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PART NUMBER E B BODY SIZE (NOM)
OPA227 PDIP (8) 9.81mm x 6.35mm
OPA228 SOIC (8) 4.90mm x 3.91mm
OPA2227 PDIP (8) 9.81mm x 6.35mm
OPA2228 SOIC (8) 4.90mm x 3.91mm
OPA4227 PDIP (14) 19.30mm x 6.35mm
OPA4228 SOIC (14) 8.65mm x 3.91mm
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6.6 HSHEME: OPAX227 &% (Vg = #5V & +15V)
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Vos LN RN +5 +75 +10 +200 uv
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dVos/dT 553 B[] 156 R T, =-40°C % 85°C +0.1 +0.6 +0.3 +2 uv/°C
PSRR 55 YRR 55 R Vg = £2.5V & +18V +0.5 +2 +0.5 +2 A%
Ta=-40°C % 85°C 2 2 pvIv
55 IV ] 56 R 0.2 0.2 uv/mo
JEIE B UHIE. PYEE) Hii 0.2 0.2 UV
f=1kHz, R_=5kQ 110 110 dB
EOPN R
I LOPN iR 25 +10 2.5 £10 nA
Ta=-40°C % 85°C +10 £10 nA
los BN R IR +2.5 +10 +2.5 £10 nA
Ta = —40°C % 85°C +10 £10 nA
L
LM, f=0.1Hz % 10Hz 90 90 nvp-p
15 15 nvrms
e, AN P W 7 2 FEE f=10Hz 35 35 nVAHz
f = 100Hz 3 3 nvAHz
f=1kHz 3 3 nVAHz
in P UL 75 T f = 1kHz 0.4 0.4 pANHZ
PGS SER ]
Veu FLA R (V-)+2 (V+)-2 (V-)+2 (V+)-2 \%
CMRR SLRLHN Vew = (V2)+2V & (V+)-2V 120 138 120 138 dB
Ta =—40°C % 85°C 120 120 dB
EIUNEEE
P 107] 12 107 || 12 QllpF
Skt Vow = (V-)+2V % (V4)-2V 10°] 3 10°]| 3 QllpF
FEERH 2
Aol TFERHLE I 25 Vo = (V-)+2V & (V+)-2V, 132 160 132 160 dB
R, = 10kQ
T =—40°C % 85°C 132 132 dB
Vo = (V-)+3.5V & (V+)-3.5V, 132 160 132 160 dB
R, = 600Q
T =—40°C % 85°C 132 132 dB
BRZE ]
GBW 2 AR 8 8 MHz
SR JEFEE 2.3 23 Vips
B 0.1% G =1, 10V Kk, C_= 100pF 5 5 us
0.01% G =1, 10V Ffilik, C_= 100pF 5.6 5.6 us
T ST I ) Vin X G = Vs 1.3 1.3 us
THD+N SR IT + W f=1kHz, G=1, Vo =3.5Vrms 0.00005% 0.00005%
Eofs)
EYIRGE R, = 10kQ (V-)+2 (V+)-2 (V-)+2 (V+)-2 Y
R, = 10kQ (V=)+2 (V+)-2 (V-)+2 (V+)-2 \Y
Ta = —40°C % 85°C
R_ = 600Q (V-)+3.5 (V4)-35| (V-)+3.5 (V+)-3.5 Y
R, = 600Q (V-)+3.5 (V+)-3.5| (V)+35 (V+)-3.5 \Y
Ta = —40°C % 85°C
Isc i e LD +45 +45 mA
Croap e SRR A Wiz SRR WS MR
Zo FEER A BT f=1MHz 27 27 Q
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HAHREE: OPAX227 %751 (Vg =15V £ +15V) (BEFR)
Ty =25°C, H R, =10kQ, FRIERA V.

AT, OPA227PA, UA
s Wittt o, i
FME HAUE BKME R/AME G BKAE
HLIR
Vs AUE U VE +5 +15 15 £15 Vv
AR TG 2.5 +18 2.5 +18 \Y
lo A CEANBORH) lb=0 +3.7 +3.8 +3.7 +3.8 mA
Ib=0 +4.2 +4.2 mA
T =—40°C % 85°C
BV
BUE IR -40 85 -40 85 °C
IBATHRE 55 125 -55 125 °C
VeAF LT -65 150 —-65 150 °C
05a HABR
SO-8 KM% 150 150 °C/IW
DIP-8 100 100 °C/W
DIP-14 80 80 °C/W
SO-14 i3 100 100 °CIW
6.7 HIURFME: OPAX228 %51 (Vg = #5V £ +15V)
Ta=25°C, H R_=10kQ, BxIEHA I,
AP OPA228PA, UA
s Wittt oG, U i
F/ME JRE BKME R/AME HRUE BAME
ES LS
Vos AN R R 15 +75 +10 +200 uv
Ta = —40°C % 85°C +100 +200 uv
dVog/dT SR EZ R R Ta=-40°C % 85°C +0.1 +0.6 +0.3 +2 uv/°C
PSRR ELNAGEPES Vg = 2.5V £ +18V 0.5 +2 0.5 +2 uvIv
Ta = —40°C % 85°C *2 2 uvIv
SEEEITEES 0.2 0.2 uv/mo
IS (RGBT DUEIE ) Hik 0.2 0.2 uvIv
f=1kHz, R, =5kQ 110 110 dB
WNRE B
lg N B LI £25 +10 25 £10 nA
Ta = —40°C % 85°C +10 £10 nA
los N I 25 +10 2.5 £10 nA
Tp =-40°C % 85°C +10 £10 nA
L
MNHERES, f=0.1Hz & 10Hz 90 90 nVp-p
15 15 nvrms
en i\ HL I 7 f=10Hz 35 35 nvAHz
f = 100Hz 3 3 nVAHz
f=1kHz 3 3 nvAHz
in PR 7 i f = 1kHz 0.4 0.4 pANHZ
BN ECHE
Vem LA e (V-)+2 (V+)-2 (V-)+2 (V+)-2 v
CMRR LA Ve = (V2)+2V & (V+)-2V 120 138 120 138 dB
T =—40°C % 85°C 120 120 dB
LD
e 107 | 12 107 12 QllpF
e Vew = (V-)+2V % (V+)-2V 10°)13 10°]13 QllpF
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HASHEE: OPAx228 %751 (Vg =15V £ +15V) (B FR)
Ty =25°C, H R, =10kQ, FRIERA V.

AP, U OPA228PA, UA
s Wittt OPA2228P. U g, U i
FME HAUE BKME R/AME HAUE BKAE
FEERH 2
Aol FEER LR 2 Vo = (V)+2V & (V+)-2V, 132 160 132 160 dB
R, = 10kQ
T =—40°C % 85°C 132 132 dB
Vo = (V-)+3.5V & (V+)-3.5V, 132 160 132 160 dB
R, = 600Q
T =—40°C % 85°C 132 132 dB
P
BN B 5 5 VIV
GBW WA AR 33 33 MHz
SR iR 11 11 Vius
0.1% G =5, 10V [k, C_=100pF, C¢ 15 15 us
fevain il - 120F
0.01% G =5, 10V ik, C_=100pF, Cg 2 2 us
=12pF
T ST I ) Vin X G = Vs 0.6 0.6 us
THD+N SO T + g f=1kHz, G=5, Vo =3.5Vrms 0.00005% 0.00005%
Eofs)
A i R, = 10kQ (V-)+2 (V+)-2 (V-)+2 (V+)-2 Y
R, = 10kQ (V=)+2 (V+)-2 (V-)+2 (V+)-2 \Y
Ta = —40°C % 85°C
R_ = 600Q (V-)+3.5 (V4)-35| (V-)+3.5 (V+)-3.5 Y
R. = 600Q (V-)+3.5 (V4)-35 | (V-)+3.5 (V+)-3.5 \Y
Ta = —40°C % 85°C
lsc LK FLIAL +45 +45 mA
Croap PR IR E] Wiz SRR WS MR
Zo TEERHG HH BELAC f=1MHz 27 27 Q
LR
Vs HE H R +5 +15 45 +15 \Y
AR HUEE 2.5 +18 25 +18
lo AR (AR lb=0 +3.7 +3.8 +3.7 +3.8 mA
lb=0 +4.2 +4.2 mA
Ta = —40°C % 85°C
AT
e R -40 85 -40 85 °C
BATIRE -55 125 -55 125 °C
AT E -65 150 —65 150 °C
05a B
SO-8 KM% 150 150 °C/W
DIP-8 100 100 °C/W
DIP-14 80 80 °CIW
SO-14 Ffili%e 100 100 °C/W
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6.8 SLAUEEME
Ta=25°C, R =10kQ, H Vg=+15V, BRIAEHH UL,

180 L 0 180 \\ L 0
160 AL 2 160 TN OPA228 ||
n\ ™
140 I~ —40 140 NG -40
NG N
120 ; -60 120 G -60
\\ N \\
g 100 U | i -80 o o 100 iig g 80 o
= 80 O | i -100 $|= 80 ® g -100 &
3 N 8|3 N \ 8
< 60 : ~120 & |< 60 y 120 &
N N
40 ™ 4 —140 40 N ~140
20 ™ ~160 20 N -160
N NN
0 N \\. -180 0 -180
-20 T 200 -20 -200
0.01 0.10 1 10 100 1k 10k 100k 1M 10M 100M 0.01 0.10 1 10 100 1k 10k 100k 1M 10M 100M
Frequency (Hz) Frequency (Hz)
B 1. FFERH AR AAR AL S AR R B R F B 2. FFERHE 2R AAR AL 5 AR R B R FR
140 INPUT VOLTAGE AND CURRENT NOISE
N T~ SPECTRAL DENSITY vs FREQUENCY
120 T ™~ 100k
3
RN N\ *CMRR
@ 100 NS A
g RN o =
T g QW +PSRR | TN T Ii
x N < .
3 %\\ N Z £ ~~-Llll Current Noise
v 60 -PSRR ~NIN ® 2
NN 23
o N c 9
7] NN zZz
Q40 N < = 100
NN g
N =5
20 g0
10 = I
Voltage Noise
-0 ] -
0.1 1 10 100 1tk 10k 100k 1M 1 | I |
Frequency (Hz) 0.1 1 10 100 1k 10k
Frequency (Hz)
B 3. AL PR ANSLARNH LL S5 AR A 00 R 4. )\ v R N B 7T M 7 AR 2 R S TR [ IR 6 R
0.01 — 0.01 i T
Vour = 3.5Vrms OPA227 — Vour = 3.5Vrms 'OPA228
X 0.001 / & 0001
[s} [e}
z z
& a p
I /] T A
0.0001 A .
= G=1,R_=10kQ = 0.0001 =G=1,R =10kQ i ="
0.00001 0.00001
20 100 1k 10k 20k 20 100 1k 10k 50k
Frequency (Hz) Frequency (Hz)
Bl 5. MR A R + BB SRR R Bl 6. MR AR + BB M RPRR
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BARRRE (BT R)
To=25°C, R =10kQ, H Vg=+15V, FRIESA U
[ : : : : : : : 140
—~ 120 ™~
o N
= ™
c \
2 £ 100 NG
= T N
> a N
5 &
0 < 80
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 2 T A AN
1s/div 10 100 1k 10k 100k ™
Frequency (Hz)
B 7. SN 7S H R S I [R] TV G R 8. WIE B HIEA IR R
24 OFFSET VOLTAGE PRODUCTION DISTRIBUTION
17.5
Typical distribution
15.0 | of packaged units.
S g
@ e
=) £
S g
c <
S 8 5
& 8
(5]
&
0
0 316 325 334 343 351 360 3.69 3.78
Noise (nV/VHz)
Offset Voltage (pV)
& 9. HL KM 43 (10HzZ) B 10. Jeif B A
12 10
Typical distribution 8
of packaged units. .
3 2z 6
s o 4
[
£ Y N
= (8] T
® 0 e
o s —
£ 2 L
8 3
g 5
-8
-10
0 50 100 150 200 250 300
0 0.5 1.0 1.5 Time from Power Supply Turn-On (s)
Offset Voltage Drift (uV)/°C
B 11, R EEBF=E 16 Bl 12. TRk i i i
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JAYRFE (32T W)

Ta=25°C, R, =10kQ, H Vg==15V, FAEAE M.

160 ry 160
‘ oL Aol
150 w 150
— 140 CMRR \\ 140 — CMRR
3 Y e et g — 1|
5 130 . 5 130 =
[—
% 120 PERR € 120 PSRR
o o
o 110 o 10
Z 100 Z 100
(@] o
o 90 - 90
(e} (e}
< g )
OPA227 OPA2238
70 70 ‘
60 60
-75 50 -25 O 25 50 75 100 125 75 50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
13. Ao~ CMRR. PSRR LiREAIKI* % & 14. Ao~ CMRR. PSRR iR EAIK)* 5
2.0 60
A
15
:E 50 §\\
g 10 £ T~
= £ 40
S 05 ] ~— -
[ —_ = sc
£ — E } ~—_
8] 0 — 2 30
3 — 3
m -05 =
= Q 20
o h =
£ 10 2
]
10
-1.5
-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)
B 15. A mE B SEE KR El 16. s HBERSEENPXR
5.0 | 38
+18V L~
~ 45 —~ 36
< +15V <
£ %j +12V E e
£ L~ ~ 10V £ T
o 4.0 - = | G 34
E £
O //;/ L 5V 8 /
kS 35 — T T / +2%V “q:: 32
Q - // / - -
g —_— )
=) ;/ — // S
S 30 — L —— C 30
S| :
25 2.8
60 —40 -20 0O 20 40 60 80 100 120 140 0 2 4 6 8 10 12 14 16 18 20
Temperature (°C) Supply Voltage (V)
17. A HERGEEMPXR 18. A RS BIFRBEEMPIXR
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BAVERSE: (BT R)
Ta=25°C, R, =10kQ, H Vg==15V, FAEAE M.
3.0 ‘ —r— 12 ‘
OPA227 [ OPA228
)5 ‘ // 0 //—\\
| Positive Slew Rate — X \
- \ L~ Negative Slew Rate -
S 20 2 8 N
3 ? 2 \
£ 15 g 6
o o
: :
2 10 2 4
0.5 Rioap =2kQ  _] 2 Rioap = 2kQ |
CLoap = 100pF C_oap = 100pF
0 | \ 0 | |
75 50 -25 0 25 50 75 100 125 75 50 -25 0 25 50 75 100 125

Temperature (°C)

B 19. [E4R SR RAIK &

Temperature (°C)

Bl 20. [EARE SR AAIK &

Gain (V/V)

B 23. g7 [6] 5 PP 5 (] 1 55 2

20 1.5 T T " T T
\ \ \ \ \ \ \ . T
Curve shows normalized change in bias current Cywe shows normah_zed chan'ge in bias current
1.5 | \ith respect to V. = +10V. Typical | . mav range | with respect to V,, = OV. Typical Iz may range
P s ypeal lg may rang 1.0 from —2nA to +2nA at V o, = OV.
10 from —2nAto +2nAat Vg = £10V. om —enAlo atVew = OV.
0.5 =<
05 _ e
g g i
£ 9 S 0 Vg = +15V
o ) ~ S
3 ya < -
-0.5 S
-0.5 <
-1.0 Vg =15V '
-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 21 Fa N\ B IR AR AL YR L AT 96 R B 22, F N\ B IR AL S IR R AT IR 6 R
100 T —T T 15 ‘ V+
— Vg =+15V, 10V Step _
[~ C,_ = 1500pF 14 (V+) =1V
- R_=2kQ S 13 “a0C (V+) =2V
= ‘ ‘ S 12 125°C—=Z ———— 7 (V+) -3V
= OP‘A227‘ P g 1 85°C y ™ X _55°C
£ 0.01% 1A 2 10 e X\ |\ Y
*; nmE", 0.1% 2 10
2 =
£ 14 ] o | -55°C
2 - o.og/fA%Zﬁ ] z -1 sssc |/ A~
3 L g 125c | N A N
= 5 12 S ~40°C (V=) +3v
| [ B e} S = |\,
__— -13 —25°C (V=) +2v
-14 (V=) +1V
1 -15 \V—
+1 +10 +100 0 10 20 30 40 50 60

Output Current (mA)

B 24 i i R R S5 o PR AT SR 2R
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AR (B2 )
Ta=25°C, R, =10kQ, H Vg==15V, FAEAE M.
30 1T I T TTTT 70 T 11111
Vg = +15V OPA227 OPA2
25 \ 60 Gain = +10
E 50 / A
> 20 :’\o\ /
o 3 40
g 15 8 /
) @ /
=t 5 30
2 10 Vg = 45V 3 /
3 N\ 20 Gain = —1 / Gain =-10|
5 NN 10 Gain = +1 N/
| | Ll _:;ﬁ'
T N A
0 0
1k 10k 100k 1™ 10M 1 10 100 1k 10k 100k
Frequency (Hz) Load Capacitance (pF)
25, f K R SR 1R R E 26. M55 HEBAERFIRXR
' ' ~ OPA227 OPA227
P9 £
Q
Sps/div 400ns/div
G=-1, C_ = 1500pF G=1, C = 1000pF
E 27. K55 HriEkmipi E 28. /ME SR B
- 30 SE—
OPA227 Vs =215V|| OPA228
. ) \
: \
$ 2
= [0)
k) g 15
> =
£ S
o 2 10 Vg = 45V
3
5 N q
\\\_
0 L
1k 10k 100k 1M 10M

400ns/div
C. = 5pF

B 29. /IME S B iR B

Frequency (Hz)

30. FKH Y LR SR [A] (55 &
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HAEE (BT )
Ta=25°C, R, =10kQ, H Vg==15V, FAEAE M.
70 T T T 1117 : |
OPA228 - OPA228
60 TR
50
9 G =-100
5 4
E® )
5 30 5
3 G =+100
20 7
G=+10 / )
10 »
e /
0 l
1 10 100 1k 10k 100k 2us/div
Load Capacitance (pF) G =-10, C_ = 100pF
E 31. MBS S H I BEARIIKR 32. KI5 5 WHrigkma 57
OPA228 OPA228
= >
S S
£ y £
g g
N N
500ns/div 500ns/div
G =10, C_ = 1000pF R =1.8kQ G =10, C_ = 1000pF R_ = 1.8kQ
33. /M35 Hirigkma B 34. /M5 Hrigkma B
100
80
70
60
50
S
(]
2
8 30
a
E
20
10
1k 10k 100k M
Frequency (Hz)
 35. FF ¥t BB
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7 VE4H Ui

7.1 MR

OPAX22x Rz F KA HARME R L B8 w7 8 I moks BE SR, (R 72 [RI A 75 S i AOORG % BV e e R (g AR
P, OPAXx227 B FaE A 2s it B mEIER (2.3V/us) M5 (8MHz). OPAx228 4t%f 5 il 5 k)
PIERHE 3G 364 T T A0k, FREROLE S A3 E DL & 10V/us R A1 33MHz 5 % o

7.2 DiRerER

Input Offset
Adjust
(OPA227 and
OPA228 only)

! |

+IN ——+
AN - | Output

Input Offset L
Adjust Compensation

(OPA227 and
OPA228 only)

7.3 ik B

OPAX22x # I BATRE AR, JFHA S M BUESMa AL S, TR As T4 00 NS, 8 SR e
LB P GT LR N T o, AT RERG 2R R B R aS S AR F S . K2 HB UL, 0.1uF HZRES O A2 53 2

7.3.1 R HERRE

OPAx22x I BA AL HARM K BEARE . N T BRI R I ERRS R, N RERAD R AU . ERAF
¥ W] RE 2 AR 8 HBOR AR I A\ B R A, X PR AR T I AR P e o XS R L RN FT RE R I TR 4%
WA RS, IR A PR RE . B A ORI A o AR SSARSE, T DA BRI e 3. et

o DREFS PN S5 2 8RB (1 R AR L

o ARIRIRIR T REL B OGN RIS

o CRHSHETBORS AR S (v 20U AL D B

732 TAEH#E

OPAX22x ZFVIZF UKL £2.5V 2 £18V HUEHE NSl (M RE . 2 Hos RSO — DMIUE il

[, OPA227 ZFNWAFTARE, % AT RYEsLbs N BA AR E B, A7 4REM T £5V & £15V
AR HRVER . X T 25V & 16V HHERVEE A K M, FTHRORTT SR . A48 A AT EARSE A IE ke
YRR E . AR AN R B S . OPAX22x R A as A SCHRF I AR o IS Z IR0 BV, ey 36V. i, 1B
JEFTBY 25V, TAHRIERT O BY, B . AN, FESHRAERE TIRRETER (-40°C %= 85°C) WfiE
1o JAVREPE TP RoR TR A H T R AR AT 2 AR S

7.3.3 KifHEIHE

OPAx22x RN HOLEEE, RAARRARIR M i MRS, RIS H M # AR ZAMB MR . =

#&, OPA227 Al OPA228 CHEIEfRA) LS 1 A5 8 EARALKIH A B EER . WL K 36 FraciEs s
A AV AT A L o XA B B I BRs SRR AR AR RS o AN A AT A BERAMEAE R G rp Ho Aty
PR A BRI 2 SR R RS .
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FetE B (T IN)

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.
— 01k See text.

K 36. OPA227 Jiffi K155 i %

7.3.4 FANLRP

OPAX22x fli TS 521y S (S RIE 37) BTN . TR A BRIEER, @i iX s — A 1) S8 R
i kIR 2 SRR NG W . WA SN IR BB RS,  F RS E AT BRI . N LA
JE AT REXT UK Bt R A . BARIZF T AT AR ARG R, (B NS B . VRS g s 45 B B ] R 2 R AEAR
1k

Re
500Q

YW

OPA227 Output
+
Input O—

K 37. fkiigfE

i OPA227 1N BN 25 a8 (BRBESS) I, Hi NS5 % 20mA. 33 T DAt N — > 5t v L%
B AN B TR P BSOS AR 24 50 1 TSR 5 A H LB
Rx = Vs/20mA — Rsource

Hrp

Ry G M BB, BUEIEARI RS T (1)
Bk, %T 10V Bk (Vs = 10V), SFRER 220 500Q. dnBIEFHHTE S K, 2 LA EAT IR BIR, A
AN BEL B o AT AR A1 R BEL 3% 1 KN A IR AT Al £, RO BTSSR, ARMEHRNEZER, S
) L BB 36 1 e 7 i 34y T 37 o TSI PR U S L FH 2R 1 o 45
7.3.5 HAWE HEREE
OPAX22x Z 51 K N\ B L IALLE P 35 F AR 25 ELAH S BV B B AT M o A3 BG4 N B FEL L A2 i N T B L
THER IR Z A 258 . FR A N B T DU IE A B 7
PLIX o 20 5 O B EE AR, A N s AR N AR A S TR EELIR R BSOS . S T TR B N i BB R I S T T VAR )
FELES (il 38 Fian) » SEBr AT RER N m AL AE s, DRI AR SR A7 A .
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FetE B (T IN)

Conventional Op Amp Configuration

Ry
R, YW
——O
Not recommended
for OPA227
Rg =R, [| Ry External Cancellation Resistor

Recommended OPA227 Configuration
RZ

YW

~__ No cancellation resistor.
See text.

K 38. H A B HH R

7.3.6 MEEMERE

P 39 SR TR FH A7 1 o I B A2 SRR B3 A6 A5 FH AN [RIR BB A 0 rL i i s (TS S i FLBEL B IR 28, [RIBEAS = AR
BAMERE) o B ER T A AFE IS EBOCES, JEHE TR S, OPA227 A JEH (KA HEER S, ik
P IESMRIREST UNT 20kQ) o RS HBONE OPA277 BAM S — e R, (H R LM S (.
AR EE R EYRIEPT (10kQ & 100kQ) Nt B pyiE A PEGE. T 100kQ B, FET FiANEHBOREs (an
OPA132, HAIEERMBREES) mlatamtEae. A K 39 A AR H A HEEEES . e, = KBRS, i)
= MR, Rg = JEBHPT, k= BU/RZEHE = 1.38 x 1072 J/K, 1 T NIFRIREE. A I THEME s ()T 2 VE40(E
B, BSREAMSE T,

1.00+03

Eo A

4
Rg \ ‘| L

1.00E+02

- LA de="g opA277
LTI orA277

OPA227 /j |

1.00E+01

i
il
5= Resistor Noise:
[— >

_~ I
Eo?=e,”+ (i, Rg)* + 4kTRg

Typical at 1k (V/VHz)

Votlage Noise Spectral Density, E,

1.00E+00
100 1k 10k 100k ™

Source Resistance, Rg (Q)

39. KA AT 25 22 pPASTC B Y OPA227 FNg s 1t e
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FEME 08 (T N)
7.3.7 HEABEEIME

fERIR 7 3 SO A LB R BT I U202 e 2 Al T RE MR P R (5 SRR 7S L e SEOR A 7 2R XM 75 B S A5
2% A AL RO o HL B P R T A I S 0 R 1T AR

P BH T LB R 707 A p PR P 5 e B AR AE B . 181 39 SR 1 iz pki Bl il TURPHPTE W B ltk, 7
I 3 A TR A B 15 L B8 R foe K BR P FRARE AT T A M P T R AR N 70

Kl 39 o 1R I 2 N0 B K8 SO A A AN RIRFHL U (1 e s S S St R PR k%, BRLMAS ™ A4k
FIMEFE ) o 3 SRTBOR AR A B e (R I 7 A P M P - B R LU A B PP MR P O 42 T P T I AR A .
TP 7 U Nl L PR AN AR B A, AR AN R IR BT A A R R e PRIk, R E N IS SRBOR
o A B AR A R TR o DR P BUBARRIN, U A m] 2 AN T, R IR MR R L 12 R PUR RI,  H
FHRE S E T

K 40 IR 1 BATHE 85 0 SOR AL R RIS SSOR A FRLBRIC B . AE A SR 0 Fe R IC B, St % L L R e A
P o IBFLORAS I IR P 2 5 BB B & AR SN, BT AR AN e . T e A I Y S A LR
fE (R L YRR E BME AT DUR 2 B 7 RGBT B A 3K
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FetE B (T IN)

Noise in Noninverting Gain Configuration

;\{N Noise at the output:
Ri EZ= 1422 2e2+ e+ e+ (i R2)2+ eg*+ (i RS)21+& :
WA - RiJ ™ " " R,
i O R, .
+ Where eg = V4KTRg * [1+S=|= thermal noise of Rq
Ry
RS
€,=V4kTR; R = thermal noise of R,
Vg Ry
—= €= VAKTR, = thermal noise of R,
Noise in Inverting Gain Configuration
R, :
Noise at the output:
W '
2
JF\{}\f - Eo? =1+ R, e+ el+el+ (inR2)2+ eg
R+ Rg
—OFE,

+
Where eg = V4kTRg * Ry = thermal noise of Rg
Vg R+ Rg

= — e = VAKTR, ( R, ) = thermal noise of R,

Ri+Rg

e, = V4kTR, = thermal noise of R,

For the OPA227 and OPA228 series op amps at 1kHz, e, = 3nV/VHz and i, = 0.4pANHz.
Kl 40. H2SACE PRI S THE
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FetE B (T IN)

Ry R, Rg Ry
\;\l\;\? 2\/“\4/\(;\ 402kQ 178kQ
R, R,
1kQ 9.09kQ
c C, -
1pF 1pF U1
| [l N =
' 1 (OPA227)
Input from _
Device Rs =
Under 634kQ

Test

K 41. £ 0.1Hz & 10Hz H#7 i@ B 28 KM OPAx22x &)

A
22pF
||
I
100kQ
'r—\/\/\/\%l
10Q P
— W
- 3 —0 Vour
_,__ Device

— Under
Test

B 42, M7 I FL %

41 Bor T TR OPA227 Al OPA228 I ) 0.1Hz % 10Hz i e o . IR s H PR A0 220 A3 28 ()
FilterPro %At (Ali@ I www.ti.com 3B #iti. & 42 Bon 7RSS 75 1 OPA227 1 OPA228 it & .

7.3.8 EMI #ifilLt (EMIRR)

HRL T3 (EMI) #1H]E (EMIRR) #53A 738 B2 EMI Uit . Y2218 SO E 3 WL AAS RS20 2 b S 5

B S E A S AR . R N RR RE T A S i d B EMI SRR E R L, KRS AR E

] EMIRR F£iH 4 DA &AL, & EMIRR W Z2 M7 3CR M, (HAART 2324 T EMIRR IN+, 45515 5 it 0

FIEFBOK 2B F ARG N SIS, A48 P Z 38 An Sk BAA G R EMIRR RS, —MIEM N, AT AT = AU R [E

A% NHEAT EMIRR )3

1. ARFTRIA, BEBORIHEAN G XS EMI S BU, 305 b s Ys 51 Bk 51 B RE 58 4 Mol 1E S 005 = .

2. [RIFAFN SR IS FROR s 4 N B X AR A Jay, FER I LT UCEC A EMIRR P RE

3. TE[FH S| _EM & EMIRR LLAEHAD S| B &2 5, RONTE R AR (PCB) Rl AR 25 [H) AH 46 A i 7
TP B A S AT 5 ] DA BRI B R AR A N b, A S S HAR A s et PCB B2 M R AEE R
FIAE EAEF .

WFEAH K EMIRR IN+ & SRR 7 B HE, 15S RN RS SBOA128 ( (IBHHUAZER EMI H11)

tby , AT www.ti.com.cn FEUI IR . OPA227 1 EMIRR IN+ 58 A] 55 R E & 43 Fis.
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FetE B (T IN)

120

Prr =-10 dbm
Vs =125V
100 fvey=0V

8
N

EMIRR IN+ (db)
[o2]
o

N

S
A\

N\

N
o

0
10 100 1k 10k
Frequency (MHz)

K 43. OPA227 EMIRR IN+ 5% a]ff) 2% &

AT AT XU DY B 12 R A 28R RA. CinieT HD BA JLFAHALR EMIRR IN+ 8. OPAXx227 Huf7 48 25 417 96 N
8MHz. & T1ZH%EH EMIRR At RRAFAEN T I8 UK Es % NI TIE 5

%1 SR TAESEr N & E BRI R EME T OPA227 [ EMIRR IN+ . £E % 141t B8 FH al 48 S B4 H
RS S AR B T AR NIz 4T . 245 B T7EIX Se S8R B A MZEAH e 81 N 53 B3 76 At v e 38 31 4% Fh
Tk Bl2AFIEEST (ISM) JCZRHATURT ) B AT 30 A A8k A A et N\ B2 mT e 4G .

F 1. OPAX227 7E HAsHiZE T HI EMIRR IN+

AZR NP 143 S EMIRR IN+
400MHz B, B3 PRIKTHE. AR, FiA. UHF 35.7dB
28 E A i R=m 2R FL T
900MHz GSM‘fE&ﬁb@&J%@UGPSijﬁflﬁGHz)\ISM\ﬁwriﬂﬁ\ 47 8dB
1.8GHz GSM. MABFEE . TA. LR 68.8dB
2 4GHz 802.11b/g/n. Bluetooth™, 4‘}\7‘]‘;%%@1%\ ISM. MR TELH/ T2 69.8dB
S W
3.6GHz TLHBEN . FiT@E/FNM. TR, 83, S 78dB
5GHz 802.11a/n. iz B E/ Tl BaEE. KT/ TEEIE. C HE 88.4dB

7.3.8.1 EMIRR IN+ #lli:{E0 &

K 44 Sor 7 AT EMIRR IN+ (S EC B o SR A AR S 24 232 SRS R A i o 1238 50K A%
KA R b A Ha 4, o H i BB B A (LPF) A4 5 ISR (DMM). %38 BBCR 2% A\ i 14 KB
PURBC = PECRIE S s (HAE, {E6E EMIRR IN+ I S RAEANZE RERXR RN o 7775 ¥ B 2% U Fi Hs 1h 75 PR
FFME. LPF KA MRS TBET Y00 R ROR UG SRR EIT. AREZHEAEL, 1§25 SBOAL28.,
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Ambient temperature: 25°C

+Vs
50 Q { Low-Pass Filter
%
RF source

DC Bias: 0 V

Modulation: None (CW)

Frequency Sweep: 201 pt. Log Not shown: 0.1 pF and 10 uF
supply decoupling

Sample /

Averaging Digital Multimeter

+

K 44. EMIRR IN+ JI3ATR B FH K

7.4 FHIIRER
OPAx22x B A H—IhReiis, WIfEdBFHIE KT 5V (#2.5V) I T/E. OPAx22x [# KHLJE LN 36V (£18V).
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8 NFIAISEEL

PLR B 330 BAE T TG, T AL AER R S8 M. T R R 5T
e A RS EN THNM . 27 NG IEI AL o 2 W R e,  LAitR R ST RE -

8.1 MHfER

OPAX22x Z 51| & B A M AR 5 RS 258 SRR 2% . OPAX227 RV AR E B 1025, EHEE Ny 2.3V/us, %
A 8MHz., OPAx228 ZRH4t %t mid FE i M #H47 Tk, B 5 M5 S iih2s, JEEE%AN 10Vips, 5N
33MHz. £ KA e e el BT s R O SR R, ) R 75 B R S RS SR I 2R 5 . KB HUE LR, 0.1pF
IR TR AT Pk

8.1.1 = 20kHz i 0.5dB ] LL S Kk %

1.1kQ

2.2nF 1430 dc Gain =1
H WA
I 330pF
1.1kQ 1.65kQ |
Vi MW= L
1.43kQ 1.91kQ
—— 33nF OPA227 WA VVY 2.21kQ
V
* —— 68nF VVV O Vour
- — I 10nF
fy = 13.86kHz fy = 20.33kHz f=7.2kHz
Q=1.186 Q=4.519
Kl 45. =#k 20kHz fiif 0.5dB VI HLZ K e
8.1.2 KK IMRIME AL
0.1uF
|
I
100Q 100kQ
W
) 2
- 6 Output
3 OPA227 —O
+
\\\\ NOTE: Use metal film resistors
Dexter 1M e . .
. and plastic film capacitor. Circuit
Thermopile . )
must be well shielded to achieve
Detector )
low noise.
Responsivity = 2.5 x 104V/W
Output Noise = 30uVrms, 0.1Hz to 10Hz
Kl 46, KFEKAIMRNZSHOK S
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MAGEE ETR)
8.1.3 mMREFISMAAE
20pF
I
TTL INPUT | GAIN "
— 9.76kQ
R »
Balance
5000 %I Trim
Input 10kQ 2 <
o \/\/\/\ Output
D1 4.99kQ O

Y
D2 I . 82
1
TTL DG188 .
1
1

In Offset
Trim e

K 47, mtkRER D g R A

4.75kQ

8.1.4 HHUBCKE

+15V
(@)
._—LIo.mF
- 1%Q
R B
KO !
Audio |
n oW — -
' lopa2227
N e s
— ' 2000

To

200Q Headphone

=

This application uses two op amps
in parallel for higher output current drive.

-15V

48. HAHUBCKER
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RAEE (T R)
8.1.5 =MiEshFiHEHR (KEF. FHEMETE)

Bass Tone Control

www.ti.com.cn

RZ
R, 50kQ Ry
7.5kQ oW 7.5kQ
2
R10
100kQ
Midrange Tone Control
C1
940pF
||
I
R
R, S R
kQ 6
2.7kQ 3 fﬂwf ] 2.7kQ
Vin O YW W WW
2 C,
0.0047uF
||
I
Treble Tone Control
RB
R, 50kQ Rq
7.5kQ 3 —ow— 1 7.5kQ Eg Ry
W e 100k
2
Cs
680pF
||
I

K 49. =MEahEEER (RE. PENEE)

8.2 HLRINH

RIN

’ QO Output
+
Cioap Rioap
Input I

K 50. s R E A

8.2.1 WilERK
1. BI/NF VIV 353517 OPAX228
2. AR EIEIT
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AN (T R)

8.2.2 VEMMIHRAE

8.2.2.1 &Kz F1#H OPAx228

OPAx228 A& 55125 5 5 i NA , EHA] DR BARIE 25 N A El e 3. 7E3A AT A ME f 15 i
T, OPA228 EA W KHIFMIAREE, REAE 2l b 63k S5 N ARFR A I 2 R M. (HA2, s sl g
SRR FE H S EUE HCR B AR E o

H il CiP 2 % T OPA228 HIAMEHIAR . S I B AL 5 S ot rE B BRI Ao 25 8% (Cr), Tl 51 A1
52 Fiomo 12 FEL AR 2 AEAME2 FELER IS F T AN H G 33 SR 3% B N L2 AN sz ot FEL B 28 A B4 i S B0rE A%
M AT BEIE AR E » Cp XN AT M, FRBREIRA . b, TERMR, ORS00 PFIIA1E 25 52 34
NH A R 2 i bR g sm Z s . R, 8P Cp vl DULE LR s i) [A) i A 1R R i A e v o
TEBAT IR AME S LR, OPA228 I S #ilkg 5 OPA227 [ A AH IR (258 5 {5 D o BImAMBHh
£2J5, OPA228 [P)fr Hi e pof 2 o iy, WA 18 N BEL#E 5 C\W/Cr EL 3R AITHf 37 (14 v A0 A A 18 2 PR 186 o B AH 5% o

K 51 FE] 52 43 TN 2 F1 =2 FOREO0 T RIS . IXSEEIERGE T Cr M BUEMME .. BT MR K2
B EEC T R T FERARA R AR, TR Cp NAZIE I S BE T AL DB SRS AR AR . 1K 53 AlIE] 55
BIRTE G=2HE N 100pF A AEREZEM FHRRESA/IME SR N . K 54 fE 56 B/ TEG=-2H
J 100pF f g LA AT T KA 5 FV/IME S B R B

22pF 15pF
I I
2kQ 1kQ 2kQ
o W WV YW
LW o C;PA228

== OPA228
O 1 = *
% 2kQ I 100pF 2Q I 100pF

K 51. G = 2 i} OPA228 [f1%M K 52. G = -2 i} OPA228 %Mz

8.2.3 NIk

Z =
Lol § . . / . . . ] Lol
OPA228 omnzs
400ns/div 400ns/div
Kl 53. KIESMERmAR, G =2, B 54. KIESHEEMIRL, G =-2, CLOAD = 100pF, #AES
CLOAD = 100pF, ﬁ]\ %‘D? = 5Vp-p = 5Vp-p
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BN (T R)

25mV/div
25mV/div

HiEne e

| OPA228

OPA228

200ns/div
B 56. MESHERR, G =-2,
CLoap = 100pF, #iIAfES =50mVp-p.

200ns/div
55. IMESHIERER, G =2,
CLoap = 100pF, #AfES =50mVp-p.
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9 HEEW

OPAXx22x ZRFIHIE TAEHEGEZ 5V & 36V (+£2.5V & +18V) ; Z%s{h7E —40°C £ 85°C WL /S BN G £
FhanAk . HTHFPE: OPAX227 %41 (Vg =25V £ +15V) /4 | il fe 2B TAF B i BRIE E B9 AR 4k 1T 2 2 281k

CAUTION
HUJR FL BRI 36V T b X R ARG UK AR 165 5 40T i A BIE -

B 0.1pF S5ER A S E T AV BB, 7T dels b M e M 7 L 0 s FEL B PR R PR B E SRR 22 A R S5 B U BRI
BEREZHAEE, ESHAMARIER.

10 #iJH

10.1 AifmtEwE

N T SEBLS R B AT YR RS, NAEH] RUFR) PCB A RAE, 4.

o DR ATHE 4 E PR B PR G B L RO SETBORAS E B AR AR LB . 55 I F R O SR B ASEAUL R B AR (A BT R,
T BRARAR SIS
—  (ERRAS RG] ARG 2 (SR ESR 0.1pF P55 i i mas, TEM BREREILST. N V+ Bl

{1 B 55 It P AR A I L TE L N

o R LS A RDURT R 7 A 0 B I R A ] BT B AT R MR S I 9k . 2R PCB il — R R[]
PENEME . Bt 24 B T B A S R4 (EMI) MR o B CRXT B Bt AR I B b AT B RR B, (RIS
BE MR . BREZEMEE, HSH (SR HHE5) (SLOA08Y).

o ATRDFAEMG, IR AGELIR T REIE B B 1B . WIRRASELR AR, NBURELSH

g P A E 2 T FLARAC LT AT BE AT

HMBLAAEI AL BN R BRI 8. A s BT R, A RE AT RG 53 SO i N AT e R PRRE M sl )N 25 A R

RATREARFE AN EZ . YIid: A EL A i i P iR UK 8 23

5 EAE QB AL 24 ] B € KB BRI FH BT ORI 3 o SRR T I8 25 Ul D RS A AR AN TR] L 38 T 7 A 1A G P

RS AENERE, ERIAEAL2E PCB MRS 3T IRV

AEART RS A PSR B T RE IR 0B N SRR 3 rh i s LR REAR AL . 1SR AE(T PCB /KWL e, &K PCB

HAPT, DLLBRIGUERNE NGB P HIK > RZHEL T, HBEALE 85°C MM T 30 70 BFRIT .
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10.2 A Al

VIN— +
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

|
1
v+ H:QGND
|

v i
- —————