18 g 28
3 5
§ 12 8 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)
5ot 5o
K 6-25. SRR S RIFEEER KRR K 6-26. AR SEEHKIRR
10 1000
7.5
S 5 a 100
= 2
£ §
O = g 10
8 E
- 25 =]
2 g
8‘ 5 (o] 1
-75
-10 0.1
.50 25 0 25 50 75 100 125 1 10 100 1k 10k 100k 1M 10M
Temperature (°C) Frequency (Hz)
RSTH
 6-27. FI WA SRR B 6-28. JT R4 FHHL SIME A KRR
60 80
— Riso=0Q — Riso=0Q
55| — Riso=25Q — Riso=250Q
— Riso=50Q — Riso =500
(@] o
20 0
10 100 1000 10 100 1000
Output Capacitance (pF) Output Capacitance (pF)
G=+1 G=-1
B 6-29. /M Sl S A ARABFIR R &l 6-30. M SEHERFERREKIRF
( 10mV BAER ) (10mV BEX )
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6.7 LAV (continued)
Tpo=25°C, Vg=5.0V, Veu=Vs/2, Rioap =10k Q iE#ZE Vg /2, H C_=100pF ( AR AW )
— Vi
— Vour
S £
- o
Y 8
g g
o ©
g 2
— VN
— Vour _I
Time (100 ps/div) Time (5 ps/div)
B 6-31. TAEbL R ¥ B 6-32. X RIKE
— VN — Vi
— Vourt — Vour
z -L-————-—-
S g
> =
E z
= ©
~ (0]
£ 3
> r
Time (5 ps/div) Time (10 ps/div)
G=+1
E 6-33. S HRE & 6-34. M5 SHTERMILL ( 10mV BrEX )
— Vin — Vi
— Vour J — Vour
vt | =
= k<)
5 S
E 5
o B
S ©
£ &
S s
> gt =
Time (10 ps/div) Time (10 ps/div)
G= -1 G=+1
& 6-35. MSSHIERMEAL (10mV FHER ) K&l 6-36. KI5 SHIERmIR ( 4V BHER )
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6.7 LAV (continued)
Tpo=25°C, Vg=5.0V, Veu=Vs/2, Rioap =10k Q iE#ZE Vg /2, H C_=100pF ( AR AW )
— Vi — Falling
— Vour — Rising
z s
= )
€ >
S 1S
'3} Z Raay
: : N
S 5
= o
>
Time (5 ps/div) Time (2 ps/div)
G=-1
& 6-37. XIS SHERmNL ( 4V BYER ) & 6-38. Z LR E] (1V EMEK )
90 7
—— Sourcing — Vg=12.75V
85 —— Sinking 6 — Vg =085V
¥ T 5
% 75 =
g S 4
5 70 8
S S
3 65 Z3
5 =
© &0 3 2
50
40 20 0 20 40 60 80 100 120 140 0
Temperature (°C) 1 10 100 1k 10k 100k 1M
Frequency (Hz)
E 6-39. B A SR E RIS R
& 6-40. B R H R SMENRRER
140
120
100
g
% 80
z
E 60
s
w
40
20
0
10M 100M 1000M
Frequency (Hz)
PRF = -10dBm
E 6-41. EMIRR 5% 2 KR
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7 VE4N
7.1 R

OPAX391 &R M & A U i IS B BEBOR IR R T B o IRTNAE e-trim IZRORES . IR LIS FBOR A8 T IR AU (K
NG R R A N i B R, [N AT SEIL M R 98 S A B L . OPAX391 W TAE RN 1.7V &
5.5V, MG REE , B E T 2 A AR % R

A R A e R g, AR R AR, AT SEBLRRE AT SE PR RE . OPAX391 M35 i 1X L8 834 B i HY
TR RS Aoy PONERBLYTR A A RE . KIS FE 2 0 E 2

7.2 TRe T HER
Qg Cent (]D (1)
e i N

Veiast Class AB

Control — Vo
Circuitry

4 1 -

0 9 ¢

(Ground)
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7.3 FetEii A

7.3.1 RN RE B

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 Nm B B, CHARET SRS T . OPAX391 7€ 125°C KAl SEHLiR KA J9 +30pA 1 H (i A\ B
AEHE

732 MANESHEE

OPAX391 FER N1 il Z A1 BCAT EEARAE AT — A8, AT A LA T A A R 2 18] o 1] 7-1 2o RS R
BRI LUK SAR AN R B R B Z2 7 N LT, (EORVEAE KT 0.5V I FL IR N HF4EIE1T .

V+
1kQ
+IN -
1kQ °°R'>
-IN +
V=
B 7-1. SRR

7.3.3 &M B IRE

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

7.3.4 EMI #fi|

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
XE& (TI) C&IF R IHTE 10MHz % 6GHz & B2 i i il Py e s U = A AL i SRR 2R b i Thae . | 7-2 &
7~ T AP OPAX391 AT IR 45 5. 22 7-1 %1 7 OPAx391 78 S2br v FH b i DL 2 42 T () EMIRR IN+ {8,
71 FUH RN ATLE R B4 R AR sl T IR I8 4T . A ORVEANME B AT S W & A5 17 EMI 7]
[ R AT www.ti.com REUHR T .

HLEZ TR (EMI) #01 EE (EMIRR) A Skt IR 2 SEECR A1) EMI i XVF 2 I8 HBORE R | USSR L
SR AR AR W0 R — NS RO BE S A ROt d1 EMI SR 2RI s R AR M, 5 2
BOR A = BA B EMIRR ( HR/hEid 7 DUER &AL ) o« JE EMIRR U7 EAIRZ M, (AR 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

18 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: OPA391 OPA2391


https://www.ti.com/lit/pdf/SBOA128
https://www.ti.com/lit/pdf/SBOA128
http://www.ti.com
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/cn/lit/pdf/ZHCSMM3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSMM3C&partnum=OPA391
https://www.ti.com.cn/product/cn/opa391?qgpn=opa391
https://www.ti.com.cn/product/cn/opa2391?qgpn=opa2391

i3 TEXAS
INSTRUMENTS OPA391, OPA2391
www.ti.com.cn ZHCSMM3C - DECEMBER 2020 - REVISED DECEMBER 2022

1. AFTREN , IBEBOEN S X EMI SO0, i Lo B YR 5| B skt 51 B EE T8 47 HhkR IE S A0S 5

2. [FEAER AR ERCR S BN B A SRR AT R, JER I T T ULAL Y EMIRR PERE

3. FE[FEAMSE LN EMIRR e A 5] _E & 5 # 5, ROATE PCB AT DARE 25 [FIAHG N 51 . 3 b 2
SIS 5 ] DAL I B AR NS | A S 5 HAb o sE R PCB gk 2 18] kA2 2 24 A0 ELAE
.

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 FE YR 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 ém e 1 B

B,

OPAx391 ] EMIRR +IN 54 A )= KK 7-2 fin. OPAx391 BAAI 24 %6 N 1MHz. 1K T 240 % 1)

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)

& 7-2. EMIRR JU3&

#+ 7-1. OPAX391 ZEM 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
7.4 BAEDRRAE R

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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8 L AL

#IE

PR RLFTR 43 o 145 AR T T1 38R Ya L, T AR ILAERR A e . TI % N5 S
SR IE T IS . 2P BRI , AR R TIRE .

8.1 MAfER

OPAX391 2 M fiy 1 35 2 1 IS B SO B8 | A2 I A AR AL [ s . OPAX391 415 52 2 1y B B i N
AT T AL, S0V PR R 2 P B0 R o I R B L I 7 A R A 28 T 4t v LB N (LA
FB] L H Y50 PP 7 100m VI L% N 3 7T RS2 A B Y LR S R ) . OPAXB91 kg BTk S8BT T-ME 489 25 2 1
R R OR . AR AR R 5 B DA S A ThE 43 7 X MOSFET S XU K5 4% .

8.2 LRI

8.2.1 =it CO K iffbmkss

8-1 &R T — 5 =ik E CO &R IC &8 F 1 A S i DU AENE A A FRL S o X T RIFEIE T 2 HoAth 2
TR = ot SAAL R A B AL 2 b o SEAAL R3S HA = AN - SN B AR R (WE). iHEEs Htlk (CE) fFis%
il (RE). HLULAE CE il WE Z[aish , HA/NSE M EIKRE R IEL . RE I AEZ% A B s T 95w
BAARG , BauE iR CE EmEY WE Al RE {RFF/EA AR H . 8Tt U1 TR E AL S | Rk
RBHEE2H RE SIHICRFFEHH VRer WWERIHHE . HTHARSBI KBS , R o REFEM. C1 Al R2 JERUEHR
PEACAR 7 28 5 B Ui (A £ . U2 RS REBORES (TIA) , LB P22 B4R R8s IR i 4o 5 2 i IE LU B AL S &
JTRESUA A RE s srpsmmas et w2 i -

Vria = (=1 * Rg) + Vrer (1

Rioad #& P IE W AL RS HIE R R E (EH OV 10Q ) B lE:. WE B3 mtine Vegr #4730 E

R

MW
L il
I

_E_X\ T R
e
Vrer 7 opaxaer

Rioap

AN -
Vrer +
OPAx391

& 8-1. = CO Siffk ks

Vour
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8.2.1.1 &1 ER

EHRFIH ) B 8-2 Fon T —A CO LIS () AR | i T BAR R Ss M ft . 2T LB EXN REE A
69nA/ppm [ CO fL RS AR . HL YR L AR B 4 2% (ADC) e KA FEL RN 2.5V, Fc Kk N 300ppm.

l CO Sensor |
| Model |
Vee
| cel | 10kQ
. AV
| |
: 260 mF —— 300 Q :
| | 10 yF
| |
: : [
20 10 kQ 25V
' REL AW
|
l 20 : VRer + OPAx391
| |
| 130 mF 300 Q |
| |
| |
: Isens 0-20uA : 110 kQ
| wel 100 r\é\/S\/V—‘
| I NN .
L . Vrer —15-1 OPAX391

K 8-2. CO R H R H K

8.2.1.2 JE L FE

V1ia

B, #E Vrer BB, ZHIERER K ERESHPRZ AT ENER | 2 CE T LIS /NMERIRA
RUNBEE IR ( FERESHR ) 3N, CE i Fill W A RE AN M . W T1Z4 @ FAE Eas | el &k o
W~ 300ppm B CE A1 RE Z 8] 2{E A 180mV. AT RVFE 10k Q HEHES B f CE 3 N REAERE |

ﬁﬂ‘]y‘j VREF 1@3‘%7 300mV.

Vzero = Vrer =300 mV

Hr

* VRer A&FEAMEHTE (300mV),
* Vzero ZWEZHE (300mV).

BN R, BATHE B W H R T B R AL B R
Isensmax = lpErPPM * PPMMAX = 69nA * 300ppm = 20.7pA

/\qj

*  Isensmax 7 i R T & Eds HLI o

* lperppm 2 Bl F T8 2 B9 5E ppm AE B HLI ( LAZERE N BT )
* ppmMAX ST 7 5K ppm 524,

o

)

@)
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SRJE SRR KT I FH AL A H I 0 R Y A SR e

VSWING = VOUTMAX - VZERO =25V -03Vv=22V

Hr

* VswinG ST H % R AR
* VouTmax A& TROK &% i K Hr H FE I o

BeJe, A B OR SRR A R AR iR F R TS ES P FELBE 2% (Re) BEAE

(4)

RE = Vswing / Isensmax = 2.2 V /1 20.7 pA = 106.28 kQ (use 110 kQ for a common value) (5)
8.2.1.3 [/H
— VTia
— Vce
25V — lsens
=
R
>
2 s
£ 5
S 03V <
=
5
4 20 pA I— 3

Time (10 ms/div)

R 8-3. fL AT AL 300ppm —SEALBR TR FE 1 BRAS e B2
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8.2.2 4-20mA F &%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

11.3kQ

8.2.2.1 Wi 4k

4.096 V

14.3 kQ

OPA391

O louts

60.4 Q

200

& 8-4. 4-20mA RO R EK]

Voltage ( 1 V/div)

— Vbac
— lout

N N N R NS B RN

Time (1 ms/div)

& 8-5. 4-20mA FF B 1 B

48
44
40
36
32
28
24
20
16
12

Current ( 1 mA/div)

0 lour-
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8.3 FYRAHREIN

OPAx391 Z&F % e TAE R VERE 1.7V 2 5.5V ( £0.85V £ +2.75V ) .

8.4 fi)F

8.41 fifR¥5Fe

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
8.4.2 fii Rl

Rin
Vi VN +
Rs —— Vour
aVAAY, -
J7 GND Re
NV
& 8-6. JRHEIRR
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.

& 8-7. i Al
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9 SRR SCRS L Fr
9.1 B HF
9.1.1 AR H

9.1.1.1 PSpice® for Ti

PSpice® for Tl & 1] #5 Bl Al i 500 A P BE B0 W AN IR IR . FEHEAT AR R A i 2 BT B T R G oh AR B g e
HE, WTRRARTT R A 46 56 T 1a]
9.1.1.2 TINA-TI™ (FEH/E (%7 T# )

TINA-TI™ (FE A= — K A 5 . Thigsmok HIE T SPICE 514 () g AR ¥ . TINA-TI 45 B #A & TINA™
WA — 2R B R ThRE A | T — RV JERE RSN | R BAEIE TSN T — DA E . TINA-TI 45
BEIAE LT A AL S5 SPICE Bt WS A 4 | DA HAth 33 T Rg .

TINA-TI f B3R A2 M 5 A EERE ), TR P L2 Moy GRS 4R, FH A v B THEF BT 5 2% R
o REIUX SR ALIE B N AR BB T A R DL IRTE RS S, A — A s SR PuE R 3 T A

i

DA HE TINA BAFEE TINA-TI B4 )5 A fefd X 26 0. 15 M TINA-TI™ B4 SoF e p R 38 5 27 11
TINA-TI 5 5 AF .

9.2 XIS FF
9.2.1 MY

THZ LN ARSI

TN (TV) , KA HART a7 1 75 19 R b EH o 1 70 4-20mA Bl g 3% 3% 22 Bt
TEINAXES (TN) , BUZIFEHBAL = TIRIE RGO 7% 525 it

TEINACES (T1) , B 20 2B B A s SRR

TEMALES (TI) , /] pH BT i N R

9.3 FWOCRS EHTE A

SRRSO ERNE R | 75 P ti.com EMIEE M. w2760 ZH #ATIEN , RV AT ARG f B
B E . ARELNHEMGER | HEEEM OB SO RSB iR,

9.4 L FHEIR

TIE2E™ SCHRFRIZR TR E RS H TR, W HE MWL ZEREPGE . G Sk (i g Mt 4 8. R F
et th B O T 3R AT P 7 A DR e B

BRI AR BB DTG IR SRt XIS EIF AR TI EARRE , IF HA - &k T A EZS
THI (R0

9.5 Bt

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

5 71'® is a registered trademark of Bluetooth SIG, Inc.

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

FTA B bR N 355 B BT & B .
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9.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘EE‘ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may

be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

9.7 RigE
TI RiBH KARERINL IR T ARE. TR FE 3
10 HLIk. HEMTITEER

PN ORI ES AU, BRI E B . X E B R e s T soi s . B iR, A SNTER
HASX SO HATIEIT o A R BL BRI ST ds A, 15 20 0 2 O ) A
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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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MECHANICAL DATA

DCK (R-PDSO—G5)

PLASTIC SMALL—OUTLINE PACKAGE

15
' 1,85 >
5 4 |
H H f
| 4
| [ 140
11
Pin 1 7
Index Area

Gauge Plane
Seating Plane

v -
(N Inini I S
0,80 \ I
L ;ﬁ Seating Plane = =
0.10
0,00
4093553-3/G  01/2007
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. Falls within JEDEC MO-203 variation AA.
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LAND PATTERN DATA

DCK (R—PDSO—G5)

PLASTIC SMALL OUTLINE

Example Board Layout

T
B“\D

‘kZXO 65

/

RN
/ NN

/S})\der Mask Opening

I P/Z]d Geometry

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

6><O,55»‘ =

Hi-B-
He0- -

‘k 2x0,65

~— 2x1,30 —

\ |
\ ﬁ 0,05 /
\ 0,50/
v
~
4210356-2/C 07/
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC=7351 is recommended for alternate designs.

metal load solder paste.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

Customers should
Example stencil design based on a 50% volumetric

Refer to IPC-7525 for other stencil recommendations.

i3 TEXAS
INSTRUMENTS

www.ti.com



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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XEFRNELE , BF5TEH, TI REENTHXEFRATHARRRMRN TI ~ROEH, FENXERFRHTHAERRET.
ERREREMEM TI MRFRREFAE=ZF RN, EHLPREEREXLERFENERTN T RERARERWEMRE, HE. K
A, RENMBES , TI HWEBHF AR,
THREN=RZ T HHEERAD ticom EHAFRARRT FREHRHEMERZFRNAR. T REXEFRATLTERURMAERNER
THEX TIFREAAHERNERREREEFHA.
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