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(CRCP 1= FEE) (V+)-(V-)+0.2
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(1) HxHRKEKEZ ERIZARN 2D M o75E . 7 /3 A AKX BE R FAE T D R REMERHV ET, ZAUIAN AD ERE D IOV TRL
THY, ZOF —H L — O THERBESM: | N\ ORSNT B A B 2 DRI CABL G AN TE§ICEHET D2 LA BRI H O TIEHV EH A, Hixt
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(2) ZIUR~OEE A Ror—UNEn 1 T,

6.2 ESD E4&
{8 L7172
AfEF 1 (HBM), ANSI/ESDA/JEDEC JS-001 #fiL (1) +3000
T NAAEBET IV - HefL @) +1000
Vieso) AN F A ZHEBET /L (CDM), JEDEC {4k JESD22-C101 ¥l v
FRA A EET L (CDM), JEDEC f1:kk JESD22-C101 #Efil 2, OPA4191IPW /< +500
T DI -

(1) JEDEC O = AL b JEP155 (21, 500V HBM ThiLiZ i HEf7: ESD & 87 mt A T4 A7 G N TTHE Ch A LTRRS LTV ET,
(2) JEDEC ®F*= b JEP157 (21d, 250V CDM ChiuFE#g7: ESD Ml nt A CRARBIEN AT HE Ch D LTSN TVhET,

6.3 #HREMIEFRMH
B R COENMEIR EEFTHP (FFICRRR D72 RD)
H/IME N >N EAfir
BB, Vs = (V+) - (V-) 4.5 (+2.25) 36 (+18) v
FEAR IR EE R -40 125 °C
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6.4 Z4|BIT 5153 : OPA191

OPA191

BT Ry (1) D (SOIC) DGK (VSSOP) DBV (SOT) BT

s 5

Resa BEE B8 P ~DO B HT 115.8 180.4 158.8 °CIW
Reuctop) GG —2 (R) ~O#EEHT 60.1 67.9 60.7 °C/W
Ress BEOT D B~ DB BT 56.4 102.1 44.8 °CIW
Wyt RS T ~D B 5 A— 4 12.8 10.4 1.6 °C/W
WiB B D I A~ DB T A— 4 55.9 100.3 4.2 °CIW
ReJc(bot) PO —A (R ) ~OEEHT N/A N/A N/A °CIW

(1) TEREFROBGMEEDTEMIZ SOV TE, 77V —val LR — M HEE B I WIC A~y — P OBGHIEEHE], SPRAYS3 22 L T
TEEN,

6.5 Z4(CBE 3 5 15#R : OPA2191

OPA2191
AT R (1) D (SOIC) DGK (VSSOP) BAfT
8B’
Raua B DA T ~DOFE T 107.9 158 °CIW
Reuc(top) BEHNGr—A (BH) ~O#EEHT 53.9 48.6 °C/W
ReJs PO DB FER A~ D BT 48.9 78.7 °CIW
Wyt AT D B ~OBRE T A—4 6.6 3.9 °C/W
Wi BEATRD D IR A~ DENFEE T A—H 48.3 77.3 °CIW
RaJcot) A HMNSr—A (T ~OEEHL N/A N/A °C/W

(1) TEREFHOBGHIEEDFEMIZ SOV TE, 77V —val LR — MBS LWIC oy — P OBGHIE ], SPRA9S3 2 L TS
TEE,

6.6 Z4(CBE T 5154 : OPA4191

OPA4191
BT e (1) D (SOIC) PW (TSSOP) RUM (QFN) BAfF
14 v 16 2
Reua A 2 B JA B ~ DO BT 86.4 108.1 33.0 °CIW
Reuc(top) AN G T —A (LHE) ~OEEHT 46.3 26.3 251 °C/W
Rous HeR AR~ OB 41.0 54.4 11.6 °C/W
Wit PG00 LRI~ DB T A—5 11.3 1.4 0.2 °CIW
Wis BEREO IR A~D BT A— 5 40.7 53.3 1.5 °C/W
ReJyc(pot) EE D —A (T i) ~DOBEHT N/A N/A 2.6 °CIW
(1) TEREFHOBEHIEEDOFEMIZ OV X, TV —var - LAR— N EEEB LW IC Sy — P OBGH L], SPRA9S3 &% iiL T<
&,
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6.7 BT : Vs = +4V~118V (Vg = 8V~36V)

TA =25°C, VCM = VOUT = Vs/z\ RL =10kQ % Vs/2 [t %rffﬁ (%ngaj’i:@ffl/\ﬁﬁl(@)

RGA—H T ANt B/ ME TEHEfE BOAME|  BAL
F7eyMERE
+5 +25
Vg = 18V Ta = 0°C~85°C +8 +75
Tp = -40°C~+125°C +10 +125
(V+) - 3.0V < Vg < (V+) - 1.5V R FERREE 2 58
+10 +50
Vos AIA 7 ey NEE Vg = 18V, " - Hv
Vor = (V4) - 15V Ta = 0°C~85°C +25 +150
Ta = -40°C~+125°C +50 +250
5 +50
OPA4191 (RUM, PW), Vg = +18V e are
VCM = (V4) - 1.5V Ta=0°C~85°C +10 +475
TA = -40°C~+125°C +20 +740
Vs = #18V, D 3550 PW /5y — | Ta = 0°C~85°C 0.1 08
DI Ta = -40°C~+125°C +0.15 +1.2
dVos/dT | AJ14 72y MEIERY 7R Vg = 18V, RUM, DGK, DBV /< Ta=0°C~85°C +0.1 +0.9| pVv/°C
s T = -40°C~+125°C +0.15 +1.3
Vg = 18V, Vg = (V+) - 1.5V Ta = -40°C~+125°C +0.5
PSRR BREELBIREL Ta = -40°C~+125°C +0.3 10| pvwv
ATIRAT A B
+5 20|  pA
Ig AT AT A
Ta = -40°C~+125°C +9 nA
+2 +20| pA
los ANNF 7'y NER
Ta = -40°C~+125°C *2 nA
JAX
‘ (V=) - 0.1V < Vg < (V+) - 3V f=0.1Hz~10Hz 14
En ATJEIE /AR WVpp
(V4)- 1.5V <Vgy < (V+) + 0.1V |f=0.1Hz~10Hz 7
(V=) - 0.1V < Vg < (V+) - 3V = 100z 18
~)-0.1V < < (V+) -
‘ M f= 1kHz 15
en ANBIE AR g nV~Hz
(V+) - 1.5V < Vg < (V+) + 0.1V = 100Hz >
+)-1. < < +)+ 0.
o f= 1kHz 24
in AN/ AREE f=1kHz 15 fANHZ
AJIEE
Vem IF e L R (V-)-0.1 (V+) +0.1 v
Vg = 18V,
(V=) - 0.1V < Vgy < (V+) -3V 120 140
Vg = 18V,
Ta = -40°C~+125°C 14 126
CMRR  |[fnfs Skt (V) < Vom < (V¥) - 3V dB
Vg = 18V, 9% 120
(V+)- 1.5V < Veu < (V+) Ta = -40°C~+125°C 86 100
(V+) -3V < Vgy < (V4) - 1.5V TR 2 B TR
AHL =R
Zp SEH) 100 ]| 1.6 MQ || pF
1013Q
Zc ELe 1]16.4 oF I
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6.7 ETHEM : Vg = 4V~218V (Vg = 8V~36V) (continued)
TA =25°C, VCM = VOUT = Vs/z\ RL =10kQ % Vs/2 &Cﬁ%%ﬁ (##LC%EJ&W)%@I/\BED)

PRGA—H T AN B/ME b BAME| Bz
A —F A
Vg = 18V,
(V=) + 0.6V < Vg < (V+) - 0.6V, 124 134
R. = 2kQ
Vg = 18V,
(V=) + 0.8V < Vg < (V+) - 0.8V, 124 134
RL = 2kQ. RUM /o4 —
Vg = 18V,
(V=) + 0.6V < Vg < (V+) - 0.6V, Ta = -40°C~+125°C 114 126
) RL = 2kQ
AoL B — T BES A 4B
Vg = 18V,
(V=) + 0.8V < Vg < (V+) - 0.8V, Ta = -40°C~+125°C 114 126
RL = 2kQ. RUM /8o 47—
Vg = 18V,
(V=) + 0.3V < Vg < (V+) - 0.3V, 126 140
RL = 10kQ
Vg = 18V,
(V=) + 0.3V < Vg < (V+) - 0.3V, Ta = -40°C~+125°C 120 134
RL = 10kQ
Pk e G
GBW =T AR 25 MHz
A2 ) 75
SR ZJL—L—h Vg =18V, G =1, 10V A7 v~ Vs
SH ASY 5.5
Vg=+18V,.G =1, 2V 277 0.7
0.01% FC. C_ = 20pF
) Vg=+18V, G =15V 277 1
ts BRI T HA L us
Vg =18V, G =1, 2V 277 1.8
0.001% ¥T, C, = 20pF
Vg=+18V,G=1,5V 277 37
o BEBHHAL—LET 0.4
tor B Vin % G = Vs T Ks
WEMNBIEL—/VET 1
THD+N /Jt:l%g)ﬁfﬁﬁ—:: + /’fx G= 1. f= 1kHz, VO = 3'5VRMS 0.0012%
OPA2191 #1108 OPA4191, DC 150 dB
JUAN—T
OPA2191 #1108 OPA4191. f = 100kHz 130 dB
H
e 5 15
FL—L RL = 10kQ 50 110
L — Vx5 ) RL = 2kQ 200 500
Vo e mV
AT R 5 15
L —L RL = 10kQ 50 110
RL = 2kQ 200 500
Isc FEAE AT Vg = 18V +65 mA
CL HEMATRTAT MR 2 2 W
Z iﬁ;”” B E =S 6 2 AMHz, 16 = 0A. (R HORHE | A2 700 Q
ER
140 200
la TLTZEOMEER  [lo=0A WA
Ta = -40°C~+125°C 250
REE
R 180 °C
AT A 30 °C
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6.8 EXAVEE : Vs = £2.25V~14V (Vg = 4.5V~8V)
Ta = +25°C., Vom = Vour = Vs/2. Ry = 10kQ % Vg/2 128 (FriZFLi D722 BRY)

A= \ FANEHE | RME mEE RAE| R4
7wy NEE
5 +25
Vg = +2.25V, o —are
Von = (V4) -3V Ta = 0°C~85°C +8 +75
Tp = -40°C~+125°C +10 +125
(V+) - 3.0V < Vgy < (V+) - 1.5V R 2 W
+10 +50
Vos ANhA7 vy NEIE Ve = +3V uv
s =13V, = °C ~QE°
Von = (V4) - 1.5V Ta = 0°C~85°C +25 +150
Ta = -40°C~+125°C +50 +250
+10 +50
OPA4191 (RUM, PW), Vg = 3V, PR
Vou = (V4) - 1.5V Ta = -40°C~+85°C +90 +475
Tp = -40°C~+125°C +150 +740
Vg = #2.25V, Vg = (V+) - 3V, Ta=0°C~85°C £0.1 +0.8| pVv/°C
D BLUPW o lr—2 D Ta = -40°C~+125°C +0.15 +1.2| uv/iC
dVos/dT | ADA 7y NEERIZE Vg = £2.25V, Vg = (V+) - 3V, Ta =0°C~85°C +0.1 +0.9
RUM, DGK, DBV /37 —Y D% |1, = _40°C~+125°C +0.15 +1.3| pvrc
Vg = 4225V, Voy = (V+) - 1.5V |Ta = -40°C~+125°C +0.5
PSRR EIREEEBREL Ta = -40°C~+125°C, Vg = Vg/2 - 0.75V +1 pvIv
ANALT A B
+5 20| pA
I AT A&
Tp = -40°C~+125°C 9 nA
+2 +20| pA
los ASA 78y NERR
Ta = -40°C~+125°C 2|  nA
JAR
) (V=) - 0.1V < Vg < (V+) - 3V f=0.1Hz~10Hz 1.4
En AFTEIE /AR WVep
(V+) - 1.5V < Vgy < (V+) + 0.1V |f=0.1Hz~10Hz 7
(Vo) - 04V < Vg < (V) - 3V f=100Hz 18
—)-0.1V < < (V+) -
‘ o f= 1kHz 15
en ANEBIE /AR5 g nViHz
(V+) - 1.5V < Vg < (V+) + 0.1V = 100Hz 53
+)-1.5V < < (V+)+0.
oM f= 1kHz 24
in AN /A R f=1kHz 15 fANFZ
AFIEBIE
Vew 71 2B FE DR (V-)-0.1 (V+) + 0.1 v
Vg = £2.25V,
(V=)- 0.1V < Vgy < (V+) - 3V % 1o
O U ey -3y Tp = -40°C~+125°C 90 104
CMRR [FIARIE B hR b cm dB
Vg = 42,25V, 9% 120
(V+) - 1.5V < Vg < (V+) Ta = -40°C~+125°C 84 100
(V+) - 3V < Vg < (V+) - 1.5V TR & 5 1R
AN Ao —F R
Zp 1) 100 | 1.6 MQ || pF
] 1013Q ||
Zic A 1]16.4 oF
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6.8 ETIE : Vs = £2.25V~14V (Vg = 4.5V~8V) (continued)
TA = +25°C, VCM = VOUT = Vs/z\ RL =10kQ % Vs/2 ﬂl%ff}% (ﬁﬁl%ﬂﬂj@f;b ‘BEV))

IRTRA—H T AN e/ IME FRAEME RAME|  HAL
A —F A
Vg =+2.25V, 110 120
(V=) + 0.6V < Vg < (V+)- 0.6V, . .
) R = 2kQ Ta =-40°C~+125°C 100 114
AoL B — T BT A dB
Vg =+2.25V, 110 126
(V=) + 0.3V < Vg < (V+)- 0.3V, . .
RL= 10kQ TA=-40 C~+125°C 106 120
SRR
GBW =TT AR 2.2 MHz
o SEH AW 6.5
SR AJL—L—h Vg=42.25V, G=1,1V A7~ Vlius
6 B 5.5
AW HHEL—LVET 0.4
tor U R Vinx G =Vs — s
BAMHIEL—/LET 1
OPA2191 :5L1* OPA4191, DC 150 dB
JUAN—7 -
OPA2191 LT OPA4191, f = 100kHz 130 dB
7
AT 5 15
EL—v R = 10kQ 15 110
V“/Vﬁ’%@%’j—:mj,’x%\/ RL =2kQ 60 500
Vo N mV
7 AT 5 15
Al —/L RL = 10kQ 15 110
RL = 2kQ 60 500
Isc S AR Vg = +2.25V +30 mA
CL REMARRTAT IREAFFE 12 S IR
Zo BN —FH A —F & |f=1MHz, Ig = 0A, [{RFFEME 25 ] 700 Q
EIR
” 140 200
lo TT OB lo = 0A pA
Ta =-40°C~+125°C 250
A
PR 180 °C
BT R 30 °C
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6.9 ARBIEE

Ta = 25°C. Vg = +18V, Voy = Vs/2. R = 10kQ % Vg/2 [2H2E. CL = 100pF (R Zik 720 RD)

£61.57—%8

L] =
F 72y NEEOR A5 4 6-1, [% 6-2, [¥ 6-3, [X] 6-4, [X] 6-5, [X] 6-6
F7 vy MEERIZ  O53AR 6-7. 1 6-8
F 7y MEELIRE LD ¥ 6-9, X 6-10
F 7y NEIE L FEF AL L O BIR 6-11. 4 6-12
F 7y NEELBIREELORR X 6-13
BV —T D57 A B I ONLAR L 8 e e O BILR % 6-14
PN —T D5 A B LONIFR L 8 e e DR 4 6-15
AT A7 ZE ik [FIAH L & O BfR [%] 6-16
ATIAAT ABREIE L OB ¥ 6-17
HWTBEA 7)) BETREDRIR (B RUHRRE D)) [ 6-18. [ 6-19
CMRR 33X T8 PSRR & 3k o B4R 6-20
CMRR &L DB ¥ 6-21
PSRR SR EE LD BIf%R 6-22
0.1Hz~10Hz ® /A X ¥ 6-23
ATVEBIE ) AR DAY WV BE L JE e B ORISR 6-24
THD+N Lb& 8 e o Btk [%] 6-25
THD+N & iR E L o Bft% 6-26
e 1 FE i & BB L O BIfR ¥ 6-27
W EEE KT IR 6-28
BN —T D5 A LR E LD BIR 4 6-29. [4 6-30
B —7 DH A —F L AL AR S E O BR % 6-31
IMEHA ==V a— R BIEAR LD (AT 7 100mV) [ 6-32, 4 6-33
WRIET P 5 6-34
WARADO[EE %] 6-35
IMEB AT T IS (100mV) % 6-36. X 6-37
KIEBEATYTIEE [ 6-38. 4] 6-39
R AVDY/RY FON % 6-40, [2] 6-41, [¥] 6-42, [X 6-43
A T L TRLEE L D BELR 6-44
BRI B A e ORL% X 6-45
BIGRBIED NS BNy 6-46
BWHERIED SIS TRy %] 6-47
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6.9 KRV (continued)
Ta = 25°C, Vg = #18V, Vo = Vg/2. R = 10kQ % Vg/2 [Z#2f6t. CL = 100pF (FFIZ B D72\ RY)
35 48
30 42
25 36
S & 30
w 20 °
2 S 24
3 15 s
£ £
10 12
5 6
0 . . I I 0 | | | |
25 -20 -15 -10 -5 0 5 10 15 20 25 50 40 -30 20 -10 O 10 20 30 40 50
Input Offset Voltage (1V) Input Offset Voltage (uV)
Ta=25°C Ta=125C
6-1. 7ty NEEDOE RS 6-2. &7ty NEEDOE ST
48 48
42 42
36 36
< 30 < 30
] @
D 24 2 24
g 2
£ 18 < 18
12 12
6 6
0 L L L L 0 L L | I I
50 40 -30 20 -10 O 10 20 30 40 50 50 40 -30 20 -10 O 10 20 30 40 50
Input Offset Voltage (uV) Input Offset Voltage (uV)
Ta =85°C Ta=0°C
6-3. A7ty FEEDOHRSH 6-4. A7ty FNBEOHEMSATH
48 48
42 42
36 36
® 30 ® 30
2 @
g 24 8 24
2 2
< 18 < 18
12 12
6 6
0 ! ! ! | 1 0 ! ! [ |
-75 60 -45 -30 -15 0 15 30 45 60 75 75 60 -45 -30 -15 0 15 30 45 60 75
Input Offset Voltage (nV) Input Offset Voltage (nV)
Ta=-25°C Tp =-40°C
6-5. X7ty NBEOHRSH 6-6. ¥ 7ty NBEDOHMASH
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6.9 KRV (continued)
Ta =25°C, Vg = 18V, Vo = Vg/2, R = 10kQ % Vg/2 [Z#25%8. CL = 100pF (FFIZFERD72URY)
40 40
30 — 30
g g [
4 4 —
2 20 — 2 20 —]
35 =
£ £
< <
10 — 10
o —b—r—r—r—r—rrr—+—++— -+ttt 0.....||. II
N v © © ¥ N O A T © ©o ~ o ) © < o o o = © ©
Offset Voltage Drift (uV/°C) Offset Voltage Drift (uV/°C)
Ta =-40°C~+125°C, SOIC /\v/r— Ta =0°C~85°C, SOIC /Sy /r—
Be67.4x7ty MEERYT bDSH He-8.F7ty FEERY T OB
125 125
—— Average + 38
100 — Average + 13 /
75 <~ 75
c b % 3 7
= 50 ° T ~ 7/
& | - — g 2 T 7
g 0 \\\/__————/ g T é -~
- — ko T — —
3 |l T 2 o
o) | o
§. -50 \\ \ é
c 1 £
= 75 N -75
-100
195 -125
75 50 -25 0 25 50 75 100 125 150 75 50 - 02 %0 75 100 125 150
Temperature (°C) Temperature (°C)
ek A 4 O e = b
6-9. 77ty MEELBE L DR 6-10. A7t v MRE &IRE & DB
25 250 ‘
200 T
< 15 — 1 1 |{ Transition i I SR
s \ 8 s 50
= Voy=-181V = 100
% 5 % 50 P-Channel \ |
§ AP - § 5 < Vg =-181V \;-E_Em
— — _— o] Baed
8 5 £ 50 If N-Channel | —
(@] O
5 5 -100 Vou =18V g
£ 5 = _150
—-200 v
_25 -250
-20 -15 -10 -5 0 5 10 15 13 14 15 16 17 18 19
Common Mode Voltage (V) Common Mode Voltage (V)
6-11. A7 &y FEELFIEEE & DREF 6-12. 7ty MEFE L RHEERE & DBER (BB HEE)
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6.9 KRV (continued)
Ta=25°C. Vg = +18V. Voy = Vg/2. R = 10kQ % Vg/2 (285265, CL = 100pF (FHZ ik 72\ RD)
25 160 | | 180
20 N
140 i Open-loop Gain 135
S;L 15 120 I Phase
= 100 90
S N N
s o 80 )
2 g 60 \\ \ ® E
—— c (0]
? © \\ \ 0 =
= G 40 =
e ™N
‘g 20 \\ -45
: ’ i}
-20 20 A{ -90
25 —40 -135
0 +5 +10 +15 +20 0.1 1.0 10.0 100.0 1k 10k 100k 1M 10M 100M
Power Supply Voltage (V) Frequency (Hz)
30 fHORER 722 =
6-13. 77ty FERE L EFREE L DR 6-14. BN —7 DT A B L UGIHEE
Rk & DR
60 1000
—G=-1 800
— G =+1 __ 600
40 ——G=-10 f& 400
c
— —G=-100 © 200
o £
S A S o
8 \\ i ~200
N 3-400
0 £
\ -600
NS o
-20 -1000
100 1k 10k 100k M 10M 100M -20 -15 -10 -5 0 5 10 15 20
Frequency (Hz) Common Mode Voltage (V)
6-15. BV —T D51 » L REE & DB 6-16. AWNA 7 AERE
FH#HEEE L DR
10 20 ‘
J i
8 ] 16
< 1
£7 i =
< 7 s 14
g 6 it g 12
=] I i
z 5 /:I" g 10
o 4 g s
é_ 3 ;5’ 3 &
<, — —40°C
1 J 4| — 25c
v 85°C
0 L —1 2| — 2sc
0
-75 -50 -25 0 25 50 75 100 125 150 0 20 40 60 80 100
Temperature (°C) Output Current (mA)
V=
6-17. A4 7 R EF & RE L DRR 6-18. HHBERA U/ &
HAOERKE DR
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6.9 KRV (continued)
Ta =25°C, Vg = 218V, Vom = Vs/2, R = 10kQ % Vg/2 (Z8E#E. CL = 100pF (FRIZEER DR RD)
0
 oC 140
A2 2 120
a4 85°C o N
— 125°C =
s 6 < 100 \
< c
e 8 g e \
= Qo N
g -0 < 60 \
3 12 3 N
3 = \
O -14 - 40 [ ——CMRR N
o
6 E +PSRR \ A
5 N
-18 o 0 ——-PSRR
-20
0 20 20 pos o 700 01 1.0 100 1000 1k 10k 100k 1M  10M
Output Current (mA) Frequency (Hz)
P
6-19. HWAEERA V5 & ] 6-20. CMRR 5 KT PSRR & &ik#k & DB
HAETREDOBR
1 T T T T T T 5
S 8 | Ve=1225V, (V-) SVgus(V4)-3V 24
? 6 S S 23
g 4 - g 2
p r= I o
g 2 S 1
o - - -
2 0 - 20 -
2 X g
g ? Vg=+18V, (V) € Vgys (V) -3V =
= -4 g -2
c )
S 6 2 -3
§ -8 o -4
-10 -5
75 50 -25 0 25 50 75 100 125 150 75 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
6-21. CMRR &iBE & DBSfR 6-22. PSRR &BE L DR
‘ 100
| | | | | | | | | N
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T
‘ Z
=
2
3 Z
= I
< 3
g 5
8 \
(]
=z
S 10
1 10 100 1k 10k 100k 1M 10M
Time (1 s/div) Frequency (Hz)
6-23. 0.1Hz~10Hz D/ 1 X 6-24. ANBE/ 4 XDARY MIVEEE & Rl & DRER
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6.9 X =451 (continued)
Ta =25°C, Vg = 218V, Vom = Vs/2, R = 10kQ % Vg/2 (Z8E#E. CL = 100pF (FRIZEER DR RD)
1 40 05
< — ——G=-1,2k-Q Load S = — G=-1VN,R.=2kQ G=1VN,RL=2kQ
< — — = G=-1, 10k-Q Load g & — G=-1V/N,R.=10kQ — G=1V/V,R_=10kQ
3 01 G = +1, 2k-Q Load 60 T 3
s : G = +1, 10k-Q Load —_< 8 ° 0.1
+ L= == g + ;
S 0.01 Z 1] _— 80 = 5 - ;
s i g 5 N SEAaS /
1%} = =3 - 1 T
a Z 7] 1] @ - -
o  0.001 == 100 & 5 001 == "
5 L~ py = =]
£ z g I'
£ 0.0001 120 & 8 3
—_ (o]
o] . — ’
° & £ 0.001 N - )
0.00001 -140 = =
20 200 2k 20k 0.0005
Frequency (Hz) 0.01 0.1 1 10 20
Output Amplitude (Vgums)
6-25. THD+N RS ORI 6-26. THD+N & iHihiRiE & DBk
200 ‘I i i i i i i 200 ‘ ‘
180 ‘I‘ﬁ Vg=4225V — Vg=+18V 180 i i
160 160 Vs=218V ]
&; 140 g 140 e ]
2 = Vg =225V
@ 120 ’ e 120
= >
3 100 ’ g 100
= g 80
: I
£ 60 ’ 3 ®
(€)
40 40
20 ’ 20
o 0
o 2 4 & 8 10 12 14 16 18 20 75 -50 -25 0 25 500 75 100 125 150
Supply Voltage (V) Temperature (°C)
6-27. B ER L EBREFE L DMK 6-28. LB LB & DR
5.0 5.0
4.0 4.0
3.0 3.0 >
4
2.0 2.0 Vg=+225V e’
— 10 Vg=42.25V o ~ 10 |
g - L *— ] g ! F— —— e R e
= 00 = 7‘- = 00 A
<-1.0 Ve= +18V < -1.0 Vg=#+18V
2.0 2.0
-3.0 -3.0
4.0 —4.0
-5.0 -5.0
75 50 25 0 25 50 75 100 125 150 75 50 25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
R, = 10kQ R, = 2kQ
6-29. N —T D51 v LEE L DR 6-30. FIL—F D5 A > LBELDBR
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6.9 KRV (continued)

Tp = 25°C. Vg = +18V. Voy = Vs/2. R = 10kQ % Vg/2 [2H26E. CL = 100pF (HHZZik 720 RD)

100k 60
— RISO-0
—
§ 50 | ——RISO=25
\ —RISO =50
10k ? 40
~ //\-_"
~ B RS i
<} 230
9 e _——
N C|>)
1k ™ S 20 —
10
0
100 10 100 1000

100m 1 10 100 1k

Frequency (Hz)

6-31. I —TDHhA Y E-F R E

10k 100k 1M

%

G=1.100mV OH I AT T
2 6-32. IMEBA—N—>a— FEBEMAREDBER

Capacitive Load (pF)

T

Bide# & D% (HART v 7 100mV)
20 P
—_RISO-0 Output
—RISO =25
——RISO =50 .
S =
& / 2
= >
3 / ©
£ 10 e
2 g
© 3
>
/\
0
10 100 1000
Capacitive Load (pF) Time (50 ps/div)
G =-1.100mV OHIAT 7
6-33. IMEBA—/X—>a— k& 6-34. IR L
BREAR EORR
I >
2 S}
?_; —— Negative overload | o E
8 | — Positive overload |~ o
3 «

Time (us)
Vg =18V, G =-10V/V

6-35. BAF NS DEE

6-36. IMEBRT v Th&

Time (2.5 ps/div)

G=1.C_=10pF
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6.9 £t

FKAYE1E (continued)

Ta = 25°C, Vg = 18V, Voy = Ve/2, R = 10kQ % Vg/2 12565, CL = 100pF (KElosikor72\ fRv)

20 mV/div

Time (2.5 ps/div)

G=-1,.R_ = 1kQ. C_ = 10pF
6-37. IMEBR T v TI5&

2 V/div
—
.y

Time (2.5 ps/div)

G=1.C_=10pF
6-38. KIEBRXT v &

2 V/div
/
—\\\\

Time (2.5 ps/div)

G =-1,R_ = 1kQ. C_ = 10pF
6-39. XIES AT v TI5&

' = (0.01% settling = £200 puV
S [ - - - - L - - - - L - - - - L - - - - L - - - -
5 . .
1 N [ o A
ES .
o
(=)
9"_, ' '
[0} L A T Sy
o
S " " " " "
=N v
o
= . .

Time (500 ns/div)
FAr =12V A7y 7 S2h N, t = 0us TRAT Y7 2HIAN
6-40.0.01% ETODE MY VS - 41 4

Output Voltage (200 pV/div)

,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Time (500 ns/div)

FAY =1, 2V ATy B FRY, t = 0us TAT > 7 ZHIN

6-41.0.01% ETOE MUY - 9L A

== (0.01% settling = £500 pV

,,,,,,,,,

Output Voltage (200 pV/div)

Time (500 ns/div)
FAr =15V AT 7SI ERY, t = 0us TAT Y7 2HIN
6-42.0.01% £ TOE U Y - 914 A

Copyright

© 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: OPA7191 OPA2191 OPA4191

19


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/opa191?qgpn=opa191
https://www.ti.com/product/ja-jp/opa2191?qgpn=opa2191
https://www.ti.com/product/ja-jp/opa4191?qgpn=opa4191
https://www.tij.co.jp/jp/lit/pdf/JAJSHP2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHP2D&partnum=OPA191
https://www.ti.com/product/ja-jp/opa191?qgpn=opa191
https://www.ti.com/product/ja-jp/opa2191?qgpn=opa2191
https://www.ti.com/product/ja-jp/opa4191?qgpn=opa4191

13 TEXAS

OPA191, OPA2191, OPA4191 INSTRUMENTS
JAJSHP2D — DECEMBER 2015 — REVISED AUGUST 2021 www.tij.co.jp
6.9 KRV (continued)
Ta=25°C. Vg = +18V. Voy = Vg/2. R = 10kQ % Vg/2 (285265, CL = 100pF (FHZ ik 72\ RD)
100
> :éf 80 lsc, Source
) E R
> = \\\\
S 2 4 e S
[ 5 lsc, Sink
o o
= 5
> ey
=3 @ 20
(@]
0
-75 -50 -25 0 25 50 75 100 125 150
Time (500 ns/div) Temperature (°C)
TAv =15V ATy SIB T, t = 0us TARAT 7 %FIN
6-43.0.01% ETOE IV - H1 4 6-44. IR BT L RE &£ DBIR
35
Maximum output voltage without ! ! !
30 slew-rate induced distortion. o
_ Vo= 415V \ g =/ Overdrive = 100 mV
=25 g s //
° 2 toy = 26 s /
g 20 % :pLH N /
> 15 2 N
3 \ ; Vour Voltage
310 [— Vs=x4V \ s
5 | AN °
Vg =225V N
0 ;
100 1k 10k 100k 1M 10M Time (10 ps/div)
Frequency (Hz)
6-45. RAHNEE & BR¥ & OBF 6-46. ICHLEEDI L LAY Ty o
=
o
S
=4
g < »
*;5 ton = 26 ps \\ X Vour Voltage
=3 N
>
1 7
Overdrive = 100 mV
Time (10 ps/div)
6-47. (GIGEEDIBLTHY Ty &
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785 A —% BEHR
T1ANF*7€y FEEFRYZ H

OPAX191 A X7 7+ 773IVE, THXH R AL RV IV AT D e-trim F_T 7 T 7 /ual—af AL ThRESHLTWD
T, 2O e-trim AT T T U /a —E, Van— T —T TR KT AN N T NA R 8T A= R R
FTAETHRV R A AV NVAYMBDOFIETT, KT T DANITAT7 vy NEIEEATIA T B MEERY 7 MG
TEESNDTD | ANA T vy NEIEEATIA T2y MEERY T MIBE 5325 i/ NRICH 2 D2 2:75%%&# AT
T 7y NEERV 7 Nl T 58, KT SAADRHEY (FIERY) RUZREZENErIciifEsnET, X 7-1 12, 2o
AERLET,

— Vs before trim
—— Vpg after trim
\ Linear component of drift
N —— Linear component of drift
[} \ P
j=)
8
g N
3 ~
5 N
—
E <
Q.
£
\

Temperature
B71. RU7 FMAZORIERDANA T LY b

A A7 FEERYZ FERE T H— RN ITIEIT Ry 7 AETY Ry 7 ZETIE A7 vy MEELIRE L0 BfR
DR EE T I THA ZOFDOAZHE>TRI 7 M RD 5T &Tﬂijtﬂjjﬁ7t‘y}\-l\‘ﬂ7}\%iﬁmbi¢o ZD
FE DR FAFRDAELAS )\7‘32“7Jz~yl\fﬁfl\ V7MY LET, M 7-2 12, Ry R EOEERLET, A1 7'y
R RUZERRYZ MO Lo THEESND GG ARy 7 AT ﬁ?ﬁfﬁ‘ 72720, OPA191 7 70iE7 x4
7\ AL ARSI D e-trim AT T T yaY — R U TR DA T4 7 By MEIERY 7 MR EL T
D FRAAEFRNT 2 FIRECATY BTl Ry 7 REIFRICA AR AIESVOFRTIEHV EE A, [ 7-2 12, D7D R Y7
AEZEPG DY 30 [HOMRERZ2 OPAX191 2R LT, MOBEFUL, AR (x #li7m) & ZORCIRE
HiPH COBRAATIA 7By NEEDOHAER (y #iT 1) IZEs TRELET, Ry 7R EEHHT 5L, 0.9uVICO AT 1A~
By MEERVTZ IR TFRISHET, M 7-2 IR T IO, EBEO AN A7 vy MEELIRELOBHMRO MO ABLUL, Ay
JAETTRENDEIOBIT DT NSVE T, T/?Nf L KR ATA 7 By MEERYZ MO L CAEBLHI 22 2
T D720 REMT AT LA I HEESh EE A,
Offset Voltage vs Temperature
100

75
50 /
25 A
0%\\\5 A
= =1
e
/

25 =T

Offset Voltage (uV)

-50

-75

-100
-50 -25 0 25 50 75 100 125 150
Temperature (°C)

B 7-2. Ky o Rik
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Ry 7 ZEORDVIZ AN AT By RVT i3 5720 ORI 515, J\jwf?ﬁ/b 7B E LR h & oD BEAR
D MROARA T HETT. THUE. AF 7y MEEE LIREE L O BMRD HIICIE ~ 724 SO AN AT b Y
T HZELRIL T, K 7-3 12, OPAX191 77U DOfERARLE T,

1.2
© 09 =
~ — K
\>% 0.6 I ] — +30
&=
5 03 — o >
(0]
g o 7 -
=) ‘,-_0'
> — ——
5 03
£ —
G -06 =
= |
g 09 T
£ 30
12 |

-75 -50 -25 0 25 50 75 100 125 150
Temperature (°C)

B7-3. AhA4A7€y FEERY 7 FEBEEDRBER (SOIC KNy F—2)

X 7-3 ({2 T 802, AJIA T2y RORV T NI | -40°C~+125°COFPHIZi7--> T £0.3uV/°CATM T, fLERIR
PEFRLPH AR DT> CAEMNT Z1THO% 6 TERAVFHE | ORICFLESIN I AT A7y MEERY 7 MOFEAEfE & K
EEHENET, IBERPHZRODZENTEHGE . K 7-3 (ORI ITEREE > CGREMT 21TV ET, A1A 72 hE
JEDOEALZRDDITIE, RO B ET,

AVos = AT x dVog/dT (1)
ZZT
s AVos = ANA 7y NEEDEAL
« AT =iREOZAL
° dVos/dT = ANF 7By NEERI TN
72z X, 2=y b 1 0 (68%) (22T, 25°C~75°COIRFE#HIZ7-5 OPA191ID DA 1472y NEED L&
ZROET, K 7-3 \RTIHNT, ASAT YR RUTZ RN 0.25uV/°C (FEHEME) TF, ZOATIA T2y R-RUTZInb,
J\ﬁ7k7t/bﬂfr®ﬂhm"f$1ﬁkbf (75°C - 25°C) x 0.25uV/°C = 12.5pV G5 ET,
2=y h® 30 (99.7%) ([ZOWTIE, K 7-3 1%, ASiA 7'y -RUZR25) 0.75uV/°C (FEHE(E) THHIEEZ/RLTVE

?“o ZOANIIA T/ R-RUZ D, AJA 7|y NEEOELOIEHREEEL T (75°C - 25°C) x 0.75uV/°C = 37.5uV 23
BohET,
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8 Ff4HsiEA
8.1 =

OPAXx191 e-trim A X7 7« 773Z. A7 vy b A7 vy MEER) TN T TRF 7« F—)LR - T 2D % OHE
DI r —2 L~V TR T A FRELAZ AL COVES, ZOFEICKY ., BAEDOATINT VAR R —F D
B Nl — USROS AT DB EN R/ MEESNE T, OO OBEIIEEY ELE O H e TiTbi,
SRR E ST % . SRS~ OB OBEE LK FEMICES LS E T, B2 8.2 12, OPAX191 O X %
RLUET,

AR E &S EIC O COEF I/ NSNE 7By MEE L/ NSWEEA 7 By RUTZ M@ T D728 fE3ER e-
trim A7 7 LT OPAX191 13 FF B E A0 2 IR ERIE T —% 7 7 F v 2L TV ET, IKVWVEREE
TEWRELZER L TWATED, 2D T FiIEgA o —2  ADEEXR oY 740V E EEBET —ZIUNEICE
FITd,

827Ny /A

OPAXx191

NCH Input
Stage
+

IN+

36-V High
Differential Slew Capacitive Load
Front End Boost Compensation

— +
PCH Input
Stage

SR

e-trim™
Operational Amplifier
Package Level Trim
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8.3 H4BESREA

8.3.1 Ah{RERE

OPAX191 13, AMEHEL AA —RIINRE M E D AN T =77 F v 2 EAL TOET A, BESRE T THREREICA
NERHELET, K 8-1 ITRTIERMANZ A4 —RRE T RUT, S 2BEAT v 7 IR L TR LSS Al g
HERHY  AC REEDBNWTEBEAEEN VT IFMEBEL S X T/ REMESHV ET (X 8-2 #&MR), K7 1\
KOG OO @EIET T ATMEE IR, ANEIREHERT 0T — e N\ T HAF—RENA AT AL, BT
FERIDMEONE T,

V+ V+

Vine T ’
Vour Vour

36V OPAXx191 ~0.7V
J_ Vine l

Vine

V|N,
. V- ) . V-
OPAx191 Provides Full 36- Conventional Input Protection
V Differential Input Range Limits Differential Input Range
B 8-1. ZB)ANEEZHBRL /L OPA191 DA S RE
r————-——-—--—- |
l Vo=10V Rewr 10V I Sh Ronimux \TCG) D @ @
! VN0 0
| 1 I 1 =4----3 == 10V e > ~93V
Ceir Cs ‘ \
i T T e |
I
= VIN-
: Vhia==10V RFILT -10V I Sn+1 Ron mux l @ } } T *
%% l \/ AA%AY % O | }
I _L ‘7T77777777_<I_7 777777777777777777777 | }NOJV VOUT
I Crur I } I Cs I lgiode_transient L ,l, B J
I — v | — VIN+
- -10V
Input Low-Pass Filter Simplified Mux Model Buffer Amplifier

8-2. /Ny Y= Ny Y - FA4FA—RICERT S bV I RR:EE

OPAX191 A7 7+ 7730%, @BIET 7V r—ar il ICEDEA LY —F V AEM AN &l 2 TV ET, 20K
TFEUSE D ANEGET —XT 7 F v, (BB EAOHEIMNL R Z R OBIEL 5| X ZX72 )W 2 | KT S A%
2 VT T X KA v F NS T TV — 2\l isA ~< 7 v 79, OPAX191 135k 36V DEENAAL S (F
RT T DORERE LI DM OEL) I 252N TEDT2d, v XL —2 LT, it mE 77 ANE
BT TV r—ay (B S ELT — 2R 2T 4[4 9-4 5 H8) ALL TRl T,
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8.3.2 EMI f8 &

OPAX191 X, MAMDERLTH (EMI) 74 NHV L THERL T, VA VYL ABEC, Tl G 5F=—r T V40 -
IR — RN A B DR T B E FEE DR — R P DR AT S EMI O B4R L £, EMI ffPE, [BIEE%E
FIEICIVSGEFTRE T, OPAX191 1%, 2O IR OWELIEHL TWET, 7F R A XYL AT 10MHz
5 6GHz £ TONE AW R AR IV IT=> T, AT 7 Ot % IERECE B IO LT D REZ B L
FL7=, OPAX191 TZDOT AN ToT-fEiR%E K 8-3 |IRLET, EBOT IV —a TN A T DHED
BT OPAX191 @ EMIRR IN+ fE% . £ 8-1 [T RLET, 3] 8-1 ITRTT7 AU/ —Tald. BIORTHE
OREWE A FLEL T, FIXZ OB EOHE CERASIET, 5EFRICOWTE, [ 77O EMI FRER]T 7Y
=gy LIR—REBRLUTERW, 20T 7 U r— g - LiR—MT www.ti.com 2264 7o —RCT&EEJ,

120

100

—
>

/

EMIRR IN+ (dB)
D
o

N
<)
Q

n
o

o

—
o

100 1k 10k
Frequency (MHz)

Pge = -10dBm, Vs = 15V, Vgy = OV

8-3. EMIRR 7 X k

+ 8-1. MRAFFICH (TS5 OPA191 D EMIRR IN+

IR % TV —ar ElidEvY T EMIRR IN+
400MHz E A VR S VEE, FHCOMEM, [RE. L —F — WAL (UHF) 777 —vay 36dB

GSM (ERANVABIE) T F U —ar [ O 7 a—r )L« 27 A EGRIE, TE 47— ar . GPS (i
5 1.6GHz £T), GSM, #iZeE/ (/v UHF 77V —av

1.8GHz GSM 77V r—ar | ENA)L 8=V F LG, T r—R UK #E, L SR (1GHz~2GHz) 57dB
802.11b, 802.11g, 802.11n, Bluetooth®, /AL« S—F /LR, EEH, BB L OERH

900MHz 45dB

24GHz | (oM) e, 7~ F o7 B L O, S /I (2GHzZ~4GHz) 62d8
3.6GHz MR B BE RO —rar A, T30, S /SR 76dB
5 0GHz 802.11a, 802.11n, i@ LB —var B AAVEE, FHEMHEDOEH, C /NUK (4GHz~ 864dB
8GHz)
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8.3.3 fIAREEDRSLE

OPAX191 7 7IVZIZ., (AECHE DR R RE NI SN TV E T, < DA T 7 Tld. AN =T RIFHEFHEEZ B2
TERENSILD & NAR RS AE L 97, ZO RS Z<FET2OIIIELERFIEE T, A 0MEE SNz R EE
A BZ CEBREISNAE, BT oL — I KEELEd, OPAX191 (L — /LY — L — )L A ST DA T 772D
T, FMHFEREITIL — LV ETIRECEE T, ATMEENL — L EB 2 TO RIS EE A, RD0Ic, B2
L — VRSV ET, ZORHEE ., K 8-4 ITRLET,

" //""\\
y, \
> / A\
= 7
© /
\ Vour //
AN /
— Time (35 ms/div)
8-4. AR/ L
8.3.4 BEVRERE
HOHWDHT NI, NEEEENIZE->THE (A% OBENLEFLET, Z0BSE21H R LIFOET,

OPAX191 (%, H B LB EELIET 5] ﬁ%ﬂﬁéif’& Az CVET,

WP ERERE IR, BB OIRE AL IRENK 180°CEB LA T 7 DO NEREE (52 L CHéRE
ia‘ WEMRFERERE (X ) 23R IS A B — & RRRIZER E L £ 37, E72. OPAX191 135K 30°COEER T X
ERFOIOICHREFI STV ET, BleX TR, Hjjjﬁxz»m4/t»~&/;qk E~DOHADEBE T Lo hIELE
9, HJIBDIRE K 150°C% T a5 e, OPAX191 i@ W EMEICRD £,

OPAX191 D& ERIRFE DfasH i K EMIT 150°CTT, oz 6.1 IR THIBEEZEZ 5L . F AL AREE TS
AREMER DN E T, 2=y MEDIXH S ZAEE L CREVRERKEEIX 180°C TR TN ET N, Mktk KEHK ETT A
AREEZR Y T £ A, ZOBBVREREFED B AL, ZOT SAARMER I REREBZ NI T2 TR, =
DT A A BRI 2 BE AR A NS T 52T,
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8.3.5 REHARNBLURTEE

OPAX191 1, K727 BPE A i 2 BB 2 BAGTFIVER 200 ) B A A T80, =7 1+ 7 A MG 1nF
DI BT A BRI ET, 7 2 B KE<TBET V7 DR LRSI, KO K& EHME AT BB T2 5%
AT (I 85 HBIH), 7o 7 BENERCEIE T M ED I BTt 4T 7 ORI, LAT Tk, 5
Ao MDERTRE OO OEREEELET,

(50 mV/Div)

Output

Time (2 ps/Div)
8-5. InF DFBBRMAH CX HBEILE
2L OIRHEE )77 LAFRIT, 100pF K DR EMEAR T F 7 BRAETHZLENHVET, DC A FE

LW, FRI3FEF IR =T - S AHER ClE, BAMR T 7V —a TOV X 7 ORI 2O 3729, RC
AT ][AlE A OPAX191 O NICEEELE T, X 8-6 12, RC AT LR A /RLET,

-

>— Output

Input O +
R 619 Q

C 320 pF

!

K 86.1=54 - UM UERTORAR7 7V /r— 3 ElF RC AF/NERK
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=T A AERR CTERENRE N &2 S AT X 8-7 (TR T 8912,

10Q~20Q O/ T (Rigo) I EEFNIHRAL , B EMEA R OBREIRE A HICLET, ZOHPUE, Mg &Mk
AFFTO DC MEREZHERF T DL RIFF IS, VX0 7% RIEIIRRL £3, 72720 . B EMEA RS HNHRPTMEA T 23
SN TWDIEGE, DIERIE BRSNS, T A FRENEL, MR TR0 b LET, FET
DT Rigo/RL DLIZHEHIL, —fRITAKRWH DL~V TR ER T E9, OPA191 IXRF EVEA R OBREIEE ) AR E
Wb U7 7L RNy T757 MOSFET 77— RIAT I —T N — VR RIATREDT TV — a1l ki T
T, ¥ 8-7 \TRTEIE TIE. Rigo Zfli» TART U FH N E2LELTOET, Rgo 1&. VAT LDBN—T 71
AL SN~ =V U B EOLET, % 8-2 12, OPA191 i o= i RO FLDERLET, ZOEIBE A > 7= Fil
BLOEEFIEOFEMIZ OV TIL, Tl Precision Design TIPD128., 4y AL A~ 7= & EE A B S Y ) 22— =
VOHRE AR, S3alb—ay TAMEROT R TEEERLTWET,

+V
: Vout

—_ I:{iso

+

Cioad
Vin -Vs i oal

8-7. OPA191 ICL U BREMH B OESHREH ZHE
® 8-2. NEAENEME - /= OPA191 BEM ARV a1 —a D, HERREREORTEREREDLEE

INTA—Z &
NEMEAR 100pF 1000pF 0.01pF 0.1uF 1pF
fH~—Tv 45° 45° 60° 45° 60° 45° 60° 45° 60°
Riso (Q) 280 113 432 68 210 17.8 53.6 3.6 10
S O B 23 8 23 8 23 8 23 8
va—h (%)
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8.3.6 RItHE /XS5

OPAX191 1% 36V ODED L— )LV — L —)L ASJA T 7T, ATIFEEFEBENE HLOERL —/L L0 100mV 35
ESNTWET, ¥ 8-8 IR X, FHAIE N F ¥ Rr/L e P F v /L DFEF A ST 29528 T 2D IR
HPHZFZBL TOET N Frpb - _X7E IEOL—/UITIEW AT EE ., #HI1 (V) - 3V 7> o, IEEE 100mV k
RIDEETT 7T 47N ET, P Ty X7, AOBEPRELLD 100mV Fn, 1EE (V+) - 1.5V FTOAT)
TTITA47IZR0ET, /NSRBI, I (V+) - 3V 225 (V+) - 1.5V 128\ T, ﬁlﬁﬁ@ﬂﬁ&775‘>‘77?47“&’
R0 FET, ZOBEBHEEIL, o ALENSC TR L LE T, 20N T PSRR, CMRR, 47 v NEIE, 4
7k RUTZR JAX, THD PEEEIE, ZOEBSN CEES S D50 LD T LE T,

+Vsupply

VIN-
JPCH1 l
—
AJ
VIN+

e-Trim™ Integrated Circuit

| FUSE BANK |

|
7
|

[99--00] [ $¢- %><#>|M

VOS|TRIM  VOS DRJIF

b e 1 —Vsupply

88.L—J-Y—- L—ILAKE

2 Brl— Lo — L= VAN T U TR OMEREZ R T D123, WIREZRE G | BRI ARET 97, OPAX191 T
TN Fr 1Ll P F v 2L Ol 5 O CRRE O ZT o TV ET, ZOHMICED | fTROT A 2L 64
ZEyh LUV E RIEITIRIE CE TOET D, AN BEOEBBEICOLALR, FMHFH A7 By b TRk
SENTENET (X 8-9 25 H),

P-Channel Transition N-Channel P-Channel Transition N-Channel
Region Region Region Region Region Region
200 i l l 200 l l l

< 100 < 100 \’\\
=2 =2
[0 [0
g AN g o
S o
> >
o} © (
£ 100 £ 100
9 OPAx191 e-trim™ Operational Amplifier 9 &
§ Input Offset Voltage vs Vem §_
= -200 = =200

Input Offset Voltage vs Vem

Without e-trim™ Integrated Circuit

—-300 -300 . . . .
-15.0 -14.0 11.0 120 13.0 140 15.0 -15.0 -140 .. 11.0 120 13.0 140 150
Common-Mode Voltage (V) Common-Mode Voltage (V)
8-9. AtHE— RBE (—RMAEL =) -Y— - =)L - 7O TLOHE)
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83.7EBRMNA—N—RFLR

REFIIZLDOBE . AT T RNELHA — /S — AR Z (EOS) 128 DRREEM 2 bNDDNENIYERMALE S, Zh
HOERMIE, & _7/\4’2032\73 ZRT LD TT N, BRELEL R, SHICH AR TG E03HVET,
W?;@%t/@fr%% I, FRE OB RS T m R ADEET L — I X T RS | EACHRGRS IV R E DRI & TR

%%B’jxkvx@ﬁﬁ FRAEN DY ET, £o, ZNHDEEIIINEFRESACE (ESD) PReEMRE DML AA FALTHY,
L ORI ST CRIEM AN CTH O )57 T, 572 ESD AU M BIR#EL £,

ZORARM 7 ESD ML, BRAMA — /N =AM A A RN O BHE M A 3 ICHEL TR ERITELET,
OPAx191 \ZE 5 ESD [RIF (R CHENZE5) ORI OWTIE, X 8-10 Z#& ML TS0, ESD fR7#[A]#5
T VKO DERAT TV A AA— RPN E TN TEY, ZRLIZANE A L b S, N OEIRT
4’/ CRDIDN—T A TEINET, TNODF A A —RIL, AT T IO T A ARLEIR ESD /L TR
AVET . ZORFERBRIL, B OERRENETIIIET 77 4 7 IURToN DL RE S ET,

TVS

lﬁ

° ° OPAXx191

ST

|
|

|

|

|

v ! % ) !
Rs . 100 Q o }
AN ! |

|

|

|

|

|

—> Power-Supply
ESD Cell

TVS

K 8-10. K FXMNAZEB T TV sr— 3 0 LB L TEMANER ESD B
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ESD AU MIBIENIER 1@< e 28 EH 128V T3 (61: 1kV, 100ns), — 75, EOS AU NI EBE LIV
<. B R IZ L0 £ T (61: 50V, 100ms), ESD # A4 —Ri., [H#4k 0 ESD {4::# (- %0, PCB IZ¥:Hf1iTd5
BIZT SAADASL T, TAMN REZITHEX) ZHIEL TERFENTWET, ESD /< hDfH, ESD {§ 51X ESD
AT TV HAF—REi@iEm L CRIAE (TESD BRI | 7~ AHTSNCWET) IESET, ESD WA
KL, BIRE LRI~ IT7 T LET,

ZOENMEIZEIBAMEEDT-DIZIT M E 2L O T, BN TIOEEET 774712758, KRB R I35
ELUES, WEELY V/‘H‘ (TVS) ZfEH 2L, BN D ESD AR ESD WINFIBE 3412 bZ L
THEUAIBEEV I TEET, WUARERBIREIIE TVS 14 —RE2frL, T/XAAD ESD ¥ A4 A4—K%&f->T
EOS A XU MO #ETEET,

8.3.8 BARMSDETE

WBEFNSDEIEIL, AT 7O ) BEEFREEN DRI RBE IZB1E T 572 DI LB L CERSNE T, &
WANBEEITE WA DOWT IR E T, Hjjf':“i_bwa%@wﬁ F%Ezék z“/\7/70>u“j737/\4x
FARIFEIRIC AV E T, T ANAARERIFEIRIZ A ST21%, T RAADT v —2 - X U T IR BB IZRIE T 5720 D
R Z M BELELET, T — XU T BRIRREIZRD L T3 1AL éntx;lwv%m‘zw%%ﬁﬁﬁébi%
L7203 C, A RIRIED A OISHGERIE X i@ﬁﬁ“ﬁﬁdﬁeﬂ%ﬁﬁaﬁ ANV —RER O G FHIR ET,

8.4 T/NA ADEET — R

OPAX191 [ZITH —BEREE —R3HY | EIRELED 4.5V (¥2.25V) % L[5 LEEL £,
OPAX191 D KEIHEE L 36V (£18V) T,
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97 V=g RE

g
LT o7 7V r—vaAFiid, T o ARRICE EN56 O TIERL, Tl TIEZOIEMMEE 37w etz

TRAEVZLE A, fll 2 O BB 2 - OBEEMEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RELHFEL T AN DL T, VAT AOKREZHERR T DM BERDHYET,

9.1 77V —2 3Bl

OPAx191 773VU|% DC k5L DC MERENFEF ITENL TWET, ZNHDTF A RIL, e 36V OEFL — /L CEIE
L. BEoL—y—-L— L AT BIEA 7 vy NEE, A7y MEERVZMINZ T,

2MHz O#HRIEE | & WA SR REREIRE A2 FEBLL CWVET, OPAX191 1. TNOOKEA > BEBIFEXHT
TVor—armit o, BECEMRERA T 7T,

9.2 KRBT TV T— 3>

9.21 O—Y A RERAE

9-1 12, u—HAREIR LT TV r—ar ARSI OPA191 2R L ET, B, 5HE. 32—
L MET —HEE X 9-1 DOEIEOTERIRSHTIZ- OV TIL, Tl Precision Design TIPD129, 0A~1A O > 7 )V
FEo—YARERE T ) a—a 2B R TLIEEN,

\
LOAD 56’
>~ oPA191
——CO Vour
| Rshunt
LoAD 100 mQ
LM7705
Re
360 kQ
— AAA—
Re >7.5kQ

91. O—Y A REREI VS - 7TV — 320D OPA191

9.2.1.1 Rt EH
ZORGFOBRFHEIFITROLEIBVTT,

o AMFER:0A~1A
o HJIFEEE 4.9V
o RIYURNERE:100mV
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9.2.1.2 FMG R FIF
% 9-1 DRIFEOMRZEREEIL, X 2 ITRTEBVTT,

Vout =lLoap *Rspunt x Gain )
AR ER (Loap) 12ED. ¥ MEHT (Rgyunt) PG CELERE TR ALET, AMETIL 0AA~1A TR ESNLE
T I KAREIRRICS v NEEA 100mV R IZHERF 92121, N3 2L TRR v MEFIAZERLET,

V.
RepuNT = SHUNT _MAX _ 100mV —100mQ
lLoap _max 1A 3)

A3 % RSHUNT X 100mQ k;‘l‘k’eéhiﬁ_ ILOAD & RSHUNT J:@Tﬁfﬁkéhé FBIFT X, OPA191 IZ J:’DTi’%
fESH, OV~4.9V O )FEEZAERLET . OPA191 BB B BEZ2 AR T D720 ER$ 57 113, U4 T
RSN ET,

Gain = (VOUTfMAX - VOUTfMIN)

(VINfMAX _VINfMIN) (4)

X 4 WD, BERF AT AV ERFRESNET, ZHUTEHL R & Rg TRRELE T, OPA191 O A% 49V/IV |2
RETHIDOEST Re & Rg DY AR1E, 25 TRIELET,

(Re)

Gain=1+
(Ra) (5)

Re % 360kQ L4 %L, Rg I3 7.5kQ LRHEENET, Re & Rg 13, EEDEOIHIT 49:1 DHREERHELHET,
360kQ & 7.5kQ ZFINLFET, 49:1 OLLIE|ZTELRL  MOWPIEFEHL T FENERA, K212, X 9-1 1T
B CHIE SN m R E R ET,

9.21.3 77— 3 2 HIER

5 / 0.1

4 /,/ 0.08
s 3 ,/ & 0.06 .
S 177 =
E / ;\I;; //
3 2 // 2 004 M,,!"

1 0.02 p

0 / 0 //’N

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 0.9 1
ILoap (A) ILoap (A)
K 9-2. A—Y A K. Bt R, GEBH EKo9-3. O—YA R, EfitR. ZIRT—ILEBE
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92216 Ev FEBESELLT—IIRERAT A

9-4 12,16 BV hEE) 4 FArRNLET —HX - TI/AVar L AT LA RLET, Z06IL, KE TEBEDOETA
Na BT DEEMT 7V —2a T— RO TY, ZOMIEKIX, 16 >k, 400kSPS DFE X Lkt (SAR)
A/ID = 3—% (ADC) Tho ADS8864 L. il mEEDY T /v ar T a=y 7 -7arh-x R BLO 4
F ¥ R DEF~/LF FL 7Y (mux) 2L TOET, 207 V7 —a 45Tk, OPA191 & OPA140 i IL T
EEEE mEEO 7 TR RTA T R B Z i b L, ADS8864 THENT-Z Ay /B L E L E EBL4 57 0
TR OWTCHHLET, ZO&EF21K1Z. Tl Precision Design TIPD151, 16 £ vk, 400kSPS. 4 F¥ #/L % & T —
HAEFV AT A @ASELE ARERICREINTOET,

© ® ® ©

Very Low Output Impedance High-Impedance Inputs Attenuate High-Voltage Input Signal Attenuate ADC Kickback Noise
input-Filter Bandwidth No Differential Input Clamps Fast-Settling Time Requirements Vger Output: Value and Accuracy

Fast Settling-Time Requirements Stability of the Input Driver Low Temp and Long-Term Drift

: : i
> ¥ \ : : v
H H
»—'\N\,—l— CHo+ : i moonage 1 reFiter R Fitter |
+20-V, .
10-kHz OPA191 \ v
Sine Wave A I - Reference Driver
- Gain Gain
q VVV I CHo- OPA191 Network Network
OPA191 I +
= 4:2
Mux
- REFP
L= + OPA140 Vine
'#Vvv—f CH3+ OPA191 + Antialiasing
+20-V, Filter SAR
10-kHz OPA191 _ ADC
Sine Wave I
A — Vinm
W V—f CH3- CONV
OPA191 I = P
n 7/
/
= 16 Bits
. ) High-Voltage Level Translation 400 kSPS
High-Voltage Multiplexed Input
VCM
Voltage
OPA350 Shmid
VCM Generation Circuit | midtt ||
7n4 Counter Trigger Delay
R
‘ Digital Counter For Multiplexer
Fast logic transition

9-4. OPA191 2{FRAL /. BEEANTIEEELRIRT S 16 Ev I, 400kSPS. 4 F ¥ RIVDBET—4 -7
D423y PRATA

9.2.2.1 B5IEH

T2 B, 10kHZ 7 VA7 — )V ORIESZEE AR T, 16 £k ADS8864 % 400kSPS D A/L—7 Tl L,

BAHER/NRIZINZ 72 £20V OFEH) 4 F Y RNV ELT — X T I/AV v ar VAT Leit 58T, 20T ayy

ETORFEMHIIRDOEBY T,

o VAT LEFRELE £15V

+ ADC &EJFEML:3.3V

+ ADC %7V L—F:400kSPS

+ ADC V77l RA7EJE (REFP):4.096V

o SAFAANET S AF I LY ORFEE AT, E—ZEIED 10V, JEEE (fiy) 73 10kHz O & EE S8 A
IHMEZBEHINSET,
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9.2.2.2 HH/GR5FIE

ZOT TV —a o BT, E DY AT LERRY ﬁaé:ﬁu_ﬂzw/ﬁ‘%#ﬂa“ét mELELELT —

BT IATay VAT LERFTHIETT, VAT AERKO T ay X% X 9-4 _/Tbiﬁ“o _@lilf‘éz I AJia—
IRRTANAE 7 NF TV TH (mux), vV FFL 73Ty 77 i SAR ADC RIAN v v F T L7 HT V4%
NI B VT 7L ARTANTIERSIND, VT T Y RNDT —H T I,V a A5 5F=—2TT, 20T —F%
TIF LD, H—D ADC i HL THREOT v 1z @ 7V 7 &L AR AND Y )2 — a2 EBT
XFET, BRBEOZET —H T IAVary AT LAOMRE R RALT B0 O ERERE EOMRETERILX, v LT
TV I AN TFus - vark- o RE | BEELVLVER SAR ADC RIANDFERFHD 2 >TH, 7272, 16 E'wh
DI FRBEE e/ NDE I D /XTATW:E@JZU/ﬁ ZEBLT 572012, ADC OHEREHARIZE SN TE T a7
0y 7 B BERSEREH L CLIEE W, X 9-4 (2T, %\77%27‘-fmyﬁ'c“%%ﬁgf&ﬁ%ﬁiéﬂﬁénfb\i?“o

ZOTHANL, KT T al BT vy IR R FEEAEHALT 16 EvhO|RN T E2ER L, H£ AT ¥ F/LT
10kHz DOIEFLIR ATME BT LT, ZNVAr— D AN S B EIE L ERM 2 FERLUET, REFORYIDAT T 1L, </v
F TV IV DOMBIEA L —H AN TANZEZGF OB EFT 52T, COBEHEZEETLLE, WY A7 0V
HDOPTEE, VAT DOV N T B E =T~V T T ORI D E T, WOBEERAT 1L, T T O
EMEEHERF T D LRIRHZm EBIEA G 5 HIKEE ADC AL~V EHS 57D b= T rs - 7a k.
TR (AFE) DG TT . ZOWRDAT 1L, e/ NROBIE T NVTF LI AN T v 1NV EUVIEZ DT V4 A
UHE =T 2 ARZFR T HIETT, FE LORBOREIL, (KA T 'y RUTZN, JAXDEH- T B REFP V7 7
L REEEMAE T D, BEEDOV T 7L U A RTA B E R F T AT,

9.2.3 RJ)V—L—MHIRICK B ANGRE

NN TRE—L =D AT LTI, BERLEIDOIZROLACIZ L TR E N B AETLHERHVET, FF
A7 B ~DaAY U NELED AL —L — Ml 528 T AMEED LR BIO FRa L el — N CHEITTEX
T o RN —L— DT TV —ay (IEOZL—L —hEAD AL —L—R N ELWY) T, BIMOA~T 7 1 f#
X0 REEDT s P A BRI TRV — L — MM ThodvET, OPAX191 133l B D A ARGEMRE 2 (i 2.
HEFREAL—L —FN j(é%\mb T a7 VEIRE T IVEIRD W T DY AT INTAL—L— Ml il & J28 95 fii
7T ERDET, K 9-5 1T, AL —L—MlBREEFFN O OPA191 Z RrU 4, sEMZRE% T TIA, IR, H#Rih 2,
PCB 77 A/, ¢/i,11/~*‘/5‘/7ﬁ%5'f‘%\ T AMERNZ DUV TIL, Tl Precision Design TIPD140, Hi—74 <77« 2L —L
—h Uy FESZ IR TSN,

Slew Rate Limiter

R1

| |
| |
| [l |
| I I
| Vee |
: R2 k :
I OPA191 ! . 0 Vour
| |
I |
I I
I I
|

Ve
OPA191

e

B 9-5. A==k - Uy &L, ARTT%E 1 DEIFER

Re
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10 ERICEI T S HEREIF

OPAx191 |% 4.5V ~36V (+2.25V~+18V) TEMERHLIESILTEY, Z<DHEARIE -40°C~+125°C TR SN E T,
EEERE E IR B L CREREF 2RI /RN DD/ TA—ZTHONTIL, T72a6.9 2B L TITESN,

PRV
IE\

40V 2B 2 HEIREEZEMNT DL, TS RK G B EE 52D REMENHVES, £re26.1%
HZRLTIIZE N,

BIRE L DIE<IZ 0.AUF DA RZa F oY fE T 58, JAADLZWERREA B —F L ADBFRNOIRATD
AR CEET, AR a T U OREOFEMIC OV T, BZ7var 11 25U TEa0,

MULL47U b
MA VAT MDHARSA Y

TA ATl m OEEMEREZ BT 572 LT DI 17z PCB LA 7 UM FREAE AL TTEENY,

o FBBFELETTUREDOBIT AL ESR @ 0AUF BT 7 « _A R aL T a8 L, AIREZRBRD T /S A ZAD i<
WCHEE L E 9, S VBT 7V —a OE1E, VE BT T RICRIL T 1 DDA /R AR T ok L
3
— JARXNREBEEROEIRE L &4 T BIRERAL T, 7 el BB SET2IE08HNET, AR a

T, TRl EEEICR L Ta— VIR A X ADEPREMAA L, FE S AR AR T D7D I E
ShFEd,

o JIUVREBEHROWIIIEE LT, TV T I RET Il - 7S RS BESIL QDI E AR L E T,

R DT FaZieT HANARD T T R E 3 BET D215, /AR Z M3 25 i D iy 72 51ED 1
OTY, Wi, %8 PCB o6 1 DL EDOEIZT TR T L —BHATY, 770K 7L — AT /3 BT ST
B EMI JAZXEFRNNILKL 2D ET, FEIZ W T, TR ISR DL AT o MEE]E SR TLIEE,

o WEIY TV RIS DI ADERREE /ﬁﬁﬂf?@ﬂjﬁﬁaf% LTEAIEITEEL CRLE L E3, oD%
HEL TR RV A, BRI S /A R DS BIBRETATCT HE01E, R ASES TS 781250 B0 C
.a—

o AMHITEREL L, FTREZRIRBD T ARA R E L E T, K 11-2 (T390, FAEREEZH/DRIZMZ 570, RF &
RG 13 r A 10 <IZHEE L E T,

o ANIBIAMITEARVEILET, ANBBRE R OB BUE/H 0 ChAZEITFHITIER L TIZEN,

o EEAREROEIC, BFEISNAERA L —F L ADH — RV TR E T ALt U E T, H—R U 7%
ERATN Hi&&:ﬁ@ﬁ”é\ SFEXFREN OB LDY — 7 E it a KIEIR T& E7,

o EEOMREERBDIZDIC, BN TOH T PCB 22 —=7LE,

o A ORI TI ;’( TFFAT 7 o 1 =D KA DR AN LD MER ﬁiﬁflﬁﬁ‘éi}%/\ﬁﬁwiﬁ‘ PCB %7k
T LI=% T, PCB 7T T VEaR—=F L J LT, )= 7T A AD = I BRIAEN T K 5 & B
FELFETIFEALE DR TIL, 7V —=2 7112 85°CT 30 I DOAKIER—F 0 7 24T 201X+ T
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1.2 1479 Ml

VN —— |

—e—— VOUT

fp— RF
11-1. EEEE
Place components close
Run the input traces to device and to each VS+
as far away from other to reduce parasitic
the supply lines errors
as possible |
|
|
\4 ! NC }—4
|
Tt T a |
| | |
! I I I | — /
} ! ! ! | V+ JE—
| | |
| I I | |
} VIN ‘ ‘ ‘ +IN # 77777777777 OUTPUT ‘
| | |
ol ____1__] 1 O
—
| (e ——— —— v | NC ‘ GND
|
|
|

Use low-ESR,
ceramic bypass
capacitor

B 11-2. EREBEOART V TEBROLLT U b

Use a low-ESR,
ceramic bypass
capacitor

Ground (GND) plane on another layer
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12 TFNARABELUVERFa AV bOYR—-F

121 TNA ADYR— b

12.1.1 AR Y R— b

12.1.1.1 TINA-TI™ > Sz L—>3>2 - Y7 PO 7 (BESD >0 F)

TINA™ %, SPICE =P & _—RAZLIZEflinosf 17 Ve WAL 2L —ta - 7/ T 4T, TINA-TI
P2l —iar Y7 =T TINA VIR =7 O3 X COMREF SBEAS—a0 Ty T2 F LT 754
TeEBTFIIIMA T, 70 -EFNLDIATIFIN T Ia—RENTHOET, TINA-TI > 32b—a0 -7 =712,
SPICE DOFEHER) /2 DC FENT, W PERENT | JEIEL N AA AT 72 8 D BRI Z B II O FHERESHBHEH SN TVE
‘aAo

TINA-TI 2 2=L—3=ar Y7k =7 (% Analog eLab Design Center /b EENCH 7 n—RTE | 22— —23fE R E2X
FFRFETTH— vy N TEDL | LFEAR B BERE A 2 COVET, RAREHRIERIC I . AJTIRTEZ IR L | [[]i% ) —
R, EE, BXOW L0 —7 LT, B2 A7 AZ—R o — VAR TE E T,

&
INBDOT7 AN T 521X, TINA Y77 =7 (DesignSoft™ 726 AFTEET) /213 TINA-TI V71

T T INA VAR L ENLTWD LN HYET, TINA-TI 7414 (http://www.tij.co.jp/tool/jp/tina-ti) 7>5
MO TINA-TI Y 7 U =T #X 7 0a—RLUTLIES,

12.1.1.2 Tl Precision Designs

http://www.ti.com/ww/en/analog/precision-designs/ 7>54 74> CAF T&E% Tl Precision Designs 1%, 7% &-
AL AINASIDENEGET F 0 T 7V r—ar OEMFICIVERSNT T ur V) a—a ThY, Z<OfH
R OEERER , 2 R — R MEIR T Rab—ar | B PCB MIEKEL AT TR, #inde., PEREHIER a1z
HELET,

122 RF a1 A2 bOYR-b

12.2.1 B9EEH

o TXYVRALRAINAAY | [IAIBETAR DL 170 MEE]

o TRV RALAINANY  [FHETORR ST T T T A VT 7L A

12.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on

Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

124 Y R—p - VY=

TIE2E™ HR—] « 74 —TAld, TV =T PRRGEF 2O R LR FHICE T Mo 2 — R bitgE o
BHZ LN TEDLLGET T, BEFORIEEZMB LD, ME OB Z L0528 T, R CHER A2 REIELZ
ENTEET,

Vo783 TNWAar 7 oid, S TAEE ICLY ., BURoFERESN 2L DT, 2oL Tl O R 358
DOTITRL BFTLS Tl O BEZ R L7 DO TIEHDER A, TI OFEHSEHEZERBL TEE N,
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e-trim™ and Tl E2E™ are trademarks of Texas Instruments.
TINA™ and DesignSoft™ are trademarks of DesignSoft, Inc.
Bluetooth® is a registered trademark of Bluetooth SIG, Inc.

TARTOMEEL, TN ELOFAEERBLET,
12.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘9 \ 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.

12.7 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

13 AN(Zh, Ryo—2, BLVEXER

PUE DR —I2iE, AB = Sy —  BEOESCET A SRR SN TOET, ZOBRIT. HEDOT A
AR LTRSS N TV BIRH DT — 2 TF, ZOF — I T ERERSNDEIENDHY, FFa A M KETSNDEE
BHYET, KF— 22— DT TP A SN TOAIE AT, FEAMOBIZ B E0,

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 39
Product Folder Links: OPA7191 OPA2191 OPA4191


https://www.ti.com/lit/pdf/SLYZ022
https://www.tij.co.jp
https://www.ti.com/product/ja-jp/opa191?qgpn=opa191
https://www.ti.com/product/ja-jp/opa2191?qgpn=opa2191
https://www.ti.com/product/ja-jp/opa4191?qgpn=opa4191
https://www.tij.co.jp/jp/lit/pdf/JAJSHP2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHP2D&partnum=OPA191
https://www.ti.com/product/ja-jp/opa191?qgpn=opa191
https://www.ti.com/product/ja-jp/opa2191?qgpn=opa2191
https://www.ti.com/product/ja-jp/opa4191?qgpn=opa4191

13 TEXAS

INSTRUMENTS

www.ti.com

PACKAGE OPTION ADDENDUM
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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 ©)
@ ©)

OPA191ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191ID.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191
OPA191IDBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVR.B Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVRG4 Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVRG4.B Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVT Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDBVT.B Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZAMV
OPA191IDGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKRG4 Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKRG4.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV
OPA191IDGKT.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 ZANV

OPA191IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191IDR.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191IDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191

OPA191IDRG4.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA191
OPA2191ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191ID.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKT Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKT.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKTG4 Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDGKTG4.B Active Production VSSOP (DGK) | 8 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDR.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA2191IDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]

OPA2191IDRG4.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 2191
OPA4191ID Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA41911D.B Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA41911DG4 Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA41911DG4.B Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA4191IDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 125 OPA4191
OPA4191IDR.B Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 OPA4191
OPA4191IPWR Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4191
OPA4191IPWR.B Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4191
OPA4191IPWT Active Production TSSOP (PW) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 OPA4191
OPA4191IPWT.B Active Production TSSOP (PW) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 OPA4191

OPA4191IRUMR Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMR.B Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMRG4 Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMRG4.B Active Production WQFN (RUM) | 16 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 OPA

4191

OPA4191IRUMT Active Production WQFN (RUM) | 16 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40to 125 OPA

4191

OPA4191IRUMT.B Active Production WQFN (RUM) | 16 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40to 125 OPA

4191

@ 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.
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https://www.ti.com/product/OPA4191/part-details/OPA4191ID
https://www.ti.com/product/OPA4191/part-details/OPA4191IDR
https://www.ti.com/product/OPA4191/part-details/OPA4191IPWR
https://www.ti.com/product/OPA4191/part-details/OPA4191IPWT
https://www.ti.com/product/OPA4191/part-details/OPA4191IRUMR
https://www.ti.com/product/OPA4191/part-details/OPA4191IRUMT
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents 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.

Addendum-Page 3



i3 TEXAS PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
oo o olo 000 T
o |eo o | Bo ‘l"
. DiaRriit!er ' '
Cavity +| A0 |+
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
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
Q1 : Q2 Q1 : ﬁ
Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*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)
OPA191IDBVR SOT-23 DBV 5 3000 180.0 8.4 3.23 | 317 | 1.37 4.0 8.0 Q3
OPA191IDBVRG4 SOT-23 | DBV 5 3000 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
OPA191IDBVT SOT-23 DBV 5 250 180.0 8.4 3.23 | 317 | 1.37 4.0 8.0 Q3
OPA191IDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
OPA191IDGKRG4 VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
OPA191IDGKT VSSOP DGK 8 250 177.8 12.4 53 3.4 1.4 8.0 12.0 Q1
OPA191IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA191IDRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2191IDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
OPA2191IDGKT VSSOP | DGK 8 250 180.0 124 5.3 34 14 8.0 | 12.0 Q1
OPA2191IDGKTG4 VSSOP DGK 8 250 180.0 12.4 5.3 34 1.4 8.0 12.0 Q1
OPA2191IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2191IDRG4 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA4191IDR SoIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 | 16.0 Q1
OPA4191IPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
OPA4191IPWT TSSOP PW 14 250 180.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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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)
OPA4191IRUMR WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
OPA4191IRUMRG4 WQFN RUM 16 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
OPA4191IRUMT WQFN RUM 16 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION
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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)

OPA191IDBVR SOT-23 DBV 5 3000 213.0 191.0 35.0
OPA191IDBVRG4 SOT-23 DBV 5 3000 213.0 191.0 35.0
OPA191IDBVT SOT-23 DBV 5 250 223.0 270.0 35.0
OPA191IDGKR VSSOP DGK 8 2500 346.0 346.0 29.0
OPA191IDGKRG4 VSSOP DGK 8 2500 346.0 346.0 29.0
OPA191IDGKT VSSOP DGK 8 250 213.0 191.0 35.0
OPA191IDR SolIC D 8 2500 353.0 353.0 32.0
OPA191IDRG4 SOIC D 8 2500 353.0 353.0 32.0
OPA2191IDGKR VSSOP DGK 8 2500 353.0 353.0 32.0
OPA2191IDGKT VSSOP DGK 8 250 213.0 191.0 35.0
OPA2191IDGKTG4 VSSOP DGK 8 250 213.0 191.0 35.0
OPA2191IDR SOIC D 8 2500 353.0 353.0 32.0
OPA2191IDRG4 SOIC D 8 2500 353.0 353.0 32.0
OPA4191IDR SoIC D 14 2500 353.0 353.0 32.0
OPA4191IPWR TSSOP PW 14 2000 353.0 353.0 32.0
OPA4191IPWT TSSOP PW 14 250 213.0 191.0 35.0
OPA4191IRUMR WQFN RUM 16 3000 367.0 367.0 35.0
OPA4191IRUMRG4 WQFN RUM 16 3000 367.0 367.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA4191IRUMT WQFN RUM 16 250 210.0 185.0 35.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
OPA191ID D SoIC 8 75 506.6 8 3940 4.32
OPA191I1D.B D SoIC 8 75 506.6 8 3940 4.32
OPA2191ID D SoIC 8 75 506.6 8 3940 4.32
OPA2191ID.B D SoIC 8 75 506.6 8 3940 4.32
OPA4191ID D SoIC 14 50 506.6 8 3940 4.32
OPA41911D.B D SoIC 14 50 506.6 8 3940 4.32
OPA4191IDG4 D SoIC 14 50 506.6 8 3940 4.32
OPA4191IDG4.B D SoIC 14 50 506.6 8 3940 4.32
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

. 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.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

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
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

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.

INSTRUMENTS
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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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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

1. All linear dimensions are in millimeters. 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 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.

(G20 w N
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK
SOLDER MASK METAL UNDER
OPENING METAL SOLDER MASK‘\ i OPENING

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

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
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

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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GENERIC PACKAGE VIEW
RUM 16 WQFN - 0.8 mm max height

4 x 4,0.65 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224843/A
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MECHANICAL DATA

RUM (S—PQFP—N16)

PLASTIC QUAD FLATPACK

Bottom View

10
% REAAA
,90
[8]
12 | 9
!
|
13 8
. 410
3,90
16
Pin 1 Index Area 44///////,
Top and Bottom
v 0,20 Nominal
0,80 Lead Frame
0,70 _ |
f i___ j ﬁ ‘ Seating Plane
0,05
[&]0,08]c] 0,00
Seating Height
1 ‘ 4 ¢
J Uuu
|
0,50
16 D ! C 5 16X ﬁ
) -
411 _ + 1 _ 1
D) -
v
D ]
i [ 16X 0,55
0,25
Exposed Thermal Die Pad / & 8;2% g A‘B‘
@ 0,65

4209092/A 10/2007

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
This drawing is subject to change without notice.
QFN (Quad Flatpack No-Lead) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
E. Package complies to JEDEC MO-220 variation WGGC—3.

{5‘ TEXAS
INSTRUMENTS
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THERMAL PAD MECHANICAL DATA

RUM (S—PWQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD
THERMAL INFORMATION
This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the
PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).
For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.
The exposed thermal pad dimensions for this package are shown in the following illustration.
PIN 1 INDICATOR
C 0.30
1 4
Exposed Thermal Pad
s [NUUUU 11—
I | A 5
T B -
2,70+0,10 = — — g
> d
l P | - 8
13
A NN N
12 9
[+ 2,70%£0,10 —¥
Bottom View
Exposed Thermal Pad Dimensions
4209093-2/F 09/15
NOTES: All linear dimensions are in millimeters
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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
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
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 .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

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
SOIC - 1.75 mm max height
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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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