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F1: YEEH

&  ®s @&  sw
HEHPHRE c 2.997 924 58 x 108 m/s
B NEBEE e, 8.854 187 817 620 x 102 F/m
AEZNEER s 1.256 637 0614 x 10 H/m
LT EE h 6.626 069 57 x 10°% Jes
WIRGEER k 1.380 6488 x 10% JIK
FHEER F 9.648 533 99 x 10* C/mol
IR ITE S & N, 6.022 141 29 x 102 1/mol
G—RTREBEN m, 1.660 538 921 x 107 kg
B q 1.602 176 565 x 107° C
HFERIERE m, 9.109382 15 x 10 kg
RTRE m, 1.672 621777 x 107 kg

S| EH G 6.673 84 x 10 Nm?/kg?
RS g, 9.806 65 m/s2
K= Teo 273.15 K
RAKEE o 1.00x 103 kg/m?
KERFEE (0° C) 0 1.362 8 x 10* kg/m?
SHEEE R 8.314 462 1 J/(Kemol)
ZRHMERE (273° KED c,, 3.312 x 102 m/s

2. -+ RN
D I .

10" tera T
10° giga G
108 mega M
10° kilo k
107° milli m
1076 micro u
107° nano n
1072 pico p
107" femto

1078 atto a
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mE

R3: FHIFAHFRE

3 in 25.4mm/in RS mm
TE mil 0.0254mil/mm E=F S mm
ER ft 0.3048m/ft XK M
3 yd 0.9144m/yd ES m
%E ml 1.6093km/ml NE km
AZE cir mil 5.067x10*mm?/cir mil FA=ZXK mm?
F755 yd? 0.8361m? FEAK m2
St pt 0.5682L/pt # L
#5) oz 28.35g/0z g
53 Ib 0.4536kg/Ib /N kg
REEE cal 4.184J/cal £E J
5h hp 745.7W/hp L W

SR S mm 0.0394in/mm E:ay in
ZX mm 39.4mm/mil RE mil
K M 3.2808ft/m #ER ft
7N m 1.0936yd/m 5 yd
NE km 0.6241ml/km ®KE ml
FREXK mm? 1974 cir mil/mm? EZEE cir mil
FHK m? 1.1960yd*/m? 7L yd?
F+ L 1.7600pt/L i) pt
= g 0.03530z/g #= 5] oz
A kg 2.2046lb/kg 5 Ib
£E J 0.239cal/J KB cal
i W 1.341x10°hp/W oh hp
Pl
¥ 10mm BmEABEE.
ER
10 mm x 39.4 el 394 mil

RN (TI) BT RO RSES
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x®5: BERH

5
C=ZCF-3)  EREHEER
F2CO+32  BREHERE
K=°c+27315 IBREREIF

°c=K-27315 FHIIBEKE

#+6: IREihE
Emﬂ%=Mg%giEﬂxm0 Wi EmRE
Error(% FSR) = —easured —ldeal ' 00 o b s s e EMES I
Full-scale range
6= 2 100 EVTS SN
it =22 100 1000 BRAERR DT it

ppm = % X 10* Btttk aa AR
ppm =m% X 10 ToLbER AT AHE

L)

HIBEEN 0.1V, SER ALV A, TE 0.12V NEEMRZE.

E=x

rror) = o Y 100 =200 BEMIRE

Error(% FSR) = w x100=04% & FSRABEDEL

L]

¥ 10ppm AT S LT 2L .

=

1012§m x 100 = 0.001% BADRER B

1012§m x 100 X 1000 = 1 m% BANERER AT
10
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57: BEEER

MR REMES WRERONOH 4F  BERE  4NE
2E 0 0 250
e 1 1 1% 100 1
a6 2 2 2% 50 01
B 3 3 15 0.01
BB 4 4 25 0.001
gZe 5 5 0.5% 20
EE 6 6 0.25% 10
%6 7 7 0.1% 5
e 8 8 0.05% 1
=he) 9 9
Ea) TRENEF 1 5%
R TH BT 2 10%
& TAEREF THE BT 20%

48H =B | & 15 RERR4. 7TH3D0. B, —P47KQ, 10% 9 RS

AREAINE>
- 4. 4. 5
— 22000009, 20%
N NETN
- A NN
. - 47009, 1%
" ' ) i 8L 4L %
5EW
1130092, 0.1%

6T 1529, 0.25%, 15ppm/C
ENEF | L SRR
§2¢§—7— NE
INEF N < ; =
A O B Wik BEE BRI AR AR EER
E1: B e
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SRR F B BRI
Rp
AW

ESR ¢ ESL

WV | | nm

E2: TFREEFREER

®9: HEB[HANE

©

ESR

ESL

Rp

B EHUEE

BEREK

BASRIRIRE
RNPIHTIRAERRE

SR BBEBE

EABEAO

BMEBARAERENESR BEAZRR) . HBBBARMESRA
HEZH, MAEMRERROESRARBE.

E R BREL R
EBE R0
ESLEEIZE100pHZE 10nH 8

RpA B BB PR (AR ALELEBED

EABEATRN

HEETMARELEEBBARAE TR, EBEBARNILTTK
B

TIAENE B AR LR KR E

BEXMESRIABRE 2

BEMEINEENELE, Bfppm/V

BERHSSINKR

COGEARABRMNAE

FEIEBRFATESLE GEMER A, EEREHEER

BAEERESEENMNERE, Biippm/° C

HABAT, BERE K0

RAIEEEHREBEAEI0E100ppm/° CASEER, EF A, XEUR
TFHEHREE GEHANFIBELRIO

14
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SFREE B SRR BT AR NS

10uF BRBHUATISMERZ BHX R

100
EBAME T SEY
10 _l R

Aluminum electrolytic
ESR=10 /7
fEER R A A

FEHT (B8

HESLATSE

00m
AR
10m LB
Y\ESR = 4mQ
1m \\\\\H‘ \\\\\H‘ T \\\\\\\‘ \\\\\\\‘ T T \\\\H‘
1k 10k 100k ™ 10M 100M

R (HD

E3: ESRTIESLYY T EEF 2R 4T 0fe i 8 25 1R

MR (T EI TR O RSESD 15
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+®10: BEB[PABHR

COG/NPO
ORBEEBER

X7R
QEBEBEDR

Y5V
(2KBEBRRR)

SHBERERR

fHERfREB A A%

RRGEERASR

ATESKE. BE KEXE. ZMAsREENBH
BHRBASEE: 0.1pFE0.47uF

={ERERE: +30ppm/° C

RERE

RNERB Y

RFAZE: H1%E+10%

/me/E‘,lﬂ -65° C £125° C (150° C[«X&El‘]/ﬂnﬂ;)
NFRANBRE, BEEEBTFSZEIRE

ATERAMEERA, EXEy AT, IBEEMRE
BEEHER

X7TRE2KBEEBB BN — B
HeXABEABMNEAEEESNEARER
BHAESEE: 10pFE47uF

BERE: £833ppm/° C (FERESEEHN+15%)
LREERBAE: £5%ZE-20%/+80%

/me/E‘,@ -55° C £125° C

WFBRAMBAE, BEEEOFSZEIRE

RFEMENHEN A, EXEN BT, WHEEMRKE
BERBER

Y5VE2E MR B A A —
HEXBERFNFRESIFSNEIARER
RESEEMANE ERE: -20%/+80%

B ESEE: -30° C £85° C
HeRMEX7TRMEE2EMER R =AM

ATEERERENABEERBENECK A
FTEIENE, BREAREWRLHBESE MBERM
WERT, S MIABRBERR

BAESERE: TuFE68000uF

BERE: £30ppm/° C

LRBEREAE: £20%

B ESEE: -55° C £125° C (150° CU R EZRE)
BBt HTXEBEARFESMESR

BHAEEE: 1RFE1500F
S& LB MEB A FEEM, PERTE/N

BAESERE: 100pFE10uF
RIRBERE (REXE)
MALLHEXRSRRES
BUBRERTEATHEXRER SR
BRERE: TREEENA2%
/me/EIE -55° C £100° C

16
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ti.com/precisionlabs '5'}1‘[7_1314:
=1 RAEBRFER
HEBEER
1 1.1 1.2 1.3 1.5 1.6 1.8 2 2.2 2.4 2.7 3
3.3 3.6 3.9 43 4.7 5.1 5.6 6.2 6.8 75 8.2 9.1
CK06 Bl
223K BRAHRIFCHLEIBRE.
22 %'K\‘ "K' = +10%
Bl4. BE VIR ) \ 2 anF P 0.020,F
F12: RRRFRAERIC
(s Z) 2E s 2] 2E
B +0.1pF d +5%
C +0.25 pF K +10%
D +0.5pF M +20%
F +1% z + 80%, —20%
G +2%
R13: EIABFBAERIC (2%KBEFE)
F—F5 R R E-HF R FoFE EEWEETCENNE
wS wS s KEFEEMR
VA +10° C 2 +45° C A +1.0%
Y -30°C 4 +65° C B +1.5%
X -55°C 5 +85° C © +2.2%
6 +105° C D +3.3%
7 +125° C E +47%
F +7.5%
B +10.0%
R +15.0%
S +22.0%
T +22% ~ 33%
U +22% ~ 56%
Vv +22% ~ 82%
il
X7R: -B5CE +125C, £15.0%

MR (T) B TR ARSES
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—HREFILED
PHZR (+) I I AR ()
PR (+) .] A% ()
ME (+) ‘ MmE ()
PAZR ()
PR
J&g(g;) H mesk, T
E5: —{REFLEDS RIS
e ] # (nm) HE (KBEEE)
AR 940-850 1.4F1.7
Al 660-620 1.7%1.9
18 /5% 620-605 2%F2.2
& 570-525 21E3.0
%/8 470-430 3.4%338

F14: AR ELEDRYIE [E EFE

R MANS A E AR AME, HEMNRERLED-REERREERN—RES.
MBEBEMERE, BESET FEER.

18 AR (TI) LRI O RS E S



=1l

BARAER (RE. B TH.EE) o
BERAEN (BRI K. BEE) .
HARTESHE o
RMSFIFIJHEEE X o
FHIWEBESHIRMS o

XEE o

dBEX e

FARBIEXREFIES o
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BERAER
1
C = 1
[ o
C,C
Co=—22
C,+C,

Ck=C;+Cy+--+Cy
EXE

C = SEHEEHE

C.C, C,jC, = THERE

Q=cv

Q=1t

E.
= UERARMAEEE (C
= Llﬁa’h%ﬁ$1iﬂ’]¢iﬁ1é F
V= URFEFA BB EE (V
| = MR BARHERE (A
t= R AHEMHNREKE (s
. dv
i= Ca
EXE
I = RABARAEER

= DUEN B A B ABEAE (F)

%%=%E%ﬁﬁ§%$
1

— 2

E—ZCV

EXE

(D) REXEBER &

(2) 2D HREXEE R AR

3) FEKERH

4) BETFEE
(5) BAKNEBHNBISHEEEANES

(6) RE—NHERIABER

(7 T EERRTHES

= EFAERBTHER, BUNAKE (J)

V= RF AR EE
C=bUER EAHBRMEBEE (F)

20
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&l

HFRFEX
Ly=L; + Ly + - +Ly (8) HREkH %
L= 1
=T 1 1 s E R
L,L, s
L= L+L, 10) 2N FEFEE Rk B8
EXE
L, = SXRE R
Ly Ly» Lyl = TTHFERER
di
v=Llg DI EBEERF ENBENBEE
EXE

v=BRES LB EE
L= U=HARRHEBRIE (H)

art

1
E= ELIZ (12) Energy stored in an inductor

EXE

E=fEFaRRETHNER, BUEE (J)
I = URBEHBELBRE (A)

L= U= A RAHEBRIE (H)

MR (TI) B TR ORSES
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RCHIBITHAEN
-t
Ve = Vg [1 — e(T)] (13) General relationship
EXE

V, = BRI L, AR BAEE (1)
V, = HRCH TSR AEE &

t= D HA AR K

= RC, BABIMBLAGE L

BRATRERIBERN THERREB M. FRIENE, A6 M EFEERN,
BASNTEEKRETT99.3%. EXMREAT, BEINIBARETHR.

THESILSHEEEZEXR

ol / /
ED FEEEILE]99.3% -

- T=5x T i
R 0 -
G o
o o K EBILE63.2%
:E_; an T=1x T hf

20

n

11 /

o/
0 1 2 3 1 5
BtiEEERNSE (T=RC)

THESILSHETEEZEXR

22 MR (T TR QRS E S
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Bl

RCHBHEHER

Ve =V, [e(_Tt)]

HiXE

V.= EF—BNFER L BERNRE (1)

(14) General Relationship

Ve = HRCEETTEAFSE
t= U BB K
t= RC. AR MBI B

ERATRR4ERNTHERFMEMLE. FEIRNE, A5 MNEEEN,

BEARNEELSEENT%. ELEN AT, BEIAABERETEME.

90
80
70
60
50
40

BeEEES T

30
20
10

REES SRS EZENER

M EIXF36.8%

BtEE 2894 E (T=RC)

T=1x T
'd
AN MBI E107%
\ T=5x1Bf
\\
\\
1 2 3 4

ERESILSHEFERZEHXR

MR (TI) I TR O RS ED
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RMSHE

1 T2
- | 2
Vrms T,—-T) Ll [V(D)]2dt

EXE
V(t) = LT 8] & £
t= R B ATAIR [

EHEBE
T2
VMEAN = =T )y V(tdt
TEXE

V(t) = 3£ 0 8] R £
t= R A BRA A A

(15) General relationship

(16) General relationship

Vs = % (17) RMS for full wave rectified sine wave
v = 2 X Veeak (18) Mean for full wave rectified sine wave
MEAN -
VPEAK
T T T T 1
E8: EZHLHER
24 LR () BRI RFOSS %S
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Bl

RMSH EFIFE ) E
X
Vrms = VpEak (ZT) (19) RMS for a half-wave rectified sine wave
2xV

VMmEaN = % (%) (20) Mean for a half-wave rectified sine wave

i Vpeak

— T —} i K

< T >
E9: IEZRERER
T
Vems = Veeak,|T (21) RMS for a square wave
T
Vmean = Veeak 7 (22) Mean for a square wave
VPEAK

R%)

-

R

|

w

- S —

T >

E10: HiE

AR (TI) TR ORSESD

25
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RMSH EFFHBEE

Voo = \/(Vaz"'\é‘vb + Vg )(E) (23) RMS for a trapezoid
RMS — 3 T

VMEAN = ZT_T Vo +W) (24) Mean for a trapezoid

] ~—V
/ Va_’/ b

- T
E11: BRE
T i
Vams = Vpeak ’ﬁ (25) RMS for a triangle wave
T
VmMEaN = ﬁVPEAK (26) Mean for a triangle wave

i Vpeak

BE12: =fik

26 MR (T) BT RO RSES
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A .

log (ﬁ) = log(A) — log(B) (27) Log of dividend

log(AB) = log(A) + log(B) (28) Log of product

log(A*) = xlog(A) (29) Log of exponent

log,(X) = loga (%) (30) Changing the base of log function
log, (b)

log,(X) = M (31) Example changing to log base 2
logy0(2)

In(X) = log.(X) (32) Natural log is log base e

e = 2.718282 (83) Exponential function to 6 digits

BRERE

exp(x) = e (34) Different notation for exponential function

(35) Different notation for scientific notation,
sometimes confused with
exponential function

3.54E-2 =3.54 x 1072

EHLES (TI) I TRRIP QRS E 27
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dBE X
R E B EIR

Bt X Hi 78 3538 2 050 Y SRR 0 R 2 B R SR 2R B AR AL T AR R R AR XA RALE
E—DEEFELERIEENR, XRE—FME SRR AIB (4D B9HEEEE 2 BAXR
k. BEERT, BESEWET AL L, MEExH L, MR EMIGREyH
£ GMAE ARWEAABIIN—FRBBEMERZEHRER, KENERHRESEBE
HZEHRR. B E BT L H A EX % E, SREH LD, WHRE. BB Ey
L, M2

E X
Vi . .
Voltage gain (dB) = 20 log( ‘(;UT) (36) Voltage gain in decibels
IN
P L .
Power gain (dB) = 101log (%) (37) Power gain in decibels
IN

Power Measured (W)) (38) Used for input or

Power Measured(dBm) = 10 log( Tmw output power

A (V/V) A(B) | F15: FRIEISEFJIBENER
0.001 —60
0.01 -40 N . )
o1 20 RERZEEMMROR D8
1 0 T+ MR MmEs R 2 (M10HzE100HZ N
R B vi )
10 20 . N . .
100 10 fEIRZINRIE SRS (MIOHZE20HZ 3 B — ME 5D
1,000 60
10,000 80
100,000 100
1,000,000 120
10,000,000 140

28 MR (T) BT RO RSES
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E13E ~HIR— A ERA T 5 E X Ethh LA E, X EERH B I A AL AR
<25 Ml

1.f&EL = 1cm; D = 2cm, ARFNE.

2. L/D=log,(f)

3. fP — 101L/D) — 10(10m/2cm): 316

4 St EHUE B HITIAE (T URB, f, = 31.6H2)

100 ——
fp =?
80
60 ——
o
z
<<
0 ——
L
20 ——
p >
0 | | | | | | |
T T T T T T T
1 10 100 1k 10k 100k M 10M

E (HD

BE5: EX R ERBREEETERES LHE

AR (TI) TR ORSESD 29
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BEE: RS

fp
100 7 — — 0.707*Gy, = -3 dB
00— 24| S
B BE&IEE
| / -20/+ &4
o 60— |
)
o |
40 — |
|
20— |
| ! | |
0 I T I I I T 1
1 10 100 1k 10k 100k 1M 10M
|k HD
+90 —— |
|
+45 —— v
0°
o 10 100 1k 10k 100k 1M 10M
b \ | T
g I I I I I
[<=]
—84.3° 5o x 10 9
3% mufp X l,

BE14: G m S5

RAALE = f, EIEAZT

#x1E (f<f) = GDC (5140, 100dB)
&G (f=f,) = -3dB

#RIE (>f,) =-20dB/ 155

4L (f=f,) = -45°

HBAL (0.1f,<f<10f,) = -45° /15
AL (F>10f,) = -90°

AL (f<0.1f,) =0°
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Bl

wma (FER)
- VOUT — GDC
VIN i f
=) +1
’(fp)
V G
GV - ouT — DC
VIN 2

f
6 =—tan! <E)

Ggp = 20 Log(Gy)

EXE

G, = WV/V AR AR EIGEE
Gy = I B R85
Gy = deBL RSN E 1855

f= 4K, BiHz

f, = TR IR AU SRR

0= MBI AZIH B =S85
j = RFERHSI

(39) As a complex number

(40) Magnitude

(41) Phase shift

(42) Magnitude in dB

MR (TI) I TR O RS ED

31
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BEE (TR)

80—

60 ——

G (dB)

20T

40—

HEIEME
+20dB/+ &5

Fr

#
\/ __+3dB | |

w

X

+90 ——

+45 ——

I
100 1k 12k 100k ™ 10M

| -

+45°mnf, |
'\ +45° -8R

f,x10 B4 84.3°

0 (E#H

45—

90

TEAE =1,

100 1k 10k 100k ™ 10M

;R (HD

E15: TR m 5B

#RIR (f<f,) = 0dB

b
i
GERT
GERT
GERT
GERT

f=f,) = +3dB

>f,) = +20dB/+ &5

f=f,) = +45°

0.1f,<f<10f,) = +45° /1440
>10f,) = +90°

f<0.1f,) = 0°

32
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ZR(FEX)
_ Vour _ (f
Gy=——=0Gpcljl=)+1 (43) As a complex number
VIN fZ
Vour f\? .
Gy = — = Gpc (—) +1 (44) Magnitude
VIN fZ
f .
0 =tan! (f—) (45) Phase shift
Z
Ggg = 20 Log(Gy) (46) Magnitude in dB
Where
Gv = voltage gain in V/V
EXE

G, = WV/VAHRRI AL IG5
Gup = MO I BRI A9 FIE S
Gpe = doBU{R 4L R85

f =M=, BAHz

f, = TR AT OB R

0= MEIAZI 4 H =S85
j= RRERH

AR (T) BT ORSES
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VG1 0

-1

160° /\
W

~160°f ;
10 1

-} g

Ts=0.225ms

fE (ms)

12

e==Tp =1ms

E16: HHBEE

_ TS, 2¢q0
6 =2+ 360

EXE

T, = BB S SR
T, = 52BN

0= {5 S BN Bt 11055

(47) Phase shift from time

]
HHE 16 PHEBHELH.

13

X
Tg 0.225 ms
0= e 360° :(7) * 360° =381°
Tp 1 ms
34 FEMNE (T) R TRIFORSER
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EXCZHRKBEE
Gep =1 (48) ST E A RACE LR
Vee
Vour
—(
+
v
IN Vee
BE17: EhEEE
R¢ . N S
Ge=—+1 (49) Gain for non-inverting configuration
1
R1 Rf
= Vee
Vour
—(
+
v
IN Vee

E18: REEE

ti.com/amplifiers
36 EMNUER (T R TRIFORSES




ti.com/precisionlabs ) P

ERZHBKBEE (4X)
R¢
Gep = _R_ (50) Gain for inverting configuration
1
K1 R¢

Vour

E19: RIEECE

V. Vi
Vour = _Rf(_l + =4+ —N) (51) Transfgr functiqr? for inverting
R, Ry summing amplifier

R
Vour = — R—f (Vi +V, + -+ 4+ Vy) (52) Transfer function for inverting summing
1 amplifier, assuming Ry = Ry = ...=Ry

Ry
A% ]
+ |

= +
\/)
Ry Re
= AW ———
+
vy Vee

—

Vour

Vee

E20: mEMEEE

ti.com/amplifiers
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EXZHRKBEE (4X)
R¢ Vi 'V, VN
Vour = (g + 1) R+ 2+ + | wosmERmmABnERES
EXE
R, =R, ="=R,

N = WAEESRHNEE

Vour

E21: BHAEEE

ti.com/amplifiers
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RACHRRBNE R FHEB K

R
G = R—f +1 (54) Gain for non-inverting configuration for f < f
1
Ggr =1 (55) Gain for non-inverting configuration for f >> f;
1 . . ) .
fo=o—7— (56) Cut off frequency for non-inverting configuration
21 R C¢ 7
f
| |
11
R1
Vour
—
Vin
Vee
E22: RHCEKBHEHEB K2
R
Gir = ?f +1 fo = !
1 27 Rf Cf
40—
20
1 —20dB/+- &35
1 RECHRE=
CHR
b ]
g i
207 % AR
i THEIRRE)
_40 T \\\HH‘ T \\H\H‘ T \HHH‘ T \\\HH‘ T \\\HH‘ T \HHH‘ T \HHH‘
10 100 1k 10k 100k 1™ 10M 100M

R (H2D
E23: #3AFC,IEKEIEIRIE H MK SR ST 00 B

ti.com/amplifiers
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RAC KB E B RAER XS

Ry

-t (57) Gain for inverting configuration for f < fg
Ry

Grp = —

Gup = -20dB/H548 (EfCZE, B

R ENEEMARHERED (58) Gain for inverting configuration for f > fo

£ = 1 (59) Cutoff frequency for inverting configuration
€7 21 ReCy

f

|1

11

R] Rf

——AVW—
+
Vee
Vin
Vour
= <

Vee
E24: BECHEFEESMRIBHAEE

Glr= - ?f fo = 1
1 2n Rf Cf
w0 : /
10
] —20dB/+- 154 /
~ RECHERE
om i
2 204
Pl 1
5 |
507 TR BCHER
B —40dB/+ &5 CTRHK =%
1 MEEHARERERES
_80 T \\H\H‘ T \\H\H‘ T \\\HH‘ T \\\HH‘ T \\H\H‘ T \\\HH‘ T \\\HH‘
10 100 1k 10k 100k 1M 10M  100M

BEE (HD
E25: st RACHEIKEMRIBE H R A E R SaEE0m
ti.com/amplifiers
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BHRBARHE

GBW = Gain « BW (60) Gain bandwidth product defined

TEXE

GBW = B3 3R, fEIZEM A& BiR R ARG F I
e = MINEE, HEENARERRLERE

BW = B K=& H9H BT PR H

N

FRAARR 60 KB EH R

3 =100 (ABABREFEL)

GBW = 22MHz (HiEFRFLEE)
GBW  22MHz

- _ =220 kHz
Gain 100

BEIRMNE, ETHETHAOLMEZ S, MERKNTTET UHERFNER.

FME TG 58T % Z BB X R

140 "{L 0
120 :m‘
"
P
100 \ <] =45
80
2 435 —100— 4008 il =
Z e HAE T = -90 B
pic ki \'\ =
w40 ; \
L'l
20 "‘-\] LY e
]
= [T
0 125 T
-0 L1l —'IEII

1 10 100 1k 10k 100k ™ 10M 1000

S (D)

E26: EHA  KEAMRERE

ti.com/amplifiers
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HEHRE
SR . . . . .
Vp = ot (61) Maximum output without slew-rate induced distortion
EXE
V, = EREBRESINNLAELIG, FAEEHLBE
SR = #i&E

f = FEINES AR

RAHitHE ESTEZEHX R

30 |
Ve = =15V
25 T
~ 20 i‘}\
>D.
v SR 0.8V/ys
ki FHv,=—=— " =
E 15 Vo = 5t = o (@0KH2) 3.18Vpk or 6.37Vpp
H
&

—_
[=]

\{é A
5
sl
[ —
1k 10k 100k M

R (H2
E27: TEiRES|INKERA TR XEH

o

FEIRMR, LEREANTRERIATI LM OPA277HMER. THITEERS
HTOPA277#AOkHZ HIEER E. X—4RUBLERAHNT AR BETER

w5l

vp=R o 08VIIS 5 4gypk or 6.37Vpp

2nf 2mn(40kHz)

ti.com/amplifiers
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MK E

IMES B EX0E R
0.35
TR = T (62) Rise time for a small signal step
EXE

TR = JMES B BRI R AY £ T )
fC = BRI A A B AT

IS S Hr ER 0 R T

WANMES
B EX

YRR
] 2

E28: RRMESINKEMRKHH

ti.com/amplifiers
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BEEMKRREER
i R1 VnR1§ i Rf VanE

E29: EE M AREFER

BEEMAREFRE:
s HZEEM AR SEMGESE (BRBRE+BEERS)
L

ti.com/amplifiers

44 MR (T) BT RO RSES




ti.com/precisionlabs 7&*%5

BRI

BWy = Kyfc (63) Noise bandwidth

HXE

BW, = RGEMRETER

Ky = ST B R =5 B # A9 78 35 15 IE F #
fo = RYEM -3dBH %

0 ]
«— —3dBf 5= —
o 20 !
R 1B BW, = 1571
b 5
bl 7 2nd &y BW, = 1.22f,
-40- :
1 31 By BW, = 1.16-'fc
-60 AL R T
10 100 1k 10k 100k 1M

R (HD
E30: MM FEIEKBINMEEHERKBHRE

F16: $SIMRFEH RN EERERNY

WRE KNTEHS#: 1 B

1 1.57

2 1.22

3 1.13

4 1.12
BT RREITE
En = eppyBWy (64) Total rms noise from broadband
EXE
E, = kBEMHERENDrmsEE
€yp = IHBRFEHIEZE (nV/rtHz)
BW, = BETE (Hz)

ti.com/amplifiers
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VIRFRFEITE
En NorMAL = eBF\/E (65) Normalized 1/f noise at 1 Hz
EXE

Ex nomwaL = 1HZESBIARAE1 /RS
5y = 1T LA IR 4T BT
fo= WEVE o, BEHHTE

’ fu
En_pLicker = En_nvormaL [In (E) (66) 1/f total noise calculation

EXE

W rucken = ARIENPRSEAI B rmsIRE
N_NORMAL — THzZRS B FRAE1 /TR

f, = ERREEIMRGIRE T

fL= TRELLME, BEERL THIKEE0.1Hz

E
E

F17: I EFEEIGRE

REREHNE ERIEEE AR
20 (same as +10) 68.3%
30 (same as +1.50) 86.6%
40 (same as +20) 95.4%
50 (same as +2.50) 98.8%
60 (same as +30) 99.7%
6.60 (same as +3.30) 99.9%

ti.com/amplifiers
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MK E

W IE Ei+g

Enr= [4kTRAF
enr= {|4KTR

EXE

(67) Total rms Thermal Noise

(68) Thermal Noise Spectral Density

E, = BIESEMEmsRE, WHEFRARRE (Vrms)
e, ;= BIEMREIIEZE, BRI ARERE ()
k= f&méﬁ E41.38x 107%J/K

T= /JJJ].FF %14;:}:
- RFEEHE, BiHz

1000 -

100

10

EIEZE (nV/rtH2)

=

0.1 T T T T T 1
10 100 1k 10k 100k 1M 10M
ERME (@
E31: RETEEESEBEZENXR

ti.com/amplifiers
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ACTHRI SIEZBHRF (EF2RIRE)

Figure 32 illustrates a bode plot with four different examples of ac peaking.

30
i#E= 20dB
20 - s = 5dBT et = 5.7°
10 - fafrias = 32.8° i#fa= 10dB -
mie = 18.3°

g 07
.]=|:|l:

-10 - NEEEE
3 fefriaE > 65°

20

30 \\

40 T T

0.1 1 10

E32: M —aclE{EX R RG]

HizHESaclEEZBIRF

XA HEE R R E I —IE EaclE EKFENELRE. FEIBNE BREE

TRERTET45° ALK E.

70

60\

AN

REAN

B

X

~ 30

mgllhﬂ \

«a

= 20

=
10 \
0 T T T 1

0 5 10 15 20

acl&{E (dB)

E33: WEM SRR/ RRNBLRESIEEZEBIXR

ti.com/amplifiers
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Bt (XSRS R5)
EB4ETHRBMNEERREAED LLH=A.

THEFEE=50%
HHRARE=48.1°

16 ‘ ‘

14 ~ EHESEE=20%
5 1.2 /Y$ﬁ1ﬁ%§%:24.3°
5 M=
EE|
= 0.8
® =

0.4 ,’

0.2

0

0 0.2 04 0.6 0.8 1 1.2 1.4
BfE (ms)

E34: I H—BREHL R 5

HiuHESEHES L ZEBXR
XEEETHEHNE—IEERMNIPRANBLEE. FEIRNRE, REBH
BERTEFT45° EMKE.

90
80 .
70
1B 60 \\
50 ~_
18 40 ~_
ﬁ 30 ~_
EE 20 \
10
0 T T T \
0 20 40 60 80 100
WABFIEE (%)

E35: BEM—HEURESTPES L ZEHXR

ti.com/amplifiers
BN (T WU T RIFARSED 49
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V— —
E36: ATFAREMEIE RspicelliAHEEE

Vi
AoL LoADED = ﬁ (69) Loaded open-loop gain
B= Vg (70) Feedback factor
1 1
—= — (71) Closed-loop noise gain
B VFB
Aor_Loapep X B = Vo (72) Loop gain

LRy RAIC, = BHBMASREMANAN. HUEHRARAEIMEABRRNRS
Wk : AT, FEAZEERT, Wik B EARN. ES7RFOEHIMER (BARR) .

C,FIL 2 ESPICENHT EMERA A, TNAEAZ (1TF, 1TH RSB L LT
BRI, 1B RRAEFEaciiR | B BT FF. 07 RIS, SPICEAdCHE F BE MF

N

1BE1To

ti.com/amplifiers
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Ves
R4 Rr
J:_ C| cF
N [ |
L e :
=] V+
4
Vi C, 1T Riso Vo
— — E Vo —— C

V- —

E37: ATIRRBEMNHRE (B1MRIR) SPICENXBEE

Aor_roapep = Vo (73) Loaded open loop gain
_ Vg
B= oA (74) Feedback factor
(0]
1 _ Vo ) ]
B8~ Vig (75) Closed-loop noise gain
Ao _Loapep X B = Vps (76) Loop gain
E‘ii

vw:ﬁe ERHOEHDE, bR AL REE, BREERE M TR LT

.
VFB:EJ%EEJE
R R, R FIC, = BEINARK BM%. mTH25RBHKE, IIRBKER A LRI

C %EILmﬁSPmE DATEIMEEEM. ENEKRE (1TF, 1TH) 888 AdcHE E LI
Eévﬂ &, BEAFEacHi R ENIMB BEFT . A7 SLPULSR, SPICEFEdCHR KR EEE AR
&7,
‘N = ZEMARBERTESEAOSAANES. BTIHERELKESFEAER, @
BEERTEREMXNBAE. R, BEAINHEFEN, LESWITHEERFRE

o

ti.com/amplifiers
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IWV 3 NNV
+Vs

Vour
Voffset = Vs
+
Vi
Volts v
out
Vofiset ----f---}--J--J--f--]--]- 50mVpp

E138: BRETRSCIME TR AR

ik NESI]

o MM K

o IMES () acHE I (B, 1kH2)

o BTV IRER = £ R H<50mVpp

o HEENBELMAV,, = OBEHE (I, = 0AR, Ry&EX)

o ERENFEMV,, SKEEMFHEIESR NBRIEN

o RELHE = acBEHY REATBE IRV, LS HE THEMRE
o HTEMBRENHE, TV, LERIXFRTERR

., fiers
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+15V
Comi =
Rint CcM1 1nF
Y ANV
Vin-  1kQ
cD||:::10llF
Rinz
Y ANV
Vine  1kQ

chZ — 1nF

E39: $IHURBIKFEN IEHK 2

(77) Differential filter is sized 10 times the

Select Corr = 10Ccmy common-mode filter

Rint = Rinz (78) Input resistors must be equal
Cemr = Cemz (79) Common-mode capacitors must be equal
- 1
M = 2R 1 Conat (80) Differential filter cutoff
1 .
fpir = (81) Common-maode filter cutoff

1
21(2Rin1) (Cpir + 5 Cem1)

EXE
£, = EABIIAE

oy, = SEAERLIE SR
R, = BIABH

Coy = HBREES

Cop = ENBHBES

PR 1EIR D AR B U FURIR R 0L SR L SR 048 SR BYLET B T4
NE RS ER AR D E SR,

ti.com/amplifiers
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PCB 154

lozF120z4 SHHIPCB LI 2 EBFH o
SIMPCBLREIBTHI SAKEIEE o
S SEBIREES] o
HEXAERT o
PCBEH&LBARSHEK o
PCBidFLEEA 5B o

& I E MR R R ANAE @
EIHE L TR o
ARKESGLBNKEBE o
AEEBSLBERER o

&
U

3
g
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EREHEBKBEE
&=/|ME]BE
B4

015 0.05mm 0.1 mm 0.1 mm 0.05mm 0.13mm 0.13mm 0.13mm
[0.00197in] | [0.0039in] | [0.0039in] @ [0.00197in] = [0.00512in] | [0.00512in] = [0.00512in]

1630 0.05mm 0.1 mm 0.1 mm 0.05mm 0.13mm 0.25mm 0.13mm
[0.00197in] | [0.0039in] | [0.0039in] | [0.00197in] = [0.00512in] | [0.00984in] | [0.00512in]

3150 0.1 mm 0.6mm 0.6mm 0.13mm 0.13mm 04 mm 0.13mm
[0.0039in] | [0.024in] [0.024in] | [0.00512in] | [0.00512in] [0.0161n] [0.00512in]

51-100 0.1mm 0.6mm 1.5mm 0.13mm 0.13mm 0.5mm 013mm
[0.0039in] | [0.024in] | [0.0591in] | [0.00512in] = [0.00512in] [0.020in] [0.00512in]

101-150 0.2mm 0.6mm 32mm 04 mm 04 mm 08mm 04 mm

[0.0079in] | [0.024in] [0.126 in] [0.016 in] [0.016 in] [0.031 in] [0.016 in]

151-170 0.2mm 1.25mm 32mm 04 mm 04 mm 0.8mm 04 mm

[0.0079in] | [0.0492in] | [0.126in] [0.016n] [0.016in] [0.031 in] [0.016n]

171250 02mm 1.25mm 6.4 mm 04 mm 0.4 mm 0.8mm 04 mm

[0.0079in] | [0.0492in] | [0.252in] [0.016n] [0.016in] [0.031 in] [0.0161n]

251-300 0.2mm 1.25mm 125mm 04 mm 04 mm 0.8mm 0.8mm

[0.0079in] | [0.0492in] | [0.492in] [0.0161n] [0.0161n] [0.031in] [0.031in]

301-500 0.25mm 25mm 125mm 0.8mm 0.8mm 1.5mm 0.8mm

[0.00984in] | [0.0984in] | [0.492in] [0.031in] [0.031in] [0.0591 in] [0.031in]

B1AELSA

B2 R BB SE, BFMEI050KIUT

B3R EIMED S, 3050K M £
B4BEFKABRABYMERENINGS & (T—EH)
ASTEA KRR BB REKRENING S (E—FH)
ABINERTT Bl & /imiE . TR R BFHE3050KIUT
A7SMBICHF S| e, BRERERE (E—8%)
KYFOiEHEIPC-2221B, %6-1,

MBHIME B, BEAEWww.ipc.org R T TR AR HE.

&
0

n
g
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PWEPCBRFHIBE A
17.5
16 45°C
125 =30°C
//
10 20°C
/// L~
E 6 s AT A | —+10°C
o p y
B 5
k] 3 39
25 L,
2
15 Z
1 p
578
25—
062125 l
: o1
0| 5| 2 50 | 100 200 | 300 |400 | 500 700
1 10 30 70 150 250 350 450 600

REEER (FHEER)

HPCBEMAR EMREARBEER
FARNS

010N
020
030 N
.050
070 N

100 AN

50
200 N N N 3 oz/ftz
: N

.250 \\ AN 2 oz/it?

300 N 2 .
350 \\0.5 ozlft 1 ozfft

.400 N i
20| 50 100 200 | 300 | 400 | 500 700

1 10 30 70 150 250 350 450 600
HEEER (FHEE)

E40: AEPCBfEMIZ BRI

SHBEE (1)

Rt

HEIEPCBE ML (FE0.13E, HEM20z/ft?4158) IR E EF20° CRURIRIE. (
fRE a2 AEPCBRIMB. )

ER
BEFERTABRRE0IETHAA250FAEE. REEHALEBEFRKES10° C
M250F A HEAEKMER (BFE =5A)

L EIPC-2152, El5-1.

MERBHERELR, BEWwWwW.ipc.com® TH TER R,

MR (T) B TR ARSES 57
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3 1024ABERIPCBIE Stk

=
Se—1umill
Ce? = 25mil| ®
100m == g
o et Q
’o' ’a’ ™~100mil =
~ ”’ "
9/ 10m "4’ //"/
L Cd
E f” ’f"
® 1m el
f’ ’f’
100p FZ="" ,47
1ou’/'
1u
1 10 100 1000 10000

EHKE (BB
E41: 25CHY, 3T 102X, PCBEM%LBEESRKEMEENXR

_— 5mill 5
1 /’/—%gm:{ﬁ
Pl — mi
100m o 2 somill£
//' ~ -7~ 100mil| =
e 10 et A
2 m £Ei= e
E / r”’
w im / //;
100u /
Lo = /
1p
1 10 100 1000 10000
FHKE (EHD
El42: 125°CHt, 3 F102iiB X, PCBIEHIZHEESRKEMREMX R
il

25°CHI125°CHY, 20 EK. 5B EREHAN Tzl BEXEENBEEZ D?

X
R25C = 2mQ, R125C = 3mQ. X2 mBE sk FB T,
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PCB fn&4

$t¥202fAEXBIPCBIE MLk

1 — Smil| =
~—— 10mil| &
R o
100m >~
_,/' ~ 7T 50mil §_~
L7 ‘,—7‘100mll S
_ 10m 4’/' ",
G ”" "’f
= e -
'EJ g "7/
100p == =
- >
101 el
1n
1 10 100 1000 10000
FERKE (BB

E43: 25°CHY, ¥TF20zfA% X, PCBiEM%HEIESKEMEENXR

100m 7

10m 7

im -

BpE ()

10

100

FRKE (BB

1000

Yipim 3.

10000

El44: 125°CHt, 3F2024AE X, PCBiEHiZHESRKENREEMXR

Zy:l)

25°CHIN25°CHY, 200 B, 26 B E &N T20zii B EEMEHEE S D?

R

R25C = 2mQ, R125C = 3mQ. X2 & Bk ER T .

MR (T) BRI ORSES
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BREHRABFRT

SOIC-14
D

DGK

120mil
3.05mm

118mil
3.00mm

2512
6432 A

250mil
6.4mm

>
120mil
3.2mm

0805
2012 A%

A .
80mil
2.0mm

50mil
1.2mm

SOIC-8

MSOP-8
DGK

25.6mil

0.65mm 122mil

3.10mm

2010
5025 /Al
200mil
5.0mm
100mil
2.5mm
0603
1608 A4
60mil
1.6mm
l—
30mil
0.8mm

TSSOP-14

€——260mil ——»
6.60mm

1206
3216 A%

60mil
1.6mm

0402
1005 %)

20mil
0.5mm

120mil

3.2mm

40mil
1.0mm

60
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PCBIIS %

PCBEITIRER

k-l-w-eg
h

C(pF) = (82) Capacitance for parallel copper planes

HEXE
k=BA=BAE,
BT ABITTHE .
k =8.854 10°pF/mm, 5(2.247 10 pF/mil
E= K (AH Imm, FEH miD
w = B (A Amm, Z&HAmiD
h = FEZ[EER (A Amm, 6 HmiD
e = PCBHENNBELH (WFFR-4, er=4.5)

El45: PCBEITHES

Rl T E £=5.08mm, w=12.7mm, h=1.575mm, €r = 4.5
MHEBER

8.854 - 1073 pF - (5.08 (127 - (4.5
C(pF]:( pF/mm) - (5.08mm) - (12.7mm) - (4.5) - 1.63pF
1.575mm

R iTE £ =200mil, w=500mil, h=62mil, er = 4.5 B
HEBEAR

C(pF) = (2.247-107* pF/mil) - (200mil) - (500mil) - (4.5)
62mil

= 1.63pF

N (T) TR ORSES 61
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WHEETSHEE

L(nH) = k- €- ln(Oség'—gv‘;ilt) (83) Inductance for microstrip

ke € (g, + 1.41)
C(pF) = ln( 598-h ) (84) Capacitance for microstrip
0.8-w+t
EXE
k = BAKEPCBEE.
BETARIFIEGE 2.
k_=2nH/cm, 55.071nH/in
ke = BAKEPCBEE.
BT ARIFIRGE 2.
k. = 0.264pF/cm, 0.67056pF/in
U= B EKE (RHmm, ZHAmiD
w = M E (AFImm, ZEHmiD
t= HBXEE (AFHmm, EHAmiD
h = FEZEERE A Hmm, ) miD
er = NN EEE, FFFR-4, K445

X FEEHI KL -

WEXEE (mil) = 1.37° (RSP
B0, 10z Cu = 1.37mil

B, '/,0z Cu = 0.684mil

El48: PCBRIFZERFSHE

Rl iHE 1=2.54cm, w=0.254mm, t=0.0356mm, h=0.8mm, &r = 4.5 i,
FR-4 K AVE BRAR A R BB AR &

5.98 - 0.8mm
0.8-0.254mm + 0.0356mm

L(pF) = (2 nH/cm) - (2.54cm) - In ( ) =15.2nH

C(pF) = (0.264pF/cm) - (2.54cm) (4.5 + 1.41) _ 1.3pF

In ( 5.98 - 0.8mm )
0.8-0.254mm + 0.0356mm

Rl E L =1in, w=10mil, t=1.4mil, h=315mil, er=4.5 i, FR-4 A8
AR B ERFIER
L =15.2nH,C=13pF. ;&% XMo@ 5 FEAo)@—#, AFATERANEES .
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PCBIIS %

THERLER L 2

C(pF) = k- dt. ¢ (85) Same layer
CpF) = % (86) Different layers
EXE

0 = ARFHZNKE (mil, Fmm)
k = 8.854*10°pF/mm, ik=2.247*10"* pF/mil
t= & EE (mil, mm)

d=EA—EEH%&ZEMNES (mil, mm) FFF B HI R :

w = EEZNTEE. (mil, mm) fHBEXEE (mil) = 1.37¢ (RIPS)
h = FEZE/E R (mm, ZEmiD 80, 10z Cu = 1.37mil

&r = PCBNMBEH (FFFR-4, er=4.5) B, 1/20z Cu = 0.684mil

‘L[.-‘“‘“w

FEE
E47: HPARERENBRE

B HEFRNMERATHEERE: 1=2.54mm, t=0.0348mm,
d=0.254mm, w=0.635mm, h=1.6mm, er =45, FR-4 EBEBERRHE

(8.854 - 1073 pF/mm) (0.0348mm) (2.54mm)

C(pF) = =0.0031pF Same
0.254mm layer
8.854 - 1073 pF/mm) (4.5mm) (0.635mm) (2.54mm
cor) - ¢ pF/mm) (4.5mm) ( ) ( ) .04pF
1.6mm Adjacent
layers

RO TERAMERTHEBERE: £=100mil, t=1.37mil, d=10mil,
w=25mil, h=63mil, r=405H, FR-4 KEBERHE

C =0.0031pF (FE) , C=0.04pF (4RZ) . 7 XN E E@may e B—#,
RAARIEXANERES.
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PCBEFLEA & FOEE

4h
L(nH) = ky, - h[ 1+1In (F)] (87) Inductance for via
C(pF) = % (88) Capacitance for via
EXE

kL = BAKEPCBHE K.
BHETARIFEREE.
k = 0.2nH/mm, 5.076°10*nH/mil
ko= BAKEPCBER
ST ARIFIRE 2.
ke = 0.0555pF/mm, 1.41-10%Fm
h =&z 887 E R
d=7ER
d=EAAEERNER
d, = BINEE L FEES
&r = PCBNEEEH (WFFR-4, er=4.5)

E48: I EBRRFIBRE
Rl & h=1.6mm, d=0.4mm, d1=0.8mm, d2=15mm A ZERFER

4-1.6mm

L(nH) = (0.2 nH/mm) - (1.6mm) [ 1+1In ( oa
A4mm

)] =1.2nH

- (0.0555pF/mm) - (4.5) - (1.6mm) - (0.8mm)

1.5mm — 0.8mm

C(pF) = 0.46pF

R & h=63mil, d=15.8mil, d1=31.5mil, d2=59mil i 2B BFBE
L = 1.2nH,C=0.46pF. ;% X a5 EEAyE @ —#F, RAE R AR,

64 MR (T) BT RO RSES



PCBF IS4

FEIHEBLIES

RG-58 53.5Q | 28.8 0.195 13. PE | MiXRHIERFMENILIER, HEMHz
RG-8 520 | 296 0405 596  PE
RG-214/U  50@  30.8 0425 67  PE | RFWIEJLkW, ®&/LEMHz
9914 500 | 26.0 | 0405 = 40 | PE
FE3 7@ 20 1 0270 56 | PEumICATVEA. RFMEJLER, & /LEMHz,
RG-59/U 730 29 0242 | 97 pE | MRTLUERIFFEMNIE, AHAXSES
RG-11/U 75Q 17 0412  3.65 PE  RFIEJLkW, ZEHEMHz
RG-62/U 930 135 | 0242 | 74 ASP | FERLENFREDER, NERI00QUWMR A
RG74 | 80@ 31 | 0100 235 PE wmmugss:EATANRRELE. BT RER
RG-178/U 500 | 29 | 0071 427 ST | = MIABEKERE.

RIS (T) BHLTRAARSE S
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FHEBEHELEX

HiXE

L =&, BAZH (H)

(89) Capacitance per length

(90) Inductance per length

(91) Characteristic impedance

C=8B%, BAENE (F)

Z = [B47, BAIERE (W)
d=ABSHENER

D - REEAE, SN BBBEEHER
£ = BEREHNBER (e=ce)

M= SHAEH (m=mm,)

I=BHgKE

REE

E49: FHE S EHRE

66
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PCBfIS4:

+R20: FTRXBSL (AWG) Bk EHEAE

AT — _ Mz HR , dcEEfH
in mm BZEH mm Q0 /1000 ft Q/km

36 Solid 0.005 | 0.127 25 0.013 445 1460
36 7/44 0.006 | 0.152 28 0.014 371 1271
34 Solid | 0.0063 = 0.160 39.7 0.020 280 918
34 7/42 0.0075 | 0.192 43.8 0.022 237 777
32 Solid 0.008 | 0.203 67.3 0.032 174 571

32 7/40 0.008 | 0.203 67.3 0.034 164 538
30 Solid 0.010 | 0.254 100 0.051 113 365
30 7/38 0.012 | 0.305 112 0.057 103 339
28 Solid 0.013 | 0.330 159 0.080 70.8 232
28 7/36 0.015 | 0.381 175 0.090 64.9 213
26 Solid 0.016 | 0.409 256 0.128 43.6 143
26 10/36 | 0.021 | 0.533 250 0.128 415 137
24 Solid 0.020 | 0.511 404 0.205 27.3 89.4
24 7/32 0.024 | 0610 448 0.229 233 76.4
22 Solid 0.025 | 0.643 640 0.324 16.8 55.3
22 7/30 0.030 | 0.762 700 0.357 147 48.4
20 Solid 0.032 | 0813 1020 0.519 10.5 34.6
20 7/28 0.038 | 0.965 1111 0.562 10.3 33.8
18 Solid 0.040 | 1.020 1620 0.823 6.6 21.8
18 7/26 0.048 = 1.219 1770 0.902 59 19.2
16 Solid 0.051 | 1.290 2580 1.310 42 13.7
16 7/24 0.060 | 1.524 2828 1.442 37 12.0
14 Solid 0.064 | 1.630 4110 2.080 26 8.6

14 7/22 0.073 | 1.854 4480 2.285 23 76
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F21: RKEFESAWGH X%

® 2 f &

o $ i

f5 = 8 | &8

ey € 4 =

E & NG NE 38

I ETH B o & 8 c -

€ — € g N o

NES I € o i

fix N & [ s Y i E

AWG Imax (A) Imax (A) Imax (A) Imax (A) Imax (A)

30 2 3 3 3 4
28 3 4 4 5 6
26 4 5 5 6 7
24 6 7 7 8 10
22 8 9 10 11 13
20 10 12 13 14 17
18 15 17 18 20 24
16 19 22 24 26 32
14 27 30 33 40 45
12 36 40 45 50 55
10 47 55 58 70 75

IR AT 25C HRFHIES.

5l

HEERIER, o PUEINE 30 £ Teflon SEMNERAEREL D ? BEXIEH
Zh?

EXR

Imax = 4A

SL4RE =200C

68 IS (T) B TRITARSES



&R

BRI o
BIEIVE Eie e (RTD) o
TIRERERM o

HEE JFIK




ti.com/precisionlabs

WL

B E
B EENT

HUEHE
Rl ZYOLEE
%0L>
HEFMEEHEY
HREHF

HGEH S
YR GHIT M 2 B ) T

b’
J.,008L>1>D .0G¢-

ameadwag

D 00E"E 2.002=
AL

4
=1

Agg

Bl i

My E

At ) %7 3 44 ¥)
IR EE WY

A8'0ZV0

HUEE
HEF

N2 TEW—W XD

W R Bk

OINUT-~szke £5RENTNE

ZEF | YEIHBES P

¥
9 SUSI=IZ) [ele=

aunpaduag
LEEL e
1]

fffJ”Fff!m
DuIALE

AED

SH=

WYEL

B AT Tkt

MA6'E€FZ08LK000LLd
MOBEZ8LE00LLd

(R M o) ZLIRESER

YERY G B B
WS V> FF M EH R T B
HREHF

H AP TR

=l
=

J,068>1>D .00¢-

sunpadual
oL0ee 008
Lo

|
fi e s

alyd

WYEL

B &

EEHEWEREEHD
HEY
MAB [E+1 & H &

B P 2] 3 Y

BRIE
RIONZG & “HFFEHET

ZEHWHYMERLFED
BEEWHEB &
¥
J .061>1>D GG~

SN ISR |
2521 e

il BB

F21: RKEFESAWGH X%

PCBFIS4%

RS (T)) I TR A RS EH

=

fd5
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#hiyea P . BB PH 2R IR, Steinhart-Hart 5 R

1
T=a+t bIn(R) + ¢ (ln(R))3 (92) Convert resistance to temperature for a thermistor

EXE

T=8E, BFF

a, b, ¢ = Steinhart-Hart A2 X E 4
R =, BAIRLE

el R EPERR, Steinhart-HartHEX

1
3
] (93) Convert temperature to resistance
for a thermistor

1
X = aTT (94) Factor used in Equation 93
C
y— (1)3 : X2 (95) Factor used in Equation 93
3c 4
xR

R=®BpEE, L0

T=BE, B

a, b, ¢ = Steinhart-Hart A2 X 41

x, y = i EEEARE T ER T AZIMSteinhart-Hart & F

MR (TN) I TR O RSEH 71
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RTD:EES®HMABREHEX

Rywg = Ro[1 4+ AT + By T? + Co (T — 100)T?] (96) RTD resistance for T<0°C

Ryq = Ry[1+4A,T+B,T?] (97) RTD resistance for T>0°C

EXE

R, = EESEER (-200°C<T<850°C) AIRTDEEFE
R, = X FPT-1009100W, XFPT-1000:41000W
A,» By C, = Callendar-Van Dusen %4
T=IRE, BAERKE (C)
RTDHEESEEHRETER (T>C)

RTDiR ESHMAREFER

R
—Ao + JAoz— 4B, (1 - —f{om) (98) RTD resistance for T>0°C

T=
2B,

HEXE

Rarp =i B SEEIA (-200C<T<850°C) FIRTDE A

R, = 100W

A,» By C, = Callendar-Van Dusen# &

T=IRE, BAIRKE (C)

#23: I ARFRTDHIR AR Callendar-Van DusenF £

23: $t A FRTD#r &I Callendar-Van DusenZ& %}

IEC-751 DIN 43760 EETWE = ZETW
BS 1904 ASTM-E1137 ) _,
EN-60751 JISC 1604 #D-100 L ITS-90
A +3.9083E-3 +39739E-3  +3.9787E-3 +3.9692E-3 | +3.9888E-3
B —5.775E-7 —5.870E-7 —5.8686E-7 -5.8495E-7 | -5.915E-7
Co —4.183E-12 —44E-12 —4.167E-12 -4233E-12 | —3.85E-12
~fl
ERE{E M 60 A9 ITS-90 PT-100 BE RS D?
EXR
-3 B _ 120
~(3.9888-107%) + [(3.988810-%)2 - 4(~5.915 - 107) (1 - 157)
T= =50.5°C

2(—=5.915-107)

72 MR (T) BT RO RSES



RTDHEMESREREHFER

n

-3

i=0

HEXE

Qi (thd)i

(99) RTD resistance for T<0°C

T=RE, BEKE (C)
RRTD = iR ESEE M (T<0C) MRTDHEF

ai=T<OCH, BRTDEMEBRENEENSTRN R

+®24: $H¥5HRTDEMEER EIRFM R

IEC-751

DIN 43760

BS 1904 XEIWHFE ZEILEE

ASTM-E1137 .

EN-60751 JISC 1604 ITS-90
ag | —2.4202E+02 | —2.3820E+02 = —2.3818E+02 —2.3864E+02 —2.3791E+02
o | 2.2228E+00 | 2.1898E+00 2.1956E+00 2.1973E+00 2.2011E+00
ap | 2.5857E-03 | 2.5226E-03 2.4413E-03 2.4802E-03 2.3223E-03
az | —4.8266E-06 | —4.7825E-06 | —4.7517E-06 —4.7791E-06 —4.6280E-06
aq | —2.8152E-08 | —2.7009E-08 = —2.3831E-08 —2.5157E-08 —1.9702E-08
as | 1.5224E-10 | 1.4719E-10 1.3492E-10 1.4020E-10 1.1831E-10
Rl

BFE{E AN 60Q Y ITS-90 PT100REE L7

Aohe
EX

T = (—2.3791E + 02) * (60)° + (2.2011E + 00) * (60) + (2.3223E — 03) * (60) + ---
+ (2.3223E - 03)* (60)5 = —98.6°C

EHNES (T)) IR A RSEH
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“REFEXSEE

EXE

V, = BN FREMERN -RERE
n=_iREEEBETF CECEMNED
k=1.38x10%2J/K, WR%LSFH
T=I8E, B
g=160x10-19C, =M EBEFHEE
| = ERZHRERR, BAURE

| = 1BFER

V,
Is = aTG/™exp (— 1{—;)

TEXE

IS = 1BFIE R

« = EEBBEERERNELR
V, = B FRENERN - REDE
n=_HREBEEF CeCEMNZE2)
k=1.38x102 J/K, BWREZEEHK
T=RBE, B

q=160x10"C, — MEFMHEE

(100) Diode voltage

(101) Saturation current

74
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kR

“HREBVESEEZEBXR

ES0R MR- TR EEEZH A, RIBZHRERHMEMNRIEGBEENTRE, X&E
AR ZEMRBBELET L. AT, ZREZHHHBEKRLND 2mV/° C. &E
BT, BESHI0.6VAIEEERE.

0.8 ‘ |
Ip=1mA Ip = 10mA
07 (= $lE =-254mVPC | R =-2.35mVFC |
>
EJ.H 03 Ip = 0.1mA T ~—_
R NE =-2.74mV/°C
I 0.2 \
0.1
0
-25 0 25 50 75 100 125
BE O

E50: —HREERESIREZEIXR

RN (T BT RO RSES 75
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iR ER IR HEERNJIBRERE (ITS-90474)

(102) Thermoelectric voltage

EXE

V, = S s
T=RE BAIREE
o = BHRRH

+R25: JRRBREIEEIHERIRAR

-219°C = 760°C
Co 0.0000000000E+00
(o 5.0381187815E+01
Cy 3.0475836930E-02
C3 -8.5681065720E-05
Cy 1.3228195295E-07
C5 —1.7052958337E-10
Ce 2.0948090697E-13
c7 —1.2538395336E-16
Cg 1.5631725697E-20

760°C = 1,200°C
2.9645625681E+05
—1.4976127786E+03
3.1787103924E+00
-3.1847686701E-03
1.5720819004E-06
-3.0691369056E-10
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kR

R ERIRhIR ERJRAEME (ITS-904#)

(103) Temperature

+26: JRRBHEEDEERIRALN

Co
Cq
C2
C3
Cq
Cs
Ce
C7

Cg

-219°CE 0°C

0.000000000E+00

1.952826800E-02
—1.228618500E-06
-1.075217800E-09
-5.908693300E-13
-1.725671300E-16
—2.813151300E-20
—2.396337000E-24
-8.382332100E-29

0°C = 760°C

0.000000000E+00
1.978425000E-02
—2.001204000E-07
1.036969000E-11
—2.549687000E-16
3.585153000E-21
-5.344285000E-26
5.099890000E-31

760°C = 1,200°C
-3.113581870E+03
3.005436840E-01
-9.947732300E-06
1.702766300E-10
—1.430334680E-15
4.738860840E-21

MR (TN BT A RS

B
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il R R HE EMKEREE (1ITS-9044)

n

Vp = Z ¢ (T)!

i=0

(104) Thermoelectric voltage for T<0°C

n

Dlam
i=0

Vi =

EXE
V, = s

T=IRE, BARKE

I

C = BHREK
uor GW = t—ﬁ;?&%&

R27: KHREBEEEEERIRAR

+ aoe[al(T—126.9686)]2

(105) Thermoelectric voltage forT>0°C

-219°C £ 760°C 760°C £ 1,200°C
Co 0.0000000000E+00 —1.7600413686E+01
Cq 3.9450128025E+01 3.8921204975E+01
Co 2.3622373598E-02 1.8558770032E-02
C3 -3.2858906784E-04 -9.9457592874E-05
Cq —4.9904828777E-06 3.1840945719€E-07
Cs -6.7509059173E-08 -5.6072844889E-10
Cg -5.7410327428E-10 5.6075059059E-13
C7 -3.1088872894E-12 -3.2020720003E-16
Cg —1.0451609365E-14 9.7151147152E-20
Cg -1.9889266878E-17 -1.2104721275E-23
Ci0 —1.6322697486E-20 =
ag — 1.1859760000E+02
aq = —1.1834320000E-04

78
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1£3

R ERIR AR KR ARERM (ITS-904 )

(106) Temperature

*28: KB REERRER LAY

Co
C1
C2
C3
Cq
Cs5
Ce
C7
Cg
Cy

-219°C=E 0°C
0.0000000E+00
2.5173462E-02
-1.1662878E-06
-1.0833638E-09
-8.9773540E-13
-3.7342377E-16
-8.6632643E-20
-1.0450598E-23
-5.1920577E-28

0°C= 760°C
0.0000000E+00
2.5083550E-02
7.8601060E-08
—-2.5031310E-10
8.3152700E-14
-1.2280340E-17
9.8040360E-22
—4.4130300E-26
1.0577340E-30
-1.0527550E-35

760°C = 1,200°C
—1.3180580E+02
4.8302220E-02
-1.6460310E-06
5.4647310E-11
-9.6507150E-16
8.8021930E-21
—3.1108100E-26

MR () B TR O RS
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®29: FRAMHMHENRRE

LZE ) ENRRHE " ENRRH o ENTRH

2] 4 % 6.5 % 6

2 47 S 19 i 900

b -72 A 4 e 440

R 7.5 KR 0.6 i 6.5

Bk 3 BRGES 25 3 2.0
HEES -35 2] -15 E=| 4.5

£ 6.5 A 0 (i 500

i 300 £ -9.0 5 7.5

AR BAGAV/C. PRAEHEEHEOCTNE.

80
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A/D #if

THFARHETIRE .
A/DFID/AREHR R ER @
EHIRE

{SI2LL (SNR) o
{FIRLEFNKE (SINAD) ©
RIEEKE (THD) »
BRNAIEL (ENOB) o
EREDHEERYDHE o

100 —
oM

010 o .

001 ___ el 1 1)
000 L

+1/218B— 4 4 '
-mm—b A4 A

Quantization error




A/D¥siR ti.com/precisionlabs

TR il R0+

) (EE2) 0 1
+itl 210 |0[1]2[3[4[5(6]7]8]9
+rus (g#06)  |0[1]2[3|4(5(6|7|8[9|A|B|C| D |E|F

RERB: Z IR+

i + it

x8 x4 x2 xi1 x10°x10° x10"x10°

b4
o] 0][0][1][3]

MSD LSD MSD LSD

8+4 +0 +1

ARG +tEl R = # H

it il
21236 R A LsD
2[118 R 1 90
2159 R
228 R H|¢|¢|¢|¢|¢|¢|
214 R 1{1{1/0/1({1]/0|0
ﬁlilz MSD LSD
2l1 R

0

128+64 +32+8+4=236

MSD
LSD=&{RBMAL
MSD=%&&H L
ti.com/adcs
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3373 A/D Conversion

BB RBI: IR IR+

726 25 24 23 22 21 20
] | APy
11110[1]1]0[0][1]

MSD | Lsp)

! !

128+64+16+8+1=217

2% 22 21 20 2% 2 o Qf

[1]1]ol1] [1]0]o[1]

8+4+1=13(D) 8+1=9

L__T__J
16" 16°
Rt —

MSD LSD
— 208+9=217

FRHHRE —

BRG] IR R A+ LR
it b EzE bl il ]

TG (BEE10 [o[1]2[3]4]5[6[7]89]10[11[12]13[14]15

7w (E816) [0[1[2]3[4]5(6[7[8[9[AIBICIDIEIF

+ it + 3t
x16°x162 x16'x16° 1619903 R=15(F) 30
) 161618 R =10 (A)
2 |6||A| 16138 R =6 (6)
MSD LSD 16L38 R=2(2) o

2(4096) + 6(256) + 10(16) + 16(1) = 9903

LSD=&1RA XML
MSD =&AL

ti.com/adcs
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| RAPGAMA/DIHEE

5V

FSR
0E 25V
SFoESVE

EEEME
ADC

VREF

12fiADC

5 #¥
+; /0

E51: BREMAADCHEIETEE(FSR)]

BRI AADCHETRRERE(FSR)]

V
FSR = REF
PGA
FSR
1LSB =
n
3Ll L BRI E R B,
VREF 5V
FSR = PGA - 2 - 2.5V
FSR 2.
1LSB = 2?1 = Zfzv = 610.35pV
ti.com/adcs
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3373 A/D Conversion

. BEPGAHIA/DREHZE
: 2,5V

Veer
FSR

0E £1.25V

ﬁ% #y

12{iADC ; /0

FoZE5VE :

ESEER
ADC

E52: WiRkHHAADCHERTEE(FSR)]

WM ANADCHEIRTEE (FSR)

_ VRer
FSR = PGA
FSR
1LSB = 2—n

St LR R THEIR B,

psp o VREE _ $2.5V

PGA = > = +1.25V = 2.5V
FSR 2.5V
1LSB=ZT = S = 610.35pV
ti.com/adcs
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+®30: FRBEHEER

L i ]
b +itHilE
11111111 255
11000000 192
10000000 128
01111111 127
01000000 64
00000000 0

| B =MD
i IME +itIE

127 -1

64 —-64

0 -128

=1 127
-64 64
-128 0

BB HFMNRE DR EIB: LS

BRI REFSH
EX—ERTAR

PR AN RE —

SIGN x4 x2 x1

b
[]lo] [1][1]

MSD LSD

[o][1][0][0]

[o] [1][o][1]

—(4+1)= -5

BB HFMDIRE AT HFIR: LUIERH G

ABEE—NUHNERMN —

RAHR

SIGN x4 x2 x1

b
[0][1][o][1]

MSD LSD

-+

4+1 =5

ti.com/adcs
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ferkes

A/D Conversion

R31: LSBEESHSWERNBEEBEZ BEHX R

10
12
14
16
18
20
22

SR

*32: LSBEHESSPEFIEEHREZEIXR

10
12
14
16
18
20
22
24

S

ti.com/adcs

FSR (HETEEH)

1.024V
4 mV
1mv
250 pv
52.5 WV
15.6 pv
3.91 v
0.98 uv
2440V
61nV

1.25V
4.883 mV
1.22mV
305 pv
76.3 WV
19.1 pv
477V
119wV
299 nV
74.5nV

2.048V
8mv
2mv
500 pv
125 wv
31.2 WV
7.81pv
1.95 uv
488 nV
122 nV

2.5V

9.76 mV
2.44mV
610 pv
152.5 pv
38.14 pv
9.53 wv
2.384 pv
596 nV
149 nV

FSR (HEREEH)

3V

11.7 mV
293 mv
732 WV
183 pv
45.77 pV
11.44 pv
2.861 v
715nV
179 nV

3.3V
12.9 mvV
3.222 mV
806 pv
201 v
50.35 pV
12.58 pv
3.147 WV
787 nV
196 nV

4.096V
16 mV
4mv
1mv
250 pv
62.5 pv
15.6 uV
3.91 v
976 nV
244V

5V

19.5 mV
4.882 mV
1.221 mV

305 pv
76.29 pv
19.07 wv
4.768 pv
1192 wv

298 nv

MR (T) B TR ARSES
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A/D¥:if
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DACTE XL

DR =n FREMETEHAIE

RIDEE = 2" RWARBHEEHE
HEREHHSEE = FSR B R R SEEMLSBHEE
LSB = FSR/2" FNLSBHMBES#H AN
HERHHEE = (271)1LSB DACHHERH LB E
HERBANRG = 271 BECCUNGI PN T
BBV, = RADEE (FSR/2") BWHBESWARDZBHXR

FSR =5V
5000

HEREE=4.98y ~ 450

Output voltage (V)

[ 00
1LSB = 19mV | ooan

4 B T b
4941 I_]_
4922
4902
4883 iy
"
"II'1I" 1 Tt
onr !
0098 r,
o078
0.058
0038
HER
§§E=§§E--*EE§§§E/%@=255
B/ - - - T ¢ o= N "
EE%EE%E--*FFFFF?'—%‘}%:%L
| ]
Huoype =2
El53: DACHIRF
ti.com/adcs

88

MR (T) B TR O RSES



ferkes

A/D Conversion

DACTE X

DIE =n FkENENBAIE

RIDEE = 2" RERMESHE
HERTEEHBA = FSR WM NSEEMLSBE &
LSB = FSR/2" HNMLSBHBEESH AN
HERBABE = (27-1)1LSB DACHHERBMABE
HERHHE = 2" SRR AR

HIRRE: RIDEE = Vin/(FSR/2") WABESHHHDZENER

HERE

4RA =255

11111111
11111110

o s . . e . g

11111101

11111100

11111011

L] L]

GsE=2"

00000110
0000101

00000100
00000011

00000010
00000001

]

00000000

n

0.000
0019
0.039
0.058

=

DPR=8fL

0.078

BWARE (V

PPFE=19mW

4.941
4.961

g

4.922

rrrrrrrrr - .\
HEEEE

FSR=5V

N

HEEHEE=4.98V

E54: ADCEIRF L

ti.com/adcs
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ADCHIEILIRE
100
011 :
010 |
O
oooL—+1

MLB—AN A N4 144/
s — vV V VLV

BItiRE
E55: —TA/DRERBUBELIRE

E55: — M A/DEIRBHIRLIRE

IR ZEHEATESIN. INMRENRERRRBOFENRE. —MA/DEBRBHEL
REN2LSB. BHIRZEESELMFEMNBEESADCH H Z BHNESR (MNES5AR) .
2HESHMsA.

ti.com/adcs
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ferkes

A/D Conversion

REEAEEHEXEISERLL (SNR)

FSR/2  1LSB x 2N™!
V2 V2

MaxRMSSignal =

1LSB
RMSNoise =

from quantization only

_ MaxRMSSignal _ 1LSB x 2N1/VZ

R= — 2N—1
SN RMSNoise 1LSB/V12 Ve

V6
SNR(dB) = 20log(SNR) = [201log(2)]N + 20log (7>

SNR(dB) ~ 6.02N + 1.76

EXE

FSR = A/DEHBIHERTEE

1LSB = 1LSBHYEBIE. V, /2"

N = A/D#: R a8 H9 9 P

MaxRMSSignal = ADCHERANESHrmsE &
RMSNoise = ELBEFNrmsEME

SNR = IAESMrmsES B8R EMNmsE L

(107)

(108)

(109)

(110)

(111)

NG|

BREREELRE, EE5VEHERANSALADCH
SNR 2% 7>

=X

SNR = 2N-1/6 = 281/ = 314
SNR(dB) = 20log(314) = 49.9 dB
SNR(dB) = 6.02(8) + 1.76 = 49.9 dB

ti.com/adcs
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ADCHIELIRE
_ (RMSDistortion AV AV AV 4 4 Y 112)
THD(%) = (MaxRMSSignal) ’ - V; +100
_ RMSDistortion (113)
THD(dB) = 20log (MaxRMSSignal)
EXE
THD = RiEHKLE, rmskESEmsESHLL
RMSDistortion = FIBIEE D EMrms2F
MaxRMSSignal = BIAESHrms{E
V, = 8K BEABAGES
V,V, V, .V, = ERHIER
Vi

=

E

2

_Ig

153

0 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k
3T (H2)
E56: LA\Vrms ARAAIERFOER
ti.com/adcs
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3373 A/D Conversion

EiEiKAH (dBc)

Dy

THD(dBc) = 10 log [10(10) +10) 4+ 10(8) 4. 4 10(%)] (114)

ExE

THD = RIBEEXRE, BN ENmsESESHmsEZL
D1 =&, BEAWAES. XNEFEWAREL H0dBC
D2, D3, D4, ---Dn = X FEE NS A9 E K& K

g
o
o] ™
-20
-40 o
@ ¢ B
£ 60 25 s s g
2 D2 2T 5 8 8 &
1} -80 Q@ & 2 a o
[=] [=] -
[ S99
100 D; D; D,
120

0 1k 2k 3k 4k 5k 6k 7k 8k 9k 10k
$iZE (Hz)
El57: LAdBc A p Bk i ik

ZL]
#E L ERGIFE THD.

R .75 -95 110
{ (2) () G (1)]
THD(dBc) = 10 log|10 “+10 = +10 + -+ +10

THD(dBc) = -74.76 dB

ti.com/adcs
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ACES

{SLRELFIRE (SINAD) LIRB M%) (ENOB)

MaxRMSSignal
SINAD(dB) = 20 log( ) (115)
VRMSNoise? + RMSDistortion?
—SNR(dB) THD(dB)
SINAD(dB) = —20log (Jm( o) + 10( 10 )> (116)
SINAD(dB) — 1.76dB
ENOB = (dB) (117)

6.02

EXE

MaxRMSSignal = ADCHERBAMNrmsE &
RMSNoise = A/D## 28 PR FEMIrmsE A
RMSDistortion = T B I& 2 2Mrms &

SINAD = HERERILSKRENL

THD = RIEHKRE. 5 EDENMsESESHrms{EZLL.
SNR = IAESHmsESEXBENmsEZLL

AN

RIEIN T EFEEITHE SNR, THD, SINAD #1 ENOB:
MaxRMSSignal = 1.76Vrms

RMSDistortion = 50uVrms

RMSNoise = 100uVrms

EX

SNR(dB) = 201 (1'76 vrms) = 84.9dB
B °8\100 uwVrms/
THD(dB) = 201 (50 ume) —_909dB
=N\ 176 vims) T T
1.76V rms

=83.9dB

SINAD(dB) = 20 lo (
& /(100 pVrms)?2 + (50 pVrms)?2

—83.9dB

SINAD(dB) = —20 log <\/10( ) 4+ 100710 dB)) =83.9dB

ENOE — 83.9dB — 1.76dB 1365
B 6.02 B

ti.com/adcs
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ferkes

A/D Conversion

BiEKEAE (dBc)

RRESWESHENSPE

ZN
NoiseFreeResolution = 1
olsetreeResolution = 1082 <Peakt0PeakNoiseinLSB>

ZN
EffectiveResolution =1 —_—
ectiveResolution = log, <rmsNoiseinLSB>

PeaktoPeakNoiseinLSB =~ 6.6 X rmsNoiseinLSB

EffectiveResolution ~ NoiseFreeResolution + 2.7

AR RRARAPEKEZAEKFADCA PR, BN, — P24 iR =10H 3

PR RERF 2440

(118)

(119)

(120)

(121)

=Bl

REMEIEERE A 7LSB, A 24 (RN TIRE 7 B

EMBRDPEDARZ D7

E=

224
NoiseFreeResolution = log, (7> =212

7

224—
EffectiveResolution = log, <—> = 239
6.6

EffectiveResolution = 21.2 + 2.7 = 23.9

ti.com/adcs
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Bt EE#=r=RC

E58: 5A/D# k23 HXMRCE BB AV LT E]

+®33: {EEMEES IR IR E
UBEESARAY DUBRFNE | DHEERAEGHE  DURRR0E

RERE (N, E (N) ERTE (N, & (N)
1 1.44 10 14.43
2 2.89 11 15.87
3 4.33 12 17.31
4 577 13 18.76
5 7.21 14 20.20
6 8.66 15 21.64
7 10.10 16 23.08
8 11.54 17 24.53
9 12.98 18 25.97

= log,(eNTc) (122)

EXE

N =N, M EHEHE RCERERENBEME.
N;. = RCR[a & H 8

AR SIXFSRI . EX T PGAR 6 Y8 i i ANADC
FSR GAEIZSERD =V,

ti.com/adcs
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3373 A/D Conversion

R34: B ERHERIREEFREEE
DG HEFIRAE  DREESARMNE | URRTIE DEEESEARmNE

 (N) B (N, B (N) FEBHE (N,)
8 55 17 11.78
9 6.24 18 12.48
10 6.93 19 13.17
11 7.62 20 13.86
12 8.32 21 14.56
13 9.01 22 15.25
14 9.70 23 15.94
15 10.40 24 16.64
16 11.04 25 17.33
Npc = In(2V) (123)

EXE

N, = LHINLIRR E A B RO BT (8] & B 3 B

N = FBELLE

AR SIXFSRE . £ TPGART i Y B i AADC
FSR GHERSEED =V,

ti.com/adcs
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, enhancements, improvements
and other changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or
service per JESD48, latest issue. Buyers should obtain the latest relevant information before placing orders and should verify
that such information is current and complete. All semiconductor products (also referred to herein as “components”) are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the
warranty in TI's terms and conditions of sale of semiconductor products. Testing and other quality control techniques are used
to the extent Tl deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters
of each component is not necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products
and applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should
provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask
work right, or other intellectual property right relating to any combination, machine, or process in which TI components or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use
such products or services or a warranty or endorsement thereof. Use of such information may require a license from a third
party under the patents or other intellectual property of the third party, or a license from Tl under the patents or other
intellectual property of TI.

Reproduction of significant portions of Tl information in T data books or data sheets is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or
liable for such altered documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component
or service voids all express and any implied warranties for the associated TI component or service and is an unfair and
deceptive business practice. Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related
requirements concerning its products, and any use of Tl components in its applications, notwithstanding any applications-
related information or support that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise
to create and implement safeguards which anticipate dangerous consequences of failures, monitor failures and their
consequences, lessen the likelihood of failures that might cause harm and take appropriate remedial actions. Buyer will fully
indemnify Tl and its representatives against any damages arising out of the use of any Tl components in safety-critical
applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components,
TI's goal is to help enable customers to design and create their own end-product solutions that meet applicable functional
safety standards and requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers
of the parties have executed a special agreement specifically governing such use.

Only those TI components which Tl has specifically designated as military grade or “enhanced plastic” are designed and
intended for use in military/aerospace applications or environments. Buyer acknowledges and agrees that any military or
aerospace use of Tl components which have not been so designated is solely at the Buyer’s risk, and that Buyer is solely
responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any
case of use of non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and
Amplifiers amplifier.ti.com Transportation www.ti.com/automotive
Data Converters dataconverter.ti.com Communications ) o
DLP® Products www.dlp.com and Telecom www.ti.com/communications
DSP dsp.ti.com Computﬂs and )
Clocks and Timers www.ti.com/clocks Peripherals ) www.t!.com/computers
) ) Consumer Electronics — www.ti.com/consumer-apps
Interface interface.ti.com - ;
) L Energy and Lighting www.ti.com/energy
Logic logic.ti.com Industrial www.ti.com/industrial
Power Management  power.ti.com ) . .
I . . Medical www.ti.com/medical
Microcontrollers microcontroller.ti.com Security www.ti.com/securit
RFID wwti-rfid.com - o anty
OMAP™ Applications Space, Avionics and ] o
) Defense www.ti.com/space-avionics-defense
Processors www.ti.com/omap ' . ) )
Video and Imaging www.ti.com/video

Wireless Connectivity — www.ti.com/wirelessconnectivity
TI E2E™ Community e2e.ti.com $8zz022H

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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HEHH

WM (BB (TY) BT IR T3 7 4 BURR JESDAG BOSThRtE, AFHREEHI MRS HEAT B IE . 5ok, M98, BUSsLEBeL, FEARUIRE
JESDA8 Rt bt i LR UELE 177 AN 55 . % P11 AT S ARIRCHT IO HI G5 B, Yk s B AL 5 5 M LLALRURTAY . 417 b 6 6
AR 1T ST AT B BT 05 5 0

TIRAESE TR 05 0L AOVERE RS 7% 65 0T T -S540 G 00 15 KB LIS o DL T1 BRAEROTERPY, EL TI Ak AT BB A 220
PRI TR . BB IR T REEASE (5 W05 RGO AL O 05T S B AT

TSP ER 2 7 B A RHUE T S5 . 2 P SOA LR T1 AL 007 RS 117 5056, RN 2 P RIS AR K10 P
B PRI A I B S 2 A

TUAKI R TV ERIRL WL R R S T T1 ALk AL A B BLASSRTRATIOGH) T1 AP BUTT T O BB oL
WA TSR . T T 0655 77 ol 25 1 00012 L, AR T SR = sl 5 VF T, BB, SOATT .
B B TR 75 B4R 28 =7 0 A LT MR B TR PE AT, Bl T AR BLEIE RIR T T P T

AT TR PSR AR T1 (5 BRIy, (AR M AP E TS AR, . IR RN 4 R vEieT
ST 1A S LS IS A RAELAE T T RESK S S = 015 LT R R A A1 B 2

AR T ALPESURAIT A AL 25 2 OB 5 T b0 (05 B0 A7 22 S (B0, Mk G T1 AL SRS RO 1
IR, LSRR TS 0. JKIFHERDIAT . 1A EE T KRR IR AR A8 5 -

P AT, BRI AR B OVt T ARG, (LA 51 B0 A2 3 7 BSOS FRL AR T1 7 RSO AT v
e VRS AR % P, A LSLR IS 5 S0 AR BT A0 2 ARV, AT RUL SOl B I e
PSS AT T A S 1075 0 B R LT SRAUE S0 A 7 4 A0 2R 15 2K Ao o (PR T1 4L
R TSR B T 51

AESCAE 2rofs, 9 T M SR AT FIAT T REAS T1 ALEETAE BIGLRS. T) B0 EL B RLA B AL P B P B A 00 S35 4 0Tl P
U RE 5 e AN BRI 2457 IRV 8 SO, SR PP DY R B I B 2

T ALE AR T FDA Class Il (SSIAR A AT BRBSIT Wi ) IOBEBLYETT, WlE 607 ALY 51 bl T 4 TV BR B FRRORRI L
SURTTISEE T1 RBITED] R T2 1 G S R0 T1 20 R ok e | P T SO s Bef. W0 NI 8, AIFIRSA
PS5 AR T) AL (7 % sl R T RORE AR, UM H 7 iR, EL B2 B ) B il R 5 B FRAR K0 B 47
A REAER

T CUUFR 3 1ISOITS16049 SER /™ i, S8 3 T4, RIS T, DR BTk 5] 1SO/TS16949 %

Ry TSRS E,

F= i . FH
LEa=pT www.ti.com.cn/audio WBESRE www.ti.com.cn/telecom
TR BN 251 www.ti.com.cn/amplifiers THEWL LA www.ti.com.cn/computer
Bl e i www.ti.com.cn/dataconverters HHRHBT www.ti.com/consumer-apps
DLP® 7= i www.dlp.com izl www.ti.com/energy
DSP - #5543 4% www.ti.com.cn/dsp Tk s A www.ti.com.cn/industrial
IR A0 I 2% www.ti.com.cn/clockandtimers BRI7HT www.ti.com.cn/medical
o www.ti.com.cn/interface 27 N www.ti.com.cn/security
bk s www.ti.com.cn/logic REHRT www.ti.com.cn/automotive
e =g www.ti.com.cn/power AR AL www.ti.com.cn/video
iz A% (MCU) www.ti.com.cn/microcontrollers
RFID &%t www.ti.com.cn/rfidsys
OMAP R il b 22 2% www.ti.com/omap
Tosk i www.ti.com.cn/wirelessconnectivity M AR {ELERIAR S R X www.deyisupport.com
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