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8.6 BSHFMH
M T,=25°C B} , Vg = #2.25V Z +18V , Vo = Vour = Vs / 2, R, = 10kQ & Vg / 2 ¥iE , BRIEB H5EER,
B8 iR \ B/ME BAE BAE L Xi]
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= , = z, =3. s =
(o) RMS L _126 dB
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BS54 (continued)
% T,=25°C B}, Vg =+2.25V E +18V, Vou = Vour = Vs /2, R, = 10kQ 5 Vg / 2 #8iE , BRIEZSHEEA,
BB \ WA \ 8/ME RAE gAE| 24
FFEF 8%
fr\/A—i th?ngg/sgé (V+)-0.35V , R =10kQ , 108 130
AoL FFERE R 2 dB
(V-) + 0.5V < Vo < (V+) - 0.5V, R =2kQ , 118
Ta =-40°C £ 85°C
i
I =+1mA (V=) + 0.1V (V+) - 0.1V
Vo RPN EEREEE | Vs=36V, R.=10kQ 70 90 mv
Vs=36V , R =2kQ 330 400
Zo FFER% BRI f=1IMHz , Io = 0A 60 Q
lsc SRR IR +75 mA
Clonp BRI BN HBES PF
IR
Vg FEBREBE 4.5 36 \%
o SAHABRBEER |0 Lo il
lo=0A, Tp=-40°C £ 85°C 2
BEE
MERETLE -40 85 °C
IFREERE -55 125 °C
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8.7 BRI : BRFIE

Table 1. BBE4SAE YR

18 E
RBBEFRDH Figure 1
REBEBEZEBDH Figure 2
RBBEESEBEEENRR (Vs = £18V) Figure 3
FRBEESHEBERMNIR (Vs =£18V) Figure 4
RBEESHEBERNXR (TR ) Figure 5
mRBEBESSHRAINXR Figure 6
RAREREREHAEBEEENXR Figure 7
MARERERSBENXR Figure 8
RMEEEEESHEBREANXR (RKBR) Figure 9
CMRR #1 PSRR S#iEEINX R ( S AEX) Figure 10
CMRR EREHMXR Figure 11
PSRR 5BERMXR Figure 12
0.1Hz = 10Hz {7 Figure 13
B R IR S L B SR E X R Figure 14
THD+N b ESREH X FR Figure 15
THD+N B BRI X R Figure 16
THD+N E3=E B X R Figure 17
THD+N EfE{ERKIXR Figure 18
BABERERERNXR Figure 19
BABERERRBEERNAR Figure 20
FRRE R MM SRER KR Figure 21
ZikZS: Fa =gl e Figure 22
FHRERSREBNRXER Figure 23
Fogm R SMERNXR Figure 24

PMEESIHREREABENXR (AHES KN 100mV )

Figure 25 , Figure 26

NSoE-47%-} Figure 27 , Figure 28
A HEE Figure 29 , Figure 30
MEBSHERIERL (10mV , G=-1) Figure 31
MEBSHERIMERL (10mV, G=1) Figure 32
MEBHERIERL ( 100mV , G=-1) Figure 33
MEBHERIERL ( 100mV , G =1) Figure 34
RESHMERIER (10V, G=-1) Figure 35
RESHEEE (10V,G=1) Figure 36
RESRERE ( 10V EREK ) Figure 37
REESRERE ( 10V ABEK ) Figure 38
TR Figure 39
EREREBERNXR Figure 40
BRAHEBEESMERNAR Figure 41
EMIRR 5S8R FHXR Figure 42
BESESMEEMNRXR Figure 43

Copyright © 2015, Texas Instruments Incorporated



OPA1688, OPA1689
ZHCSE47 —SEPTEMBER 2015

13 TEXAS

INSTRUMENTS

www.ti.com.cn

8.8

SRRV

Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #3iE , C_ = 100pF , BRIEZB S 5ERA,
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Figure 5. RBBEESHEBERNXR Figure 6. B RESBRENXR
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BAAEM (continued)

Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,

12 ‘ 8000 T
R | .
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—~ / ~
< 8 — — < 5500 ff
~ | ~
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5 | I 5
O 4 N O 3000
9] 12}
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Figure 7. IARE B RS R EERB XK Figure 8. AREBBRSRENKR
(V+) +1 ‘ T ‘ ‘ 140 T
V+) 25°C g CMRR
V+) -1 = — +40°C S35 120 ‘
(V) ] e g9 T PSRR+
(V+)-2 ) ¥ =¥ 8=
S (v+)-3 AN ~ & 100 ~ \
= 125°C | N \ S c
3 (V+) -4 7‘ ‘ - 85°C 1 \ \ 1 5 2 80
£ (v4) -5k ' g 23 i
Z (V)5 : T € X PSRR- NN
Svgea | e [ /\ ) | g5 o
3 (v)+3 | 125°C ! ~ /&/ 3 (% 0 !
(V-) +2 — 4 > S
\4 — — EQ
(V-) +1 == +40°C E3 20
(V=) —-ﬁ"‘ = 25°C | o
(V=) -1 . 0
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Output Current (mA) Frequency (Hz)
Figure 9. B EEESWMHBRENXR (RAER) Figure 10. CMRR #l PSRR SR E <R
( BMAMEX)
20 10
g / g |
>
e’ / Z s |
fg 20 Ve=£225V,-2.35V < Vey £ 0.25 V /I £ I
c Y T 6 |
8 / S |
.gJ_J. 10 .21)_3. 4 ]
o jJ)
© x |
8 4 _2 2 A
z 0 B s — = E3 4 .~
: ?
£ Ve =18V, 181V Vg, <16V g 0
S c
(8]
10 | [ | [ | >
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Figure 11. CMRR SR EHMX R Figure 12. PSRR SiBEHMXR
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BAAEM (continued)

Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,

500 nV/div

LI 1 ¥

Time (1 s/div)

IIEEIEF = 1.70 WVpp

Figure 13. 0.1Hz & 10Hz &7

Voltage Noise Density (nV/VHz)

1000

il

P

10 ~ ]

0.1 1 10 100 1k 10k 100k
Frequency (Hz)

Figure 14. AR ERFEHIERESHRAERHRR

Total Harmonic Distortion + Noise (%)

0.01 -80
G = +1 VIV, 10-kQ Load

G =+1 VIV, 2-kQ Load

G = +1 V/V, 600-Q Load
— — = G =-1V/V, 10-kQ Load
0001 - VIV, 2-kQ Load -100

— — — G=-1V/V, 600-Q Load

0.0001 -120

0.00001 -140
10 100 1k 10k

Frequency (Hz)
Vour = 3.5 Vgrms , BW = 50kHz

Figure 15. THD+N LbE5AREIH X R

Total Harmonic Distortion + Noise (dB)

Total Harmonic Distortion + Noise (%)

L G = +1 VIV, 10-kQ Load -40

G =+1 VIV, 2-kQ Load
0.1 — — = G=-1V/, 10-kQ Load
— — =G =-1V/IV, 2-kQ Load

— — — G =-1VI/V, 600-Q Load
G =+1V/V, 600-Q Load |

&
S

001 P

0.001 \\ -100
0.0001 \\ 120

0.00001 -140
0.01 0.1 1 10

Output Amplitude (VRms)
f=1kHz , BW = 80kHz

Figure 16. THD+N S HigERMAX R

&
S

Total Harmonic Distortion + Noise (dB)

Total Harmonic Distortion + Noise (%)

0.1 -60
— — —=G=-1,16-Q Load
— — —G=-1,32-Q Load
— — —G=-1,128-Q Load _
- y v
0.01 G =+1, 16-Q Load .80
G = +1, 32-Q Load =
G = +1, 128-Q Load //
7/
0.001 // -100
0.0001 -120
10 100 1000 10000

Frequency (Hz)
Pout = 10mW , BW = 80kHz , Vg = +5V

Figure 17. THD+N SR E xR

Total Harmonic Distortion + Noise (dB)

Total Harmonic Distortion + Noise (%)

N
01 NN

N
\\\Q/ Inverting
0.01 NS
N
Noninverting N N

Total Harmonic Distortion + Noise (dB)

N~
0.001 16-Q Load N s -100
N
—— 32-Q Load Qj i
—— 128-Q Load =
0.0001 -120
0.001 0.01 0.1 1 10

Amplitude (Vgys)
f=1kHz , BW = 80kHz , Vg = +5V

Figure 18. THD+N SigHE xR

12
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BAAEM (continued)
Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,

2 2
1.9
-
1.8 1.8
/ L ~
V,=t18V |_— 1 17
16 16
< | — <
E L — — | v.=:225V E1s
-© // A e /|
1.4 1.4 :
1
1.3 L
)
1.2 1.2 :'
1.1 ;
H
1 1 -
-75 50 -25 0 25 50 75 100 125 150 0 4 8 12 16 20 24 28 32 36
Temperature (°C) Supply Voltage (V)
Figure 19. B#SBERERERMXR Figure 20. @SB REHRBERNXR
140 180 25
120 PO 20

100 \ \ 135 15 \\

}< Open-loop Gain 10
/ Phase 5 \
90

0 -~

40 \
\ N N 5 N

20

80

60

Gain (dB)
Gain (dB)

Phase (°)

-10 G=+1
0 -15 G=-10
-20 0 20 L—=—=6=1
1 10 100 1k 10k 100k M 10M 1000 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
CLoap = 15pF
Figure 21. FFFR T SMBEMHXR Figure 22. A EEEMEBEMAR
2 1000
/
15 f
/ 100
YA
< 1 Vy=45V |, ’// \
E_ 0.5 V/ @ 10
3 — 5 N
< Vs =36V
0 \
1 N
-0.5
-1 0
-75 -50 -25 0 25 50 75 100 125 150 10 100 1k 10k 100k M oM  100M
Temperature (°C) Frequency (Hz)
R, =10kQ
Figure 23. AR SR E RN TR Figure 24. @ HBE R SMEE P X R
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BAAEM (continued)

Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,

Time (1 ps/div)

Figure 29. fud ik E

60 50 >
K // 40 /
< 40 < /
o o
_8 30 A .8 / /
4 [4
g / g 20
O 20 o)
/// Rour=0Q /// Rour=0Q
/ 10
10 / —— Rer=25Q % —— Ron=250
0 — Rgur=50Q o Rour=50 Q
100 200 300 400 500 100 200 300 400 500
Capacitive Load (pF) Capacitive Load (pF)
G=-1 G=1
Figure 25. MES T ERMARAMNXR Figure 26. ‘MES I H EBR M AT AMNXR
(100mV HWHEK ) (100mV EWHEK )
i
|
T
\ Vout ' \
N .
1
2 2 '
g Vour \ § i \
0 AN 0 1
Vin \ i
# . H VIN \‘
[ [ |
/ 1
Time (1 ps/div) Time (1 ps/div)
Figure 27. EX&RE Figure 28. EX81RKE ( HKJT )
\ |
al — T
VIN ' Vi
/ ! IN
1
= > T
5 /K 5 I
; Vout ; :
i
1
Vour 1

Time (1 ps/div)

Figure 30. AR EME ( HKF )
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BAAEM (continued)

Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,

—

2 mVv/div
I —
I

Time (200 ns/div)

R, = 1kQ , C, = 10pF

Figure 31. MESMERMAR ( 10mV , G =-1)

2 mVv/div

Time (200 ns/div)

C. = 10pF

Figure 32. MESMERIARL ( 10mV ,G=1)

Time (500 ns/div)

R_ = 1kQ , C_ = 10pF
Figure 35. R{ESMERM@AL ( 10V, G=-1)

= | 1] !
g \ S| |
: | N
Q Q
\ I
| \
Time (200 ns/div) Time (200 ns/div)
R, = 1kQ , C_= 10pF C_ = 10pF
Figure 33. MESHERI@AL ( 100mV , G =-1) Figure 34. /MESBIERMERL ( 100mV , G=1)
/ \
HIAN \ \
< / i

/ N

Time (500 ns/div)

C_ = 10pF
Figure 36. K{ESBERI@RL ( 10V ,G=1)

15
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BAAEM (continued)

Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,

20 20
N S
E 15 E 15
R 2 10
] (¢
> >
E 5 Tg 5
g 0 g O
2 / < L~
B 5 o -5 //
© / ©
Q .10 8 10
s / 5
g -15 v g -15
-20 -20
0 0.5 1 1.5 2 25 3 35 4 4.5 5 0 0.5 1 1.5 2 25 3 35 4 4.5 5
Time (us) Time (us)
G=1,C_=10pF, 0.1% I2EHBE = +10mV G=1,C_=10pF, 0.1% IBEHE = +10mV
Figure 37. XKE S ERE ( 10V EKEX ) Figure 38. XKE S ERE ( 10V AEK )
100
PARAN ‘\
/ Vour \\ S~
75
\ \ lsc, Sink £ 18 V
\
> \ -
5 <
§ . AN -t E 50 \k
0 / 3
/ Isc, Source £18 V.
\< Vi /l 25
AN
" - 0
Time (200 ps/div) 75 50 25 0 25 50 75 100 125 150
Temperature (°C)
Figure 39. TH R ¥ Figure 40. @B RERERMNXR
30 i i 160
Vg=+15V
Maximum output voltage without 140
25 slew-rate induced distortion. 1
-~ \ 120
= 20
% \ %’ 100
E 15 g 80
5 . V=5V Z 60
=]
o) ‘ 0 ~ N _
Ve=$2.25V
> N 20
0 0
10k 100k M 10M 10M 100M 1G 10G

Frequency (Hz)

Figure 41. AW HBESMEENXR

Frequency (Hz)
PRF =-10dBm y VSUPPLY =+18V, VCM =0V

Figure 42. EMIRR SRR EMNX R
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BAAEM (continued)
Vg =218V, Veu = Vs /2, Rioap = 10kQ 5 Vg / 2 #83iE , C_ = 100pF , BRIEZ S XA,
0
-20

/\_/

Channel Separation (dB)
|
[es]
o

-100 //
-120 /
-140
-160
100 1k 10k 100k Y 10M

Frequency (Hz)

Figure 43. BES EEMEEMAXR
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9 iF¥4Hi%EA
9.1 BIE

OPA168x RIZEM AR EMERNEAMEE  FEESTZHERANA, XA 1.5uv/°C ( &RAE ) HHEER
BEBUHEERMNEESERNEHEREM, kA, ZS542AHERR , EHS CMRR, PSRR, Ay RHEH
THD.

;{g‘gﬁﬁ@%mﬁﬁf\ﬁ OPA168x RitfEiE, ZiRITHIMNEME—RETEEMRIL. HEERINBERRN=RK

9.2 HEEHEH

PCH
FF Stage

Cb

+IN ¢ ®
PCH 2™ Stage Output , ouT
Input Stage Stage
-IN L ®
NCH
Input Stage

18 Copyright © 2015, Texas Instruments Incorporated
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9.3 4Mi%eH
9.3.1 EMI 4l

OPA168x BEERBEM T EM) EEBETLEERE. EAFAENESHNIKFZTAHNSTERRIRET
WIRTER EMI N, B BEEZITTHRARTEA EMI it E ; OPA168x Fasx T X L& it iErE, MR (TI)
EEZE 10MHz £ 6GHz ¥V EIRISSCEARHEMNERASZNIMEHHTELWEED, Figure 44 HHETHXY
OPA168x #1TiZMiXME R, Table 2 AH T OPA168x ERFRM AN E AIEEME TH EMIRR IN+ {B, Table 2
FIHHNATE TRAHNBEEMERHTILUNRTET. BXEAEE TS IAARE SBOAL28 (EEHMA
ESHY EMI #I#IEEY o WNETEIZXAY |, B 5 R www.ti.com,

160

140

120

=
o
o
|
|

EMIRR (dB)
o]
o

(o]
o

}

N
o

o

10M 100M 1G 10G
Frequency (Hz)

PRF =-10dBm , VSUPPLY = +18V , VCM =0V
Figure 44. EMIRR iz

Table 2. OPAx168x £ B#r¥iiZE TH EMIRR IN+

R B A5 E EMIRR IN+
400MHz BHELEBE. BHBFLE. AZET. (R, BARESM (UHF) A 47.6dB
LHRBHBERS (GSM) BA. TLBBE. M. GPS ( ZRETIL 1.6GHz ) |
900MHz GSM. FiZBzEER UHF R 58.508
1.8GHz GSM Rifl. NABZHERF. THw. LEM L KR (1GHz E 2GHz) 68dB
2 4GHz2 802.11b. 802.11g. 802.11n, Bluetooth®, MABZERE. Til, RFMNEST 69.2dB
. (ISM) o4k, WRELBBEFEMIER S K (2GHz £ 4GHz) :
3.6GHz TLBEM, MEBEENSH. ZE. BHIBEER S KR 82.9dB
802.11a, 802.11n, MZEBFEMNSM. BHEEF. FENIZEEZTK C KB
5.0GHz (4GHz % 8GHz ) k 114dB

Copyright © 2015, Texas Instruments Incorporated 19
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9.3.2 MHURHERF

OPA168x RIIFMHEANIRARTF e, HAMALRHBEHAMHAEBEN , FSEERAFREMRUREE.
XRMAZBRHEHFEARSECEGNELAR , 2SHRHREOFABXNBEFEN. OPAL68x KA ARA
BARHAEBERP AR, AR, HNBRAEGREAEEE, Figure 4570 E R TXMERE,

PEaN
/| ver \

www.ti.com.cn

5 V/div
[~

X" A

Time (200 ps/div)

Figure 45. TR ¥

0.3.3 BAKNZMIBEM

OPA168x MIZABFUHNER TERGEHT TR, BAREENSEERARELES , AL BRASBHELBEHF
AHES IR RA T RERRERT. Bt , SAUARMASHHRE. ZELNREESERERHHIRHE—1NE
ERIKHEBEREBPE (B0 Royr = 50Q ) o Figure 46 MFigure 47 FIRAMESEHEBREARETRE Royr TH
XRE ; BXOMBEARNNABENIFAEE , HSANAANE SBOA0LS (AB-028) (RIFHMLETEIZEMAZE
XUEtHeE) o WFETEIZXH , EH R www.ti.com,

60 50

50 == 20 /
i

g4 g
5 / =%
o o
[4 [4
: S2at € 20
(o] (o]
20 / = /
/ Rour = 0Q Rour=0Q
10
10 / —— Rour=25Q % Rour= 25 Q
0 — Rour=500Q 0 Rour=50 Q
0 100 200 300 400 500 0 100 200 300 400 500
Capacitive Load (pF) Capacitive Load (pF)
G=-1 G=1
Figure 46. MEST M ERMARBIMNXR (100mV HHFK) Figure 47. MEST M ERMARBMXR (100mV HHFK)

9.4 BHIhEEERN

94.1 HEHETEHE

RNTRIMIEEZIT , OPA168x RIIFBHFNMAXEHEEBEMNTRAT BERFHERHMEE 100mV , LR
BEESHRMBE +2V,

ZERFATES TERFRNEE 100mV WERI M ABETET , BEEBRNEE +2V TSI , AR
Tk, Table 3 5.4 T ZEE AR HEERE,

20 Copyright © 2015, Texas Instruments Incorporated
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ERHFIhEEE R (continued)

Table 3. BRI MEESEE (Vs = +18V)

¥ B/ME A BKAE By
MAREBE (V+)-2 (V+)+0.1 \Y
wRBHBE 5 mv
RBHEESRBERMRXER (T =-40°C E 85°C) 10 uV/°C
AR HI 70 dB
FREa 60 dB
W (GBP) 4 MHz
B R R RE R 4 Vius
f = 1kHz BTRYE S 22 nViNHz

94.2 BRIEH

RITARLERQRZXRTEERABZAZSIHIISHEDWRB, XERBMUETFH4EA , BTEESFRBIRSIH
EZRESIH, XERESIMINGENE — N IEEERISHNESEHE T Z MEZD S HNISEERAENBS
%iﬁﬁﬂﬁéﬁtﬂg, %%%%EWEE@W‘&BE%%H% (ESD) RIFREFRARK I MARIRARP BB ZESN
4 ESD SEALR

DT ESD EXBEREAEEIIREANXRRESBRHEL, Figure 48 FTRJ OPA168x 2R#FH# ESD &
B (E&XHE ), ESD RFBEIRSNBRIE —ME, XEZRENEG AN LT EEEERFEBL
8%, FAERIESERABRNARKER . RS BIRELRR ER TERL T REERS.

TVS

I I

| * I

I % - |

I T |

R. | I

Eetil - T AN e i

ik e M A > l

T — | —> / Power-Supply |
o I ESD Cell | Ru

+ | |

Vi \ — | I

I ¢ ? |

I I

v —_———— e e e e e e —

TVS

Figure 48. S8R BRNAHEXHERANL ESD B

ESD E#A~EENEBERT , BEHERY ¥ SMARARENERNERSERKT. ESD R BEATELSE
BERASFZORHEBREE | BN OERRR, R EERENEERURBEAER.
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4 ESD BEFATMAHZITHARSIME , ERFRE-—IPRS IR —RE . R|BRATEEE , RKEEH
ARERUE. RN EAMASRESRE, ZBENT OPAL68x WIEE TEBEMBRMEEFEEZR. BHIZHA
BE , RESFE4FLAEBEARERIAREEREEREKT,

HEERARRBEAENBR (Figure 48) B, ESD RFPAMFREFRBERSHEFSSN ANRABEBNEIT, A
m, MRENNEEBHEMIESIWN TFRETEE , TRa5E-LEREA, MRHAXMER , &5 NE ESD
R BRI T SERSHZSBR. LRXBRIREEH —RERE , ERIOSRBRIKEMS

Figure 48 A 7 —MNEMERH] , HA@MASRE V,y BT EBRREE (+Vg) 500mV BEEFEZ, HRPFEAENEE
BRBURT RSN, R +Vs BEBRKRER , BALEAN —MNAAHN_RERSSE , HEYBERESE +Vso
HREEH vy 2T RIESHER. Bt , BIERATEVCENANE A LRESHHR 10mA,

MRBRFTERWEGR , Viy BSFERNBEZERAR  ARFHAFERR. XMELLRER  RAZEE
ARESEBEHEERABFNLX RATEE.

S—ANERLABR , MRERR +Vs H -Vs A OV NEHASIHENEAES , BRARMABA, B, HXE
RERATHERE 0V FETHAGSSEENNEE. NRERSASHEIRS , A ARBY BRI —RERME
BERARER. BZRSHIEEERERM , BMARVETRTEERE THE, MRBFERIANKES , NED
“IRENBEREESFEE A, ERKFERRTEARNHBEEDUREAREPHNEEM,

MRFHEEBFNZBROBRKAESD , AIEBIRSIMIMETFH=RE ; FSNFigure 48, EFESTHYBE TR =R
%?égEﬁ‘@ﬁﬁﬁqﬂ%ﬁo BFH-—RENEELTNEBE , MEFHA-REEBFRIMBEEIZL TS
EEE\ TEJ"\ o

OPA168x WHIASIMBEEREE —RERESRY , BRREZ=SBELAMZR ; S NFigure 48, ESWEBHR
Ad , AARFPEBRHAFTEXGRTE, BEKERT G =1 WBEET , REJANBAGS2SBUXLE_RELR
AEARE. FRERBASRE LN TXHEARATCNESEERE, WREAGESHEEE RSN LRE
ARE , WHAESRERNRHEE 10mA HER, MRANAAESBRAITRE , 7IEMAHABBKEBHERSHA
FEE8Ef. ZAASRBAXREE OPAL68X MKEREPEEE, Figure 48 AT /RN £ A BRI R 18t ER PH AV EC B 7R

9.4.3 IFixE

TR E Rz AR B MEARSRE N KAMORSAT RN 2% B E R A A B ESERRAME HHE
THREER , EERARN @ HBAFEAENRS. RAEABIRSE  AHSFTNERTEEELY — KAt
B RERE EFIRD, HHRFMEEFERSE , FEAEFRRBATRR, Fit , IHWEBEESET
HIRE A SRR EAE M. OPA168x W HIRERTHLIN 200ns,
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10 RIFAFISEHE

NOTE
LTNARINERTET TI A48 , TI MEREABMENTEY, EFNAREE TI
EHRBERTHENA, FFEBIEHNRERITREERB NI, UBRASEDEE.

10.1 NAEE

OPA168x RIIMABFESITHENTF 4.5V 5 36V (+2.25V E 18V ) ZH, KZHEARMKE -40°C E 85°C
BEEERER, AN BTHIFEERBERZERAETLNSE,

102 HABNA

ZNATBIMRERNAETHAIER OPAL68X KB,

Ci
47pF
|
|
R1 R,
Rout 768 Q 750 Q
Vac SV
- Headphone
+ Output
Voo *~ oPA1688 P
Rs 5V
Rour 768 Q
/ NNV
R4

Audio DAC 750 Q _—,— Z:;pp
Figure 49. ERTRAHED BENFM DAC NEYIHAARBREE (ATRALFERE )

10.2.1 RITER

BITERBIE -

o EJREE : 10V (¥5V)

« Hilfag : 16Q = 600Q

+ THD+N : §F 100dB ( 1 1kHz, 1 Vgyus EATF 32Q B, MEFIH 22.4kHz )
o HHIHER (HIKAET ) : 32Q HBEAIIFEHR 50mW
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BA R A (continued)
10.2.2 F4MgIHHRE

OPA168x RIIBRHTERME TEVBMARBENISYE | fIIERE, BAXE, AMARREENENRALHH
B, A, EIFEFRERMNEHEETBFES  OPA1688 2SR NEHEIRZ BB ASRNERLILRE,
Figure 49 FIRAEA TREZE D BENSIMBUERKRET (DAC) WEABENM AL, ZHET DAC WESH
EmdEhrmEwEEEs , FREEERBEVNAZENMMER. ¥F R, = Ry, B R, = R; HER , &
Equation 1 i+ & A HEBE

R
Vour = 2xVpe ——2
ouT AC Rl + ROUT
Hrn
Rour 83 DAC W5 HHFE#T |
2x Ve REEHESWHBE (1)

ENENHHEERRTEVEAURENNE, UEFAREYHEVFERREYE, EVNRREERRAAIERSR
1MW BB ESES (SPL) , AZ&EF 8 n R, HitMmATIETH SPL IRFBERRSHIZBEquation 2 itHE :

P
SPL (dB)=7+10 |og(¢j
1Imw )

FER  MRDBKFRS , BRI BRNRRINL TFHRIUTELS RO AWM, Figure 50 AT ELERMANET
HE-BIRBECANENFR4/ SPL.

10000

——90-dB SPL ——95-dB SPL
— 100-dB SPL —105-dB SPL
1000 110-dB SPL —115-dB SPL
120-dB SPL
100
=
E
= 10
1]
=
o
o
1
0.1
0.01
90 95 100 105 110 115

Headphone Efficiency (dB/mW)

Figure 50. EFRIEBEHREBMEATHRKET=ER SPL
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BA R A (continued)

Flan , —BIRBERN 95dB/mW MEMNE 3mW MAFES T4 100dB # SPL. MEXLENHFRFETA
32Q , MZE LA K BFHY BB E F B35 Bi 4 Bl BF & Equation 3 FEquation 4 FiTEE R,

V:\/le xRyp =+/3 MW x32 Q =310 mMVgys ®)

- [Bn - BMW g0 MARws
VRp V320 @

HENESHRAFERMAR , TN ENBARERRBEMERNTREE, S EYMARER HERBIKEHE
KRBRIVEMY , BRBRERLFMER. OPAL68X RIBMHEHEBERMABBRANRERES , HHLLTE
HEEHAARRERE T REAHEBMA, TINATI™ (FELRKH , Figure 49 PRV ERER KRN L ERERE 400pF
AT EEL 50° WHELHRE,

10.2.3 RIAM%Z

Figure 49 R EH B ARBEE=MERENERSRME (160, 32Q M 600Q ) T#T TMiH, Figure 51 LFHT
BERAENREEMEE (THD+N) EREBEEASHNENMER. WELXKHR 1kHz WMAESR 22.4kHz MEF
. HIEBIMY SR A HEIHERN THD+N S N Table 4, BEARENMNBZEAHEDRIRFRABENHEBR. T
SMEHE (600Q) , RHEREN N B ABHAMEEE, Figure 49 FHBERFERFSEENRAE AN 5V B
TR, Am , SRREETEA 600Q ENHHEEHINE,

0
-20 / /
o
z
[}
@
S 40
I
c
£ 60
2
8 \
=
g \
: e \
I
s
'9 \
—16.20Q
-100
T~
—324Q
——6000Q \,\J
-120
0.001 0.01 0.1 1 10

Amplitude (Vgys)

Figure 51. =#AEPAMTE B EE NI THD+N
(MABES = lkHz , WEFHK = 22.4kHz )
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BA R A (continued)

Table 4. A[E] $a £ BEHUAE KUK 51 B B K% HH 20 R A THD+N

nEMAH (Q) Bl BIR R AR HH IR (mW) RARH IR TH THD+N (dB)
16 32 -104.1
32 50 -109.5
600 16 -117.8

Figure 52, Figure 53 FFigure 54 #—$ 48T OPA1688 A{EE YL AT L %R,
Figure 52 F’RA 500 mVgys HESEFRRMETH THD+N ( EMENAFBERE 2 siRFrERA N AEER

R ) .

Figure 53 FFigure 54 Fi7RA OPA1688 #t3f 32Q MEHEEMMEHIIR (Imw) MESHHIHE (50mW) THI 5 T
&, ARERTHERAESSEENHEZELY 120dB,

Frequency (Hz)

Figure 52. 500 mMVgys #iHKFEREHIETH THD+N (
EFER 90kHz )

& 0 — 1620 0
< —3240 20
@ -20 600 Q
s -40
Y —
c 40 § 60
5 s
3 -60 S -80
[a) =
o N £ -100
§ -80 <
=
E -120 t
o]
T 100
5] -140
(o]
[
-120 -160
10 100 1000 10000 0

5000

Figure 53. 1mW, 1kHz EREATF

(HNTEM-117.6dB N=XREBENEEER. )

10000
Frequency (Hz)

15000 20000

32Q FERHY i HITE

Amplitude (dBc)

-100

-120

-140

-160

5000 10000
Frequency (Hz)
Figure 54. 50mW, 1kHz ZREATF
320 AFRME ML | BEEERE I TR
( BERERABRTER
—-119dB B =RiEH. )

15000

20000
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11 ERMREI

OPA168x MEIE T/EEEBERN 45V F 36V (£2.25V E 18V ) ; FERAFEHERREBERN —40°C
85°C, AHKGMNABATHRIFBESBREREAETILNSH,

CAUTION
BRBERT 40V BaX SR ERKARS , FS AL RATEE.

f 01pF ZFRBFMETRFSIMHLTRIREBFRISEABFETFHHERBE, BXZRBRUENFAE
B, BN HBRHLB.

12 Rk

12.1 HRMEEE

NEFHRAHBET R FRAMRREFVEDRFIEER (PCB) FRAE , B4 :

s REUELEHNERBRIMREERABRARSEAELERE, ZREFNEMBEMERREMEBERBIR
RTHRERSRS,

- ESNERSIMME RS BEAMRERRKERE (ESR) 0.1uF MEZRSBEE A HEBVERERILRE
fro HXBRBIFRNA , V+ SEthinc BT EARNZRER,

o FEREBRNEMSS NBFIHD LINZLRENFEERNRENFGE. ZFE PCB REER—ERSZE
T MENERE., SR TRAMBEBETI (EM) BFERE. FRXEBF i MR D 3 T Y2
BE  BEREBER. RATHRESHFAFEE , FSI SLOA0BY (EEFHBHLEI) o

« NREFLERS WAEKNREZELRIMHEL. WRERELKTESE  BNELEREELAR
FEFUXIREBEN AR , MEFITHL.

© SNEAMFHUENRERIEHN. MFigure 55 AR , £ RF M RG RIERMEBMATRARE RN FED
@O

« RABRFEMAEL, t1iE : MAELRBRPRBEBNB

- EREXBELBABRREXRIEEEAHFRFH. IHEATEZRPHIIELETRBH T =ERMIRER.

JiRF © 2015, Texas Instruments Incorporated 27



13 TEXAS
INSTRUMENTS
OPA1688, OPA1689

ZHCSE47 —SEPTEMBER 2015 www.ti.com.cn

12.2 HRRH

RIN

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 :
: NC
" ______ | ————
|
| —vs Ll
: V+ -~ | | T (O GND
| L__-._1

|

! Use low-ESR, ceramic
| NC f

| bypass capacitor

|

|

Only needed for 4)

|
|
dual-supply | GND VSt VOUT
operation T 777 (or GND for single supply) Ground (GND) plane on another layer

Figure 55. FEIAAECEEH KA BIERT R/
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13 SISO SR

13.1 ¥
13.1.1 FFRIFF

13.1.1.1 TINA-TI™ (#EMEF#)

TINA™ & —ZKfE . Thetsm K H B TR BRI BERREF, WEFHET SPICE 5/%. TINA-TI & TINA AFR—
AR AEINRERA, T — RVICFEAA BRI, AR IE TN T — AN FEHRE, TINA-TI $@R4LTA £
4L SPICE Hifit« BESAUTUE M, LA HAR R T ThRE .

TINA-TI 5]\ Analog eLab Design Center (B FSLIRZ R ITHG) Bk Fak, EHeptaTm & ine
45 H P REE LA FO7 OE REE S . AU AR A0 A0 N I T AR FL 5 L R T I T, A €l 2 —
NI PESENTT T A,

X R R TINA B4E (1 DesignSoft™ £ {E) 8¢ TINA-TI #ft. M TINA-TI 3L
e R E AR TINA-TI B4

13.2 SCRYSCHF

13.2.1 AHRICAY

SBOAO015 (AB-028) — (/x5 il 26 K X s UK a8 38 i P RE D
SBOAL28 — (&5 #3 1 RT3 (EMI) #1181 FL )
SLOA089 — ( HIEZ IR AT Ji i 2 415 )

SLOD006 — (i /T Brf A fis H N #5 )
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E2E is a trademark of Texas Instruments.

SoundPlus is a trademark of Texas Instruments, Inc.

TINA-TI is a trademark of Texas Instruments, Inc and DesignSoft, Inc.
¢ (Blu-Ray) is a trademark of Blu-ray Disc Association (BDA).
Bluetooth is a registered trademark of Bluetooth SIG, Inc.

TINA, DesignSoft are trademarks of DesignSoft, Inc.

All other trademarks are the property of their respective owners.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
OPA1688ID ACTIVE SoIC D 8 75 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 01688A Samples
OPA1688IDR ACTIVE SoIC D 8 2500 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 01688A m
OPA1688IDRGR ACTIVE SON DRG 8 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 OP1688
OPA1688IDRGT ACTIVE SON DRG 8 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 OP1688 Samples

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and

Addendum-Page 1




PACKAGE OPTION ADDENDUM
13 TEXAS
INSTRUMENTS

www.ti.com

10-Dec-2020

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.
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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

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

DRG (S—PWSON—N8) PLASTIC SMALL OUTLINE NO—-LEAD

(e}

(@X]
(@]

N
(e

\j\%

Pin 1 Index Area /

Top and Bottom

; 0,20 Nominal

0,80 Lead Frame
0,70 —

: Mi Seating Plane
~Jo,08[c] * j £ E ’

0,05
0,00
Seating Height

‘« gy 0.60
0 U U f 0,40
YU,
- +
SN
Exposed Thermal Die Pad / ﬂ ﬂ | ﬂ ﬂ

A ; 5
4 L—gx 0,25 0,05

0,10M[c[A]B]
P 0.05mc

Bottom View 4205379/C 12/10

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. SON (Small Qutline 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. JEDEC MO-229 package registration pending.
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PACKAGE OUTLINE

DRGOOO0O8A WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD
PIN 1 INDEX AREA— | <<+22 g:é
08
07
R I == T = S

0.05 j

0.00

EXPOSED e 1.240.1 +] ©2)TYP

THERMAL PAD
s
1———  2to01
G
t 03
8X0.2
8'2 —«——l 01@ [c[A[B
- &
0.08M) |C
4218885/A 03/2020
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

DRGOOO0O8A WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD
1.2)
8X (0.7) SYMM
¢
( ‘ 7
CD o |
8X (0.25) qp i Ctj
SYMM — - ?@ ! ? 2)
b @ T D
: ——E
. / J
(R0.05) TYP @ O'Z)T\Cé 035

@7

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:20X
0.07 MAX 0.07 MIN
j ALL AROUND ALL AROUND
EXPOSE EXPOSED— /I~~~ >
METAL METAL
SoEN. MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOIISIEEIFIQ\III\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4218885/A 03/2020

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. 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.
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EXAMPLE STENCIL DESIGN
DRGOOO0O8A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X (0.7) — SQ"M METAL
TYP

8X (0.25) 1 [

(1.79)

B

|
6X (0.5) ‘ l
§ 4 N
jE L °
+
(R0.05) TYP I
(1.13)
2.7)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
84% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218885/A 03/2020

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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