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14 5 14 514
RoJa S B 65.5 65 °CIwW
Rojcrop) | G5F4M% (TR ) #48H 20 23.1 “CIW
Rous 25 28 L PR AR 259 20.3 °CIW
b7 ZENTC ey 1.9 18 °CIW
b 255 LR IRRFIE S 5L 25.3 19.9 °CIW
R0 yc(bot) iR H R (JRER ) P ANiEH A& °C/W
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6.7 HLURFE : OPAX227
Ta=+425°C , Vg = 15V 2 +15V Vem =Voutr=Vs/2 H R =10kQ EER Vs /2 ( BrAE 5 A 3 )

5% \ RS | B A Eki| #e
RIABRE
+5 +75
U. P %2
v e Ta= -40°C % +85°C +100 Y
ISR
o8 WA +10 w200 "
UA. PA %%
Ta= -40°C % +85°C +200
U. P24 Ta= -40°C % +85°C +0.1 +0.6
dVos/dT | #i NS o JE Ik - uv/°C
UA. PA %2 Ta= -40°C % +85°C +0.3 +2
+0.5 +2
PSRR IR L Vg = 2.5V & +18V PV
Ta= -40°C % +85°C +2
KR 0.2 pV/mo
M4 (WO, P | B 0.2 pvIv
i) f=1kHz , R_=5kQ 110 dB
A WERR
+25 +10
Is N\ B LI nA
Ta= -40°C % +85°C +10
+25 +10
los N SR FLIA nA
Ta= -40°C % +85°C +10
W=
90 nVpp
LPNGENER Yo f=0.1Hz % 10Hz
15 nVRMS
f=10Hz 3.5
€n BN PR R P T f= 100Hz 3 nV/ v Hz
f=1kHz 3
in YN LI 7 f= 1kHz 0.4 pA/ v Hz
HINHE
Vewm PAToNES (V-)+2 (V+) - 2 \%
CMRR 120 138 o
FLASEAHI L V-)+2V<Vey<(V+) - 2V -
V) ov (V) Ta= -40°C % +85°C 120
Lo PNEE
5y 10] 12 MQ || pF
L Vom =(V-)+2V & (V+) - 2V 103 GQ || pF
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6.7 554 . OPAX227 (continued)
Ta=+25°C, Vg =45V &£ %15V , Vo =Vout =Vs/2 H R =10k Q %2 Ve /2 (KIERHH )
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BN \ WA | mME mmE RkE| B
FFERH 2
132 160
(V-)+2V<Vg<(V+) - 2V .
Ta= -40°C £ +85°C 132
Ao IPAR RN g (V-)+35V<Vo<(V4) - 132 160 dB
35V, :
R, = 6000Q Ta= -40°C £ +85°C 132
S L
GBW LAY A A 8 MHz
SR Jir s b 2.3 Vius
1% 0.1% 5
Fase it 1] G=1, 10V L, CL=100pF |- us
i% 0.01% 5.6
Tk A K L 1] ViNx G =Vsg 1.3 s
THD+N | iyl 2 + Wik G=1,f=1kHz , Vo = 3.5VRus 0.00005 %
Eora)
(V-)+2 (V+) +2
R 4 Ta= -40°C & +85°C
R = 6000 (V-)+35 (V+)+35
Isc LB HL +45 mA
CLoap PR S IR S W 2 ) SRR
Zo FFERYG PR f=1MHz 27 Q
iV
| pon S | 0A +3.7 +3.8 A
J A < A HL = m.
Q AR AR FRAS HLIR o Tp= —40°C % +85°C 42
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6.8 % : OPAx228

TA= +25°C , VS =+5V &£ +15V s VCM =VOUT=VS/2 H RL =10k Q ﬁ%@ Vs/2 ( Bﬁjt%ﬁlﬁﬂﬂ )

BH TR \ B/ME HRE BAME| B
RIAHBE
+5 +75
U. P %2
v U Ta= -40°C & +85°C +100 Y
TN
o8 WA +10 w200 "
UA. PA %2
Ta= -40°C & +85°C +200
U. P %4 Ta= -40°C & +85°C +0.1 +0.6
dVos/dT | i N 4% 1 H i V5 - uv/ec
UA. PA %4 Ta= -40°C % +85°C +0.3 +2
+0.5 +2
PSRR IR L Vg = 2.5V & +18V PV
Ta= -40°C & +85°C +2
KR 0.2 pV/mo
M4 (WO, P | B 0.2 pvIv
i) f=1kHz , R_=5kQ 110 dB
N E F R
+25 +10
Is S\ B nA
Ta= -40°C & +85°C +10
+2.5 +10
los BRI F nA
Ta= -40°C & +85°C +10
g
90 nVpp
AN L f=0.1Hz % 10Hz
15 nVkrms
f=10Hz 35
€n 8N R I 7 f=100Hz 3 nV/ v Hz
f=1kHz 3
in N B R 7 f= 1kHz 0.4 pA/ v Hz
MAHE
Vewm PAToNES (V-)+2 (V+) - 2 \%
CMRR 120 138 o
FLASEAHI L V-)+2V<Vey<(V+) - 2V -
V=) om < (V) Ta= -40°C % +85°C 120
LN R
5y 10] 12 MQ || pF
Jehs Vem=(V-)+2V ZE (V+) - 2V 13 GQ || pF
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6.8 H<%4: . OPAx228 (continued)
Ta=+25°C, Vg =45V &£ %15V , Vo =Vout =Vs/2 H R =10k Q %2 Ve /2 (KIERHH )

BN \ WA | mME mmE RkE| B
FFERIE 22
132 160
(V-)+2V<Vo< (V) - 2V .
, ‘ Ta= - 40°C & +85°C 132
AoL TF3F HL R 3 25 dB
(V-)+35V<Vg<(V+) - 35V, 132 160
R =600 Ta= -40°C % +85°C 132
PR
/N AR R 5 VIV
GBW AL T8 A AR 33 MHz
SR JEIER 11 Vius
% 0.1% 1.5
Fa e I [a) G=1, 10V ik , CL = 100pF - us
% 0.01% 2
T ok S (] ViN*x G=Vs 0.6 us
THD+N | SR I + G=1,f=1kHz, Vo = 3.5Vrys 0.00005 %
B
(V-)+2 (V) +2
LA Ta= -40°C & +85°C v
R = 6000 (V-)+35 (V+)+35
Isc JL HLIA +45 mA
CrLoap B IRE) TH S SRR
Zo TEER B BT f=1MHz 27 Q
R
| S R +3.7 +3.8 .
BN A3 AR AS HLY = m,
: SARBMBETR Lo Ta= -40°C % +85°C 4.2
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6.9 HLAURE
Ta=25°C, R .=10kQ , H Vg =x15V , [RIERH U,
180 T T T T 0 180 5\ T T T T 0
160 N (g A227 20 160 N il OPA228 20
140 A —40 140 A 40
\\ G ~\
120 8 -60 120 L G -60
N _ N —~
g 100 s 80 o g 100 e g 80 ©
o q ™ _ © o _ @
S 80 S 100 i 80 o NS 100 8
= 60 —120 & < 60 120 &
N N
40 S -140 40 S -140
20 ™ ~160 20 ~160
\\ \\ N
0 \\_ -180 0 o
20 T 200 -20 ~200
001 040 1 10 100 1k 10k 100k 1M 10M 100M 0.01 010 1 10 100 1k 10k 100k 1M 10M 100M
Frequency (Hz) Frequency (Hz)
E 6-1. JFIR I A AAHAL S AR H B2 & E 6-2. FFAW A FHIL SIME R PR R
140 INPUT VOLTAGE AND CURRENT NOISE
] ~ SPECTRAL DENSITY vs FREQUENCY
120 = ™ 100k
INS ™ *CMRR
—~ 1 NN N
o 100 5
S NN IZhN o 1k ==
x g NS +PSRR | TN EE
@ J =< ™
g ™ N E E 1k ~~- Il Current Noise
v 60 -PSRR NI 'Y
o NN\ 5 ©
%) NN zZz
o 40 BN N 2 = 100
2 AN ¥
- = 10 = ,
Voltage Noise
-0 T
0.1 1 10 100 1k 10k 100k 1M 1 | [T 1
Frequency (Hz) 0.1 1 10 100 1k 10k
Frequency (Hz)
 6-3. FRYERISLAEINE] b SRR (Al 26 & B 6-4. S\ FL RN B IR R B R SR R R R
0.01 — 0.01 e
Vour = 3.5Vrms OPA227 = Vour = 3.5Vrms ‘OPA228 o
& 0.001 > & 0.001
o (=]
b4 z
a a p
T /] T ]
= 00001 G=1,R_=10kQ = 0.0001 G=1,R_= 10kQ
0.00001 0.00001
20 100 1k 10k 20k 20 100 1k 10k 50k
Frequency (Hz) Frequency (Hz)
B 6-5. BiEHRE + B 5B E PR R F 6-6. HIEHARE + RS SHERIXR
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OPA228, OPA2228, OPA4228 INSTRUMENTS
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6.9 HLAVEHE: (continued)
Ta=25°C, R =10kQ , H Vg=%15V , BAEBAH B
140
o 120 ™~
T \‘\\
c \
N : 2 100 NS
S -M/I\M;A A M,; ] g ™
el WWMMWMWW W“ WWW 8 o
[ : : é Dual and quad devices. G = 1, all channels.
5 Quad measured Channel Ato D, or B to C;
60 |- other combinations yield similiar or improved
rejection.
40 T o A A1
1s/div 10 100 1k 10k 100k ™
Frequency (Hz)
B 6-7. S \REFS B e SR R [R] R R 3 & 6-8. WIEIEE SHRAIKLR
24 OFFSET VOLTAGE PRODUCTION DISTRIBUTION
17.5
Typical distribution _
,\ 15.0 | of packaged units.
9 s _
5 / S 125
£ g
pret = 10.0 —
£ \ £
8 s / \. 5 55 ]
o €
* / \ 8 50 B -
/ N 2 |
25 — ]
0 ™~
0 316 325 3.34 343 3.51 360 3.69 3.78
O WO WO WwoLwowo
Noise (nV/Hz) BBI8BRBRE\RE —TYerecle
Offset Voltage (uV)
&l 6-9. HLBEF 34 (10HzZ) &l 6-10. SKif A4
12 10
Typical distribution
of packaged units. 8
~ S s
< ] o 4
~ [0}
2 8 I 2
& | _ 8 2 AN
s o —
€ o 0 i
% i g , | —
ot S
c 4 H >
2 5 ~
g "c:) -6
O T T I T !_I II_I T _10
0 50 100 150 200 250 300
0 0-5 10 15 Time from Power Supply Turn-On (s)
Offset Voltage Drift (uV)/°C
6-11. SRR B RR =4 X Ny
me-1. % Wy 612, Fi R R
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6.9 HLAVEHE: (continued)
Ta=25°C, R =10kQ , H Vg=%15V , BAEBAH B
160 = 160 =
Ol
150 1 <~ 150 O
S 140 ﬂRR \\ _ 140 — CMRR
o
Zi 130 — S 130 =
% 120 PSRR 7 & 120 PSRR
o o
o 110 ¢ 110
= 100 = 100
(&) ()
- 90 - 90
[e] [o)
< 80 < 80
OPA227 OPA228
70 70 ‘
60 60
75 50 -25 0 25 50 75 100 125 -75 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
& 6-13. Ao.~ CMRR. PSRR HiREHIRA &l 6-14. Ao~ CMRR. PSRR S5EERIIXER
2.0 60
A
" < %0 %\\
?E:, 10 g/ \\
= € 40
S 05 g ~— “Isc
g 0 —'\\\ 3 30 } \
o =
2 —_ E \
m -0.5 Pt
5 2 20
g 10 2
(%]
1
1.5 0
2.0 0
—-60 —40 20 0 20 40 60 80 100 120 140 75 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
F 6-15. MIARE A SRERINXR E 6-16. B il SR E KRR
5.0 | 3.8
—~ 45 +18V 36 /
r 15V z
£ ¢/ +12V E e
§ 40 W 5 34 =
(&] ] 1 15V o
g a5 //é//// iZ.éV .OC_), i) //
2 —_— | — —] 2 <
S 30 | ——T— C 30
///
25 2.8
—-60 -40 20 0 20 40 60 80 100 120 140 0 2 4 6 8 10 12 14 16 18 20

Temperature (°C)

B 6-17. BSRASREERKKA

Supply Voltage (+V)

& 6-18. S RAE RIRRERKIRR
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6.9 HLAVEHE: (continued)
Ta=25°C, R =10kQ , H Vg=%15V , BAEBAH B

3.0 : — 12 :
OPA227 L OPA228 —
05 | // 0 / \\
| Positive Slew Rate —— X
- L~ Negative Slew Rate .
= 20 § 8 N
| = e \
Q [0}
= 15 = 6
¢ ¢ )
3 8
210 2 4
05 R oap = 2kQ 2 Rionp = 2kQ
Cioap = 100pF Croap = 100pF
0 | | 0 | |
-75 50 -25 0 25 50 75 100 125 -75 50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
K 6-19. X 5RERKR R  6-20. KER SR ERKIKER
20 | | ! | | | | 1o Cur\)e shows ﬁormalized change iﬁ bias cur‘rent
Curve shows normalized change in bias current ) A
156 F— . _ . with respect to V, = OV. Typical |z may range
with respect to Vg = £10V. Typical | 3 may range 10 F— O — ]
10 from —2nAto +2nA at Vg = £10V. from ~2nAto +2nAat Vey = OV.
0.5 —
__ 05 SR I YO
g g "1-
S 0 = 0 Vg =+15V
3 ya ] / O
-05 BN
-0.5 <
10 Vg = 45V
-1.0
-1.5
-2.0 -1.5
0 5 10 15 20 25 30 35 40 -15 -10 -5 0 5 10 15
Supply Voltage (V) Common-Mode Voltage (V)
B 6-21. A REmRARNE BIRBEEKRXR K 6-22. i N B IR R SR F IR R
100 | T T 15 V+
Vg =15V, 10V Step 1 \ V)1V
- I(E:{L - ;igopF = B (V+) =2V
L= z 1 1250 = | o
g ! ! ) £ 1 85C X" N _55°C
o OPA227 A T | ascX |\ Y
E 0.01% 1A g
F 10F", " 01% s -10 / |- s5c
£ 4 OPA228 | Z - 85T -
ES - 0.01% 010 | 3 125C | N\ N ~
5] 0.1% 5 —12 \ —40°C (V=) +3V
» L 3 R — [\
il -13 ———25°C (V-) +2V
T -14 j (V=) +1v
-15 V-
1 0 10 20 30 40 50 60
+1 +10 +100 Output Current (mA)
Gain (V/IV)
B 6-23. B T Al 5 AER 28 A L A 6-24. iy B EIBIE S R IR IR R
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13 TEXAS OPA227, OPA2227, OPA4227
INSTRUMENTS OPA228, OPA2228, OPA4228
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6.9 HLAVEHE: (continued)
Ta=25°C, R =10kQ , H Vg=%15V , BAEBAH B
30 AL [ 1T T 1711 70 T T 11117
Vg = +15V OPA227 OPA2
25 \ 60 Gain = +10
R 50 AR
> S /
g 5 40
£ 15 2 /
S £ 30 /
:3 10 Vg = 5V 3 /
5 20 / \ I
© N x\ Gain = -1 /’ Gain =-10
5 N Gain = +1 N/
Sl R AR ,:;%
0 T o — T i
1k 10k 100k M 10M 1 10 100 1k 10k 100k
Frequency (Hz) Load Capacitance (pF)
Bl 6-25. B oK% H R SR R R B 6-26. /M S S AMBARIIRR
OPA227 OPA227 ]
>
3 2
] £
N
Sus/div 400ns/div
G=-1, C. = 1500pF G=1, C = 1000pF
B 6-27. K55 Ekmi L & 6-28. /M5 B ER N B
; 30 ‘ ——rr
OPA227 Vg = £15V OPA228
25 \
: \
£ 20
Z @
2 g 45
& 9
2 10 Vg = 45V
o
5 N y
\\\
: 0 e
400ns/div 1k 10k 100k 1M 10M
G=1, C_ = 5pF Frequency (Hz)

B 6-29. /ME S Hr BRI

Bl 6-30. B AR R SHERMKIRER
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6.9 HLAVEHE: (continued)
Ta=25°C, R =10kQ , H Vg=%15V , BAEBAH B
70 T TTTT 5 . N i
OPA228 OPA228
o0
50
9 G =-100
g % Y 3
< >
£ 30 ©
3 G =+100
20
G=+10 /| >/
10 I
I )4
0 ’
1 10 100 1k 10k 100k 2us/div
Load Capacitance (pF) G=-10, CL = 100pF
E 6-31. MSSE W ERABBERIIREA E 6-32. Kz S HrEKmRL
' ' ~ opA228 j A OPA228
> >
S S
>
E £
g g
500ns/div 500ns/div
G=10, C_ = 1000pF R, =1.8kQ G=10, C_ = 1000pF R =1.8kQ
& 6-33. M5 S B BRwHIRL & 6-34. /M S BRI P
100
80
70
60
N 50
€ 40
[0}
e
g 30
3
E
20
10
1k 10k 100k M
Frequency (Hz)
Bl 6-35. FF#h4 i FEHT
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7 VE4N
7.1 R

OPAXx22x FHiz FIUR AR FHATIRMEFS . BE SN ERG B2, DR AR50 A 75 22 H (5 5 ARG 5 B IR0 I RE TR S H
OPAX227 2 Bfr s R e RO 2S | B S B (2.3V/ us) MITEH7 9% (BMHz). OPAX228 %%} 5 13 55 5 A f) 4]
IR AT 7O, FRPR AL T = I BE LK 10V/ps B ZEF 33MHz 71 % .

7.2 ThRETTHE R

Input Offset
Adjust
(OPA227 and
OPA228 only)

! |

+IN * | Output

-IN — ,
Input Offset L
Adjust Compensation

(OPA227 and
OPA228 only)

7.3 FriE UL

OPAx22x RHEAG R i |, F H AR AN B AR e 3, R IX S 28 vl 2N iz T RN . R
FH v Mo 7 e PG FE R I R AT BE SR LR S S S g RS . REHUEW T , 01 uF AR LWL T
7.3.1 R B EARIE

OPAx22x ZFI BATAEHARM R i IS AR IR . o8 T SCBLH R BRI, NI A BB AT SR AILBRR A o EESAN[R]
{1 428 P fiE 2 7108 SO AR AR A 3™ AL T 5, I PR AR SR T H MR P R o TR S L A R T R I TBOK
e[ A R |, IR A PR IREERE . IR ORISR 1 RO B ARSE | AT BRI RS . BEAh -

o DREFE SN ST 18] R TR .
RGBS T REIZ B G BE N R
© RS SBOCE AN HUER 5 ( nvA B U AR R ) B

7.3.2 TIEHE

OPAx22x RFNiZH KA H 2.5V & +18V WHEALH | A HEMGE. K2 H0a FROREEHUE (N i —Fh E 5
JEALH | T OPA227 RHIAFIARE , H Ay iR Bk T 52Br A A — A E R T £5V & +15V R
. OPAX22x #e 1% s F B JG BN £5V & +15V. 45 L8N F AN T SR 1E fdi o s R4 e AR 7] o FEL s H AN
T EAME . OPAX22x RAI S X TAE IR E Z /(& A 5V , TN 36 V.o Bl , IEHJER[ N 25V, 1 7
B &N -5V, RZIMA. FESHIIFE TIERETEEN -40°C £ +85°C. 77 6.9 Higor 1 B TAF R akii
FE AR AR T B B AR I S
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7.3.3 RABEIRE

OPAX22x ZHNZ LWL IA%E | v S BUR AT o AR | DRI K 2 B0 B AN 7 LA 2 . {HJ2 , OPA227 I
OPA228 ( HLiEiEk A ) 7RG 1 A5 8 L3t Rl i a8k se . Wi 3% Bl 7-1 P8z i A 2% B T i 2k
VR o X bR B U TV BRI SO B 0 R L o 1 27048 FH O b U R SR kM 2 G b LA O R AR G R R
&, RN 25| A R

V+ Trim range exceeds
offset voltage specification

OPA227 and OPA228 single op amps only.

Use offset adjust pins only to
null offset voltage of op amp.
— O1uF See text.

&l 7-1. OPA227 kil BB r ik

7.3.4 ARY

OPAX22x I 51 M (IS I 7-2 ) BATHIAGRY . B TRBOCE M0 FRIESE R | B 28 4 10 i
BIME ( keiRas ) 2 SBCRRAE AR ZAE . WREA SMBIRA AT | S NS AT BEIR . A
FEL AL T BE X TBOK 838 R Wt o - BARIZ PR TC AT eV IR A AL, (HA AR i IS . SRS AN A S5 B BB MO e
KA .

Re
5000

W

OPA227 Output
+
Input O—

& 7-2. BkHRE

i OPA227 O8I aa S rirdy (( BRBESES ) I, ORI IR N A 2 20mA. S R i8I 4 A — > s 5t
HL R85 B — N SR A R F P AR R ST AR 1 TR 8 R F B R

Rx = Vs/20mA - Rsource (1)

Hr
* Ry SIS, s AR BT

#ltn , 10V ko (Vs = 10V) 752 500 Q KRB . A RIHFEGTLHE K , 2 CARRBIHIA , WA T ZLAM A raFH
fro TN | PR T AT G AT AT SRS R B AR B R . A ORI VRIS S 7 7.3.6.
7-2 R T SRR S 45 e B R 151 o

7.3.5 B\ B HATH R

OPAX22x 2 51l ity N\ i B FL LA A 0 AR S8 LA ST B e AT A2 o 45 2 0 A\ B PR 2 S A\ i B PR 5
THEREIZ B 22 E . SRR I B H AT DL IE A s 4
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L AR 7 3T B BRI, S N B RS N SR AR BUM AR o D 1T B\ O B H IR T N0 B4 HL B
& (W 7-3 fror ), SERR AT RERG AN s AR A, PR AN HERE A

Conventional Op Amp Configuration

RZ
R, W%
——0O
Not recommended
for OPA227
Rg =R, [| Ry External Cancellation Resistor

Recommended OPA227 Configuration
RZ

3 W

\ No cancellation resistor.
See text.

B 7-3. B T B
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7.3.6 e kAR

Bl 7-4 o TR FH A 3 26 G B 0E SO S R A S R VR BH P 1 2 R B A ( TE Rt P A X 4%, [RIEAS 7
AR ) o WP EOR TR BRSSP E T SRR . OPA227 B JEF R R
IRl L AR 8 3E & T BARIRFEST (/T 20k Q ) IR H o SRALRE %8 UK 8% OPA277 HAA M —Lef s R g = |
H IR S G . OPA277 fEh &R ST ( 10kQ % 100k Q ) FHRALH g ERE . =T 100kQ I |, FET %
NIEFEBURE (40 OPA132 , B AW IKHI ML ) nlae i mtkae. nl i 7-4 i A SOk 1150 e it g
Ao, H e, = BEMEA i, = BEAYES , Rg = YA , k= B/RE2HE =138 x 10" B YK, i T NIF KR
. BRitEgEEREZEAER  ESET 7.3.7.

1.00+03 ——rrr——
ur =
2 E . §
2 ~ B ° OPA227 — 412
BIE | -, NP
2% 1.00E+02 E
2= - = ‘
Q I T
g T opagrr 2 7 opA277
2 HE % /
23 i Resistor Noise
S g 1.00E+01 =
o F AR T
3 i 5= Resistor Noise
§ Pl 1
Eo’=e,+ (i, Rg)* + 4k TRy
1.00E+00
100 1k 10k 100k 1M

Source Resistance, Rg (Q)

A 7-4. KA RAE R AL B A OPA227 1Mk M6

7.3.7 EARMSETE

R 75 3 TR RO 2% HEL I 1) A T DA 20U - 411 2% e 22 b Rl E PRI 7 SRV - (5 SRR S L I8 SO B8 77 AR B e S DL R
IR 2% L BEL 2 7 A R R 7 B g 7 R I A R 7 0 B (1) ST D R

V5 BELFC ) FEL BEL 3 40 72 A g v 75 R BE I 5 IR OB B . & 7-4 SR T %R . B T VR PR A O E A B,
I I 3 A B TR B R 2 st e L 75 oA i A IR P AR A A Ak Mg 75 P PR A 2

B 7-4 SR 7 K F BN 25 G B I8 SRR B AE A R [E VR BHPTA (0 S e 7S (T8 S i FE B2 IR &% | DRI A P A
NI ) o s SR 3K [E] I e AR e T MR B R B AR S . T R O 2 AR R AR B AR . H
iR U] 2 A N R R AR B | AR AR AN R AU B BT A B — AN R R R A . (R, R N B S
KRR I B AR A5 B e TR P JRBHPUAARAT |, BN 5 v ZUS AT |, BRI 5 5. WEPRER , f
WM RE RS

K 7-5 Son T B A1 25 10 SO AN R ARG S OK 8 PR L B . fE B A 2 O H R B, S RN 4% E B B 4 e A
Ma e,z SRR 8% 1 B IR e 7 4 55 S i e BEL 28 7 A S S, BT P AR A e S . — AR T e 2 R A 1Y) S
i, L7 i T S g 75 Y ARG 22 28 ANt o DU &% BB R 1 PRI B A g 7 - B A
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Noise in Noninverting Gain Configuration

RZ
R1
W -
- —OFE,
+
Rs
VS
Noise in Inverting Gain Configuration
R2
R1
Re —OE,
+
VS

Noise at the output:

1

2 2
ES = (1 +%) e+ e+ ef+ (inR2)2+ es™ (in R3)2(1 +%)
]

1

Where eg = V4kTRg * (1 + %)= thermal noise of Rg

&= VAKTR, * (_
R

4KTR,

Noise at the output:

R ) = thermal noise of R,

1

= thermal noise of R,

2

R . 2
E 2 =[1+ 2 e+ el+el+ (ilR) +ed?
(0] ( R1+RS) n 1 2 (n 2) S

Where eg = VAkTRg * (

VAKTR, * (

VAKTR,

Ry ) = thermal noise of Rg

Ry ) = thermal noise of R,

= thermal noise of R,

For the OPA227 and OPA228 series op amps at 1kHz, e, = 3nV/\VHz and i, = 0.4pA~Hz.

& 7-5. WA E PR T
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K 7-6 Zon 7 TR OPA227 F1 OPA228 I (#) 0.1Hz 25 10Hz B e 8% . I8 ik 2% v PR 2 48 F 4 M1 1 28 (T1)
FilterPro {4 ( AliELE www.ti.com 3REX ) #itH0. B 7-7 8o 7S MR FT 75 i) OPA227 Fl OPA228 it & .

Ry R, Rg Ry
2MQ 2MQ 402kQ 178kQ
AW MW AW e

C, C,
1uF 1uF
| | j—
I I
Input from _
Device =

Under
Test

B 7-6. £/ 0.1Hz £ 10Hz H @ JEH A RMNHA OPAx22x R 51 (¥ 55 1 e 7=

22pF
|
I
100kQ
10Q 9
MW
- 3 —0 Vour
Device

— Under
Test

B 7-7. W YA L
7.3.8 EMI #if}i Lk (EMIRR)

HLETHE (EMI) #0HILL (EMIRR) A T2 FHCK 8 EMI SiditE. V7208 SO 3 W AR SE i 2 e S 405 5
PSR M R R AR . SR NE HUHOR AR it B A RO B EMI SHE AR R | S8R a S A
Hiff) EMIRR Jf 7y DU BEAL . JITE: EMIRR AT HI 2 ROk se i, R AL T EMIRR IN+ , S5 5
Jite 3@ TS B FE AT SRS AT iz e bR B ARTIE EMIRR $ERE. —MfiFoe T, 00 T RUR = U
Xt FIARS A 4T EMIRR B

1. AFTRF, BHIECRAS A G EMI SO BURR | TS L RUYR 5] RS H 51 R RE B AF R IS S S

2. [FRAI A HBOR S AN BA R EAT R |, IR R T-ILACH) EMIRR PERE.

3. FE[FFHS LN E EMIRR BCAEHAb 51 R BN T2 5, DO AE BRI AL B AR (PCB) b mT LA &5 R AH S A i 5~
X S AL AR A 5 AT DL EL RN B R AR A 1 b, A2 5 AR LR BRI PCB B Z AR R R 2%
AR ELAE -
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X EMIRR IN+ 5 SCRIJUR 7 VAR IERATIE | B RN A SBOA128 (IZH AU EMI HIHILLY |, ik
CAY A IET www.ti.com.cn . OPA227 K EMIRR IN+ 540 a5 R WK 7-8 fias.

120
PRF =-10 dbm
Vg=1+25V
100 Vem =0V
o |
T
z /
c L/
T 40 A
|~
—//
20
0
10 100 1k 10k

Frequency (MHz)

& 7-8. OPA227 EMIRR IN+ 5 [H % &
AT AR X% AN Y (5 38 SO 2 B RRAS (WS T ) B LA EMIRR IN+ 488 . OPAX227 Hu {7 25 1 % A
8MHz. (£ TiZMMZF 1 EMIRR M AER RN T iz O R % NI THE S .

F 71 JBoR T OPA277 18 SRR il & 2 8 2 R @ AR T 1) EMIRR IN+ . 3% 7-1 FIH N ATE T K%
H R AR s T R N84T . AT MWLM A |, e o] G838 ) 8- Fh R S A $ i HoAd 4nas (1 4o
by BEEEAIEEST (ISM) B2k AT ) TAERGIF AN RS , E BT aeds m H 2,

2+ 7-1. OPAX227 £ H###Z T ] EMIRR IN+

B 2R I5 S EMIRR IN+
400MHz Bk, B LRIKFEIE. A%, HiE. UHF 35.7dB
900MHz GSM. " #EIE{EF1 S0 GPSJHE;: 1.6GHz ) . ISM. Fi=#3). 47 8dB
1.8GHz GSM. Bz NlfEgerm. A, Lk 68.8dB
2 AGHz 802.11b/g/n. Bluetooth® /I\}\%‘?JJ@%\ ISM. Mk RTELH/ TR, S 69.8dB
BB
3.6GHz TLkrEN . M BEMSN. TR, BalfE. S W 78dB
5GHz 802.11a/n. WiZEEM SN BIEGE. KRS TERE. C 88.4dB
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 23

Product Folder Links: OPA227 OPA2227 OPA4227 OPA228 OPA2228 OPA4228


https://www.ti.com/lit/pdf/SBOA128
https://www.ti.com.cn
https://www.ti.com.cn/product/cn/opa227?qgpn=opa227
https://www.ti.com.cn/product/cn/opa2227?qgpn=opa2227
https://www.ti.com.cn/product/cn/opa4227?qgpn=opa4227
https://www.ti.com.cn/product/cn/opa228?qgpn=opa228
https://www.ti.com.cn/product/cn/opa2228?qgpn=opa2228
https://www.ti.com.cn/product/cn/opa4228?qgpn=opa4228
https://www.ti.com.cn/cn/lit/pdf/ZHCSHD8
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSHD8C&partnum=OPA227
https://www.ti.com.cn/product/cn/opa227?qgpn=opa227
https://www.ti.com.cn/product/cn/opa2227?qgpn=opa2227
https://www.ti.com.cn/product/cn/opa4227?qgpn=opa4227
https://www.ti.com.cn/product/cn/opa228?qgpn=opa228
https://www.ti.com.cn/product/cn/opa2228?qgpn=opa2228
https://www.ti.com.cn/product/cn/opa4228?qgpn=opa4228

OPA227, OPA2227, OPA4227 13 TEXAS
OPA228, OPA2228, OPA4228 INSTRUMENTS
ZHCSHD8C - MAY 1998 - REVISED MARCH 2023 www.ti.com.cn

7.3.8.1 EMIRR IN+ JiZ /7 &

K 7-9 2R 7T EMIRR IN+ (O F BRI E o SR A0 A B 2 2 4 08 SOBOR AR RV A I 1 I8 SEOK &%
KA ah gz AR At |, L o B BICHE RIS (LPF) A1 5 F & (DMM). %12 SBOR #5346\ i PR R BHL
PURRL & S BRI RS 5 B2, 7EAE EMIRR IN+ I & RARANH & IR RN . 77 A8 1 EL 2% TR B P 7T R
FFE. LPF 0 HRSATRET-PL77 I RAE R M AUE SRETT . AXREAGER | WS e Z A1) EMI
FHEIEE STt o

Ambient temperature: 25°C

+Vs

50 Q

\<i Low-Pass Filter
9
RF source

. -V,
DC Bias: 0 V s
Modulation: None (CW) AS\/ZTapg;?n/g Digital Multimeter
Frequency Sweep: 201 pt. Log Not S’;Z;Vgl-;voa;éloi gﬁ:gm HF
& 7-9. EMIRR IN+ 3380 B R 3 &
b
7.4 FRTRetE =

OPAx22x HLA7 #.—Ihfgtist | AT7E s sl ik KT 5V (22.5V) I TAE. OPAx22x sk FLiE FLE Sy 36V (218V).
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8 L FH A St

#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 MNARFER

OPAX22x F 41| /& B A MK 7 HRS 202 HMOK#S . OPAX227 RV B AT e A eS|, K2y 2.3V/us , 7
%69 8MHz. OPAx228 #F14x 8 my i i) 5 kAT 7ML , B 5 DA LRI 2s | IR0y 10V s, Al 9K
33MHz., R ] e M A o BELAT R U O N P P RE SR LA B A R S8 AF 5 M. REHUBMLT , 0.1 uF AR CA
%3 /2 75 K o

8.2 AN A
Cr
||
I
Re
—— \\\—e
Rin

* . O Output
g l
CLOAD RLOAD
Input I

7 8-1. JLAY o ] R 2

8.2.1 fE{RIE 25 T OPAx228

OPAx228 H &M T5 5 2iy 5 BE miIN A , (5t AT AAERS 28 AR A IE B0 T A Sl 3 . AEBCH ShERh
FIEBL T, OPA228 HAT 208 KIMARRLARIE | REREAEAL P S B2k AF T IR KR AL 0 2 AR Itk . (HR |, BN fA s
HLZR T R S/ IR AR P O 3 B8 SRR B ANRE -

8.2.1.1 &1 ER

1. BUNF BVIV 251817 OPAX228
2. EREMEREREIET

8.2.1.2 £ i/ I 2

H AT C 1P 2 F 2 HI T OPA228 AMERIR . dIHIIC B 645 5 G BEIF BRI AAN r8 4% (Cr) , Il 8-2 A
8-3 PR S LA AR AEAMEE FRLER I T TP H Ao I8 SRR A\ R A RS 45t P BEL A EL A R T S B0
MITTATREIE AT RE . Cp AR R BEAT #Ma |, BORIREEIRD IR . Ah , fERIBIU | FOKES (K PR 22 52 21
NHUE NS G A A5 I LR am 20 Fe . PR, S8 e Cp W AAE DRy ey 8 D[R] I 1 £ 1R 47 RS 1

FEBRATIMBAMEIITE LT, OPA228 (1 75 ik 55 OPA227 (1 AR AHE) (M aih 6 5B ) o Hmahath
)5, OPA228 [ MR s & B . WA SN EL S Cin/Cr L3 Ffrff 37 1) v 430 P A 8 2 (10384 AR 5K

8-2 FK 8-3 Al R THIZE N 2 A1 - 2 (UNEIL RO IR . XML T Cr M BGERME . BT HMER
KAESE DI T H BT . FEBEARAT JR AR e R S 45, DRISE N Zam i sSE SR A4k Cr DME RIS SR . & 8-4 Al
K 8-6 e/~ I G =2 BLEA 100pF Fi#k AN B KAE5 F/ME S ERm N, . 14 8-5 F1& 8-7 B/ T G=-2 iLE
F1 100pF 2k FL 22 B K AS 5 A/ ME 5 B R i v
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22pF 15pF
i I
il
2kQ 1kQ 2kQ
YW YWW YW

2Q
— W -
= OPA228 OPA228
O 1 - :
L %21@ I1OOpF %21@ :|:100pF

- - v 5 '3- = -
B 8-2. G = 2 i OPA228 [i3hiz &l 8-3. G = - 2 I} OPA228 )z
8.2.1.3 WA H 2
E / E
| OPA228 | opA228 .
400ns/div 400ns/div
&l 8-4. KI5 ZHIERMIMN , G=2, CLoap = 100pF , % &l 8-5. Kf5SHrERmAN. , G= -2, CLOAD =
NS5 =5Vp-p 100pF , BIAfEE = 5Vp-p
| OPA228 0F:‘A228 ' o
200ns/div 200ns/div
& 8-6. MSSMERMBL , G=2, CLoap = 100pF , % | & 8-7. MSSHERMLL , G= -2, C_oap = 100pF ,
AfES = 50mVp-p- BMIANES = 50mVp-p.
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8.2.2 =#% 20kHz {%i& 0.5dB 1] L F Rk 2%

1.1kQ
o onf 1.43Kk0 dc Gain = 1
ff
|1 330pF
1.1kQ 1.65kQ | I
V —
N VWA 1.43kQ 1.91kQ |
—— 33nF OPA227 WA W - 2.21kQ
| + S OPA227 YW _L O Vour
- = + I 10nF
fy = 13.86kHz fyy = 20.33kHz f=7.2kHz
Q=1.186 Q=4519
& 8-8. =tk 20kHz fiif 0.5dB V] L T RIBH 2
8.2.3 KK AMRIBRHARES
0.1uF
I
il
100Q 100kQ
W W
- 2
- Output
OPA227 ——O
+

»

Dexter 1M
Thermopile
Detector

NOTE: Use metal film resistors
and plastic film capacitor. Circuit

must be well shielded to achieve
low noise.

L Responsivity = 2.5 x 104V/W
- Output Noise = 30pVrms, 0.1Hz to 10Hz

& 8-9. KIFKLLHMRIRBOR AR

8.2.4 HMEREFI DR RS
20pF
I
TTL INPUT | GAIN y
o » 9.76kQ
o W YW
Balance
5000%, Trim
Input 10kQ 2 q
o \/\/\/\ 6 Output
D1 4.99kQ —O
st
D2 I s s2
= 4.75kQ
TTL  DG188

Offset
Trim Wge

& 8-10. i t:RE RSP R4S
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8.2.5 BEHLBU R #:
+15V
(@)
L
0.1uF
L
- 1kQ
YWV

| |
1kQ | '
Audio ! !
n © WV ' 12 '
' OPA2227 !
1 :
— ! ! 200Q
: : VWA
: | L~ T
! ! 2\/(\)})\(/\) Headphone
T T
| |
| |
| |
7 |
| |
1
| |
| |
This application uses two op amps i |
in parallel for higher output current drive. [ H
T 0.1pF
—-15V
& 8-11. EHLECK R
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8.2.6 =HEFHEHHEH (KE. PENEE
Bass Tone Control
R
R 2 R
o0 , e ot
VWA W VWA
2 R1o
100kQ
YW
Midrange Tone Control
C1
940pF
1
R
R S R
2o S 27
Vin © \/\/\/\ ‘/\/\/\ ‘/\/\/\
2 C,
0.0047uF
1
Treble Tone Control
R
R 8 R
755k0 3 Sﬂﬁ ] 7.5kQ % Ru
_\/\/\/\ \/\/\/\ 100kQ
2 c,
680pF
1
K 8-12. =HEFHEHFFER (KE. FENEE )
8.3 RLJRAHREW

OPAX22x Z A4 E TAEHE N 5V & 36V ( #2.5V £ +18V ) ; LFIKEM T -40°C £ 85°C IR E L.
16 A T AT RE 2 Bl A H B A AR T AR K S 8.

CAUTION
HUR FLR R 36 V AT RE & X AR & UK AR | iE ST 6.1,

01 nF SSER A S E T AU g BRI, mTyB/b A M 7 LR B P T LR AR S R IR o AT RS54
WERNELZHAMELR , S 7 8.4.1
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8.4 i/

8.4.1 fi/H1E

N T SEBLES I RIS AT IR RE , N R 470 PCB ARl , B4 -

o MRS TT I 4 A R FLE S| A DL RS UK AR H B AR AR L . 55 LA T O S AU i AR AP
U, DAREIRAR IR o
- FEBEA FLUE S| IR s 2 TR ANARSE S5 R FERE (ESR) 0.1pF M RE 55 B8 LA | IR R BESEIL A . M
i+ FIF b S 2 [ P A 55 B R 3 T A RS
oK R AR DL 7 AN K S 0 SRR R o R BB AT AR MR A A T iRz — . R 2R PCB R Ek
ZERITWENEBZ . SR B TS BT (EMI) MR 3R I B R B Bt A bt T4
BRGE , RN NS IR ARE . AREZTRIME R |, S G 15177 (SLOAD89).
© ATEADFAEMG , IR GELII R B e 2. IR E L AR R, MBURELRS5H
Wi P A 2 T FLAR SZ LT AT B4
HMBTCAE SR BRI S I E . 1 77 8.4.2 i, A RF A1 RG 3 SR A vl e R PRBE Ml sl /)N 25 76 R
RATREARF AN EZ . VI © M E L i B h i U K 8 2
5 B AE S AE 2 JA B XA RURBHITORY IR o DRy IA RIS 28 il D PR AT A 2R AR AN R L 54 R 7 A R I L AL
FEA%E PCB Bz Jaxf HatATimns , IR Rtk Rt
ATARTAE 25 4 i LB TS 1T R DR 0B N IRt 3 v T tH B R AL . TEATRAT/K A PCB BT R 2 G, UK
PCB AU tT , LALBRIGUERNE NGB IRy REZHBET |, 168/ 1E 85°C TMRimMtT 30 BBl
CE

8.4.2 fii Rl

+
RG VOUT

RF

(Schematic Representation)

Place components
Run the input traces  close to device and to
as far away from each other to reduce
the supply lines parasitic errors VS+

as possible RF
\ Offset trim Offset trim

| v+ ]

¢ ————————1 OUTPUT
NC Use low-ESR, ce_ramic
bypass capacitor

_—————

_________________

Use low-ESR,

ceramic bypass - Ground (GND) plane on another layer
capacitor

&l 8-13. OPAX227 i [R5l
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9 SRR SCRS L Fr
9.1 B HF
9.1.1 AR H

9.1.1.1 TINA-TI™ (7 E#1E ( % # T # )

TINA-TI™ 15 B A2 — KW B 5 . ThiesR Kk HILT SPICE 53 M Bg 5 B AL T« TINA-TI 45 B akAE 2 TINA™
BRI — B R ThEE A | BT — RAN A JERERL AL | R BAEIE TR T — BRI E . TINA-TI 4
HIAR AT AL S5 SPICE B BRASAUR 4T | DA HAh % T RE .

TINA-TI 05 ARG 2T 5 AL EERE S, (ETH P L2 Moy U8558, H P Al s T B A BT e 2% R
o MR AR B N DR T SR B 05 . R AN TE RS f1 , A — AN sh &S P e 3h T A,

i

W22 TINA BRPFEE TINA-TI BPE R A REFEATIZEE S0P . 35 A TINA-TI™ BRSO R B 2R i
TINA-TI i 55

9.1.1.2 TI Z=E#

TI 22582 T RRS SRR K QN BRI TT 5. TI B U0 AL 7V 2 SEH BRI AR S B, A
. PiE. SEREEIRIEER AR (PCB) HLES I HE B AIAG /AT 4. WRHE B DA REI & 45 3. TI % Bt a4k
B, MAEA https://www.ti.com/reference-designs.

9.2 JCHYSCHF

9.2.1 AHRICHY

MBS (TI) , EERCAHRT EMI #0741t
9.3 BIRCCIE FEFTIE M

FHRWCCR a1 AU ti.com LA™ i midd 274 80 BATIENY , RIATEE R el i 5 B
B AXRELNEMGER  WEEEM OB SO RS BT iR,

9.4 SCRFBLIR

TIE2E™ SCHRFRIZ R TR E RS H TR, W HEMNEFRERE . L Bk (s Mt 7 8. RIA
B BB B OB ) AT SRAT T G B DR BT

BRI N R S TTEE AR SRt XN R IR T BORBNE |, IF BAS—E e TI IR AL 5 1521
THE CEERZE3KD .

9.5 B

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

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

FTAE TR N H % T 2 77
9.6 FrH HEE
F LA (ESD) SRR AR L o DS (TI) e UG 3 24 0 TS HS 6 A P S L RS 05 TE Ay Kb 3
A RIS | TT A SRR L
A\ ESD [t/ 3 SECHUNOPEREREZE | KT AN S PR A . R [ B PR B T RS T 2 5 SR BIRIA | R D A R A 5
$OH AT R 2 B B P 55 R A O RURS A A7 o

9.7 RiER
TI RigE AARERYI AR T ARIE. 7R A E o
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https://www.ti.com.cn/product/cn/opa227?qgpn=opa227
https://www.ti.com.cn/product/cn/opa2227?qgpn=opa2227
https://www.ti.com.cn/product/cn/opa4227?qgpn=opa4227
https://www.ti.com.cn/product/cn/opa228?qgpn=opa228
https://www.ti.com.cn/product/cn/opa2228?qgpn=opa2228
https://www.ti.com.cn/product/cn/opa4228?qgpn=opa4228
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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)
OPA2227P ACTIVE PDIP P 50 ROHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA2227P
OPA2227PA ACTIVE PDIP P 50 ROHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA2227P
A
OPA2227U ACTIVE SOIC D 75 RoOHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
OPA2227U/2K5 ACTIVE SolIC D 2500 RoOHS & Green Call Tl | NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2227U
OPA2227U/2K5G4 LIFEBUY SoIC D 2500 RoOHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
OPA2227UA ACTIVE SOoIC D 75 RoOHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
A
OPA2227UA/2K5 ACTIVE SoIC D 2500 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2227U
A
OPA2227UA/2K5E4 LIFEBUY SolIC D 2500 RoOHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2227U
A
OPA2227UAE4 LIFEBUY SOIC D 75 RoOHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
A
OPA2227UAG4 LIFEBUY SoIC D 75 ROHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
A
OPA2227UE4 LIFEBUY SOIC D 75 RoOHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
OPA2227UG4 LIFEBUY SOIC D 75 RoOHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2227U
OPA2228P ACTIVE PDIP P 50 ROHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA2228P
OPA2228PA ACTIVE PDIP P 50 RoHS & Green Call Tl N/ A for Pkg Type -40 to 85 OPA2228P
A
OPA2228PAG4 ACTIVE PDIP P 50 RoOHS & Green Call Tl N/ A for Pkg Type -40 to 85 OPA2228P
A
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
(1) Drawing Qty %) Ball material 3) (4/5)
6
OPA2228PG4 ACTIVE PDIP P 50 RoOHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA2228P
OPA2228U ACTIVE SoIC D 75 ROHS & Green Call T Level-3-260C-168 HR -40 to 85 OPA
2228U
OPA2228U/2K5 ACTIVE SoIC D 2500 ROHS & Green Call T Level-3-260C-168 HR -40 to 85 OPA
2228U
OPA2228UA ACTIVE SOoIC D 75 ROHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2228U
A
OPA2228UA/2K5 ACTIVE SoIC D 2500 RoOHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2228U
A
OPA2228UE4 LIFEBUY SoIC D 75 ROHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA
2228U
OPA227P ACTIVE PDIP P 50 ROHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA227P
OPA227PA ACTIVE PDIP P 50 ROHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA227P
A
OPA227PAG4 ACTIVE PDIP P 50 RoOHS & Green Call Tl N/ A for Pkg Type -40 to 85 OPA227P
A
OPA227PG4 ACTIVE PDIP P 50 ROHS & Green Call Tl N / A for Pkg Type -40 to 85 OPA227P
OPA227U ACTIVE SoIC D 75 ROHS & Green Call T Level-3-260C-168 HR -40 to 85 OPA
227U
OPA227U/2K5 ACTIVE SoIC D 2500 ROHS & Green Call Tl | NIPDAU Level-3-260C-168 HR -40 to 85 OPA
227U
OPA227UA ACTIVE SoIC D 75 ROHS & Green Call Tl Level-3-260C-168 HR -40 to 85 OPA Samples
227U
A
OPA227UA/2K5 ACTIVE SoIC D 2500 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 OPA Samples
227U
A
OPA227UA/2K5G4 LIFEBUY SoIC D 2500 RoOHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 OPA
227U
A
OPA228P ACTIVE PDIP P 50 RoOHS & Green Call Tl N / A for Pkg Type -551t0 125 OPA228P
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C Device Marking Samples
g g p p p
(1) Drawing Qty %) Ball material ©) (4/5)
(6)
OPA228PA ACTIVE PDIP P 8 50 ROHS & Green Call TI N/ A for Pkg Type -55to0 125 OPA228P
A
OPA228PAG4 ACTIVE PDIP P 8 50 ROHS & Green Call Tl N/ A for Pkg Type -55to 125 OPA228P
A
OPA228U ACTIVE SoIC D 8 75 ROHS & Green Call Tl Level-3-260C-168 HR -55 to 125 OPA
228U
OPA228UA ACTIVE SoIC D 8 75 ROHS & Green Call Tl Level-3-260C-168 HR -55 to 125 OPA
228U
A
OPA228UA/2K5 ACTIVE SolIC D 8 2500 ROHS & Green Call Tl | NIPDAU Level-3-260C-168 HR -55 to 125 OPA Samples
228U
A
OPA228UAG4 LIFEBUY SoIC D 8 75 RoHS & Green Call Tl Level-3-260C-168 HR ~ -55 to 125 OPA
228U
A
OPA228UG4 LIFEBUY SOIC D 8 75 ROHS & Green Call Tl Level-3-260C-168 HR -55 to 125 OPA
228U
OPA4227PA ACTIVE PDIP N 14 25 ROHS & Green NIPDAU N / A for Pkg Type -40 to 85 OPA4227PA
OPA4227PAG4 ACTIVE PDIP N 14 25 ROHS & Green NIPDAU N / A for Pkg Type -40 to 85 OPA4227PA Samples
OPA4227UA ACTIVE SOIC D 14 50 ROHS & Green NIPDAU-DCC Level-3-260C-168 HR -40 to 85 OPA4227UA
OPA4227UA/2K5 ACTIVE SoIC D 14 2500 RoHS & Green NIPDAU-DCC Level-3-260C-168 HR -40 to 85 OPA4227UA
OPA4227UAG4 LIFEBUY SOIC D 14 50 ROHS & Green NIPDAU-DCC Level-3-260C-168 HR -40 to 85 OPA4227UA
OPA4228PA ACTIVE PDIP N 14 25 ROHS & Green NIPDAU N/ A for Pkg Type -55t0 125 OPA4228PA
OPA4228PAG4 ACTIVE PDIP N 14 25 ROHS & Green NIPDAU N / A for Pkg Type -55 to 125 OPA4228PA
OPA4228UA ACTIVE SoIC D 14 50 RoOHS & Green NIPDAU-DCC Level-3-260C-168 HR  -55 to 125 OPA4228UA
OPA4228UA/2K5 ACTIVE SOIC D 14 2500 ROHS & Green NIPDAU-DCC Level-3-260C-168 HR -55to 125 OPA4228UA

® 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.
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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
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.
OTHER QUALIFIED VERSIONS OF OPA2227 :

¢ Enhanced Product : OPA2227-EP

NOTE: Qualified Version Definitions:

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
ole & olo & 0 o T
& © o|( o W
el |
L & Diameter ' '
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 0O 0 Sprocket Holes
| |
T T
ti @) | @ )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% A |
T T
=
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)
OPA2227U/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2227U/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2227UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2227UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2228U/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2228UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2228UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA227U/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA227U/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA227UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA227UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA228UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA228UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA4227UA/2K5 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
OPA4228UA/2K5 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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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)
OPA2227U/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA2227U/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA2227UA/I2K5 SolIC D 8 2500 356.0 356.0 35.0
OPA2227UA/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA2228U/2K5 SOIC D 8 2500 367.0 367.0 35.0
OPA2228UA/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA2228UA/2K5 SOIC D 8 2500 356.0 356.0 35.0

OPA227U/2K5 SOIC D 8 2500 356.0 356.0 35.0

OPA227U/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA227UA/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA227UA/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA228UA/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA228UA/2K5 SOIC D 8 2500 356.0 356.0 35.0
OPA4227UA/I2K5 SoIC D 14 2500 356.0 356.0 35.0
OPA4228UA/2K5 SolIC D 14 2500 356.0 356.0 35.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

' 5
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)

OPA2227P P PDIP 8 50 506 13.97 11230 4.32
OPA2227PA P PDIP 8 50 506 13.97 11230 4.32
OPA2227U D SoIC 8 75 506.6 8 3940 4.32
OPA2227U D SoIC 8 75 506.6 8 3940 4.32
OPA2227UA D SoIC 8 75 506.6 8 3940 4.32
OPA2227UA D SoIC 8 75 506.6 8 3940 4.32
OPA2227UAE4 D SOIC 8 75 506.6 8 3940 4.32
OPA2227UAE4 D SoIC 8 75 506.6 8 3940 4.32
OPA2227UAG4 D SoIC 8 75 506.6 8 3940 4.32
OPA2227UAG4 D SoIC 8 75 506.6 8 3940 4.32
OPA2227UE4 D SoIC 8 75 506.6 8 3940 4.32
OPA2227UE4 D SoIC 8 75 506.6 8 3940 4.32
OPA2227UG4 D SoIC 8 75 506.6 8 3940 4.32
OPA2227UG4 D SoIC 8 75 506.6 8 3940 4.32
OPA2228P P PDIP 8 50 506 13.97 11230 4.32
OPA2228PA P PDIP 8 50 506 13.97 11230 4.32
OPA2228PAG4 P PDIP 8 50 506 13.97 11230 4.32
OPA2228PG4 P PDIP 8 50 506 13.97 11230 4.32
OPA2228U D SOIC 8 75 506.6 8 3940 4.32
OPA2228U D SoIC 8 75 506.6 8 3940 4.32
OPA2228UA D SoIC 8 75 506.6 8 3940 4.32
OPA2228UA D SoIC 8 75 506.6 8 3940 4.32
OPA2228UE4 D SoIC 8 75 506.6 8 3940 4.32
OPA2228UE4 D SoIC 8 75 506.6 8 3940 4.32
OPA227P P PDIP 8 50 506 13.97 11230 4.32
OPA227PA P PDIP 8 50 506 13.97 11230 4.32
OPA227PAG4 P PDIP 8 50 506 13.97 11230 4.32
OPA227PG4 P PDIP 8 50 506 13.97 11230 4.32
OPA227U D SoIC 8 75 506.6 8 3940 4.32
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Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)

OPA227U SOIC 8 75 506.6 8 3940 4.32
OPA227UA D SoIC 8 75 506.6 8 3940 4.32
OPA227UA D SoIC 8 75 506.6 8 3940 4.32
OPA228P P PDIP 8 50 506 13.97 11230 4.32
OPA228PA P PDIP 8 50 506 13.97 11230 4.32
OPA228PAG4 P PDIP 8 50 506 13.97 11230 4.32
OPA228U D SoIC 8 75 506.6 8 3940 4.32
OPA228U B) SoIC 8 75 506.6 8 3940 4.32
OPA228UA D SOIC 8 75 506.6 8 3940 4.32
OPA228UA D SoIC 8 75 506.6 8 3940 4.32
OPA228UAG4 D SoIC 8 75 506.6 8 3940 4.32
OPA228UAG4 B) SoIC 8 75 506.6 8 3940 4.32
OPA228UG4 D SoIC 8 75 506.6 8 3940 4.32
OPA228UG4 D SOIC 8 75 506.6 8 3940 4.32
OPA4227PA N PDIP 14 25 506 13.97 11230 4.32
OPA4227PAG4 N PDIP 14 25 506 13.97 11230 4.32
OPA4227UA D SoIC 14 50 506.6 3940 4.32
OPA4227UAG4 D SOoIC 14 50 506.6 3940 4.32
OPA4228PA N PDIP 14 25 506 13.97 11230 4.32
OPA4228PAG4 N PDIP 14 25 506 13.97 11230 4.32
OPA4228UA D SoIC 14 50 506.6 8 3940 4.32
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
@
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
0010 (0.25) / ﬁ
0.005 (0,15)1 )/
/ | \
. 1 ‘ //\ | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 0-8" N L7
~_| . __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO—G14)

PLASTIC SMALL OUTLINE

Sten(cil Openings

ExampItENIz(tJ;Jrg)Layout Note D
——  ~—12x1,27 —= =—14x0,55
‘ ‘ ‘ — 12427
AN NEEN 14%1 50 AN
uuguuy * oottt r
5,40 5,40
TN,
monnnon \ NAn A AAn \
\uauudn U0ttt otd
\“//
Example

Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

.'/ \ Example
.‘ * / Solder Mask Opening
' ' (See Note E)
\ =007 /
\ All Around /

\. /

\\ /,
. -
N~ - —
4211283-3/E 08/12
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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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.
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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

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

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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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AW | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 (18.92) | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
—T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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