AR
=2 VATES'E
LIRSS LR E S R ST
QRS X 5
HAE AL 0] it
Bk RS RS
E(ERS 2 U )

2002. 5. 1



BHRRKER LR X

B

MR R & F R R TRREAR S ST 55 6 AR < 0 B i /& 8 sh ik
R R, HRF LR ARSI RE T 3555 Bl B R ARAI5.
% [H Keithley (X35 AF] 6517A. 642LN BF2 1+ (95458 BN B H AR

R T ISR R BRARGEKYE, FERXLTIHNE., W

R 52 B EZB B K.

) M58 2 BRI PE B RS TE B ARK TR TS A, {8 1287 53

ARG HAMNERNTH RS, EIFZWE, HTRE&EFE. TR
FEREARE, FaewmessaiiE s EXiEII8sMNE. Ak,

FATEATH S B

AT ERNBBH:

BaL ARG (ATS) WA, HEXRFE. B
o G RN: 620 0N DL AN B -3 i EEL R RN ¢

FITFE). ATS B4R BIBFIT ATS #55 RIRFENE S 3 FEAET 5T,

ATS FEHT]

RIS MR . RS232 IpvEELI B4k, ATS ik

HENFENREME . TR 5K 100mA-1fA 15 E ) B RMSS i &
K BEHIR, Rl SE SR B ALE S RSN R ML = HxH B3

Rr

MEEANEELEETHSMHUERE. REMSBEMUEN
XA T R RRS RIRENNEE RN, BdERER
B FRAMITERMES. F 20-bit T-A IRHEREHFFHX A/D &
MBLMEEEEUESE. HEATEIGALREFESAE. K
KEBEEES, FOTHNGS/ L3RR,

REEMS T EEEEEE RN R DRFEIRIE 5SS E8Ua T




BHRK MR

WM T IR MEREN B R - MR ESNEER

4 :
I,=AV = yaytY

i=]

EMSSERE SRS, fAYUREN BRIV E (980 8 fHsE
B RE. BRTEERRS. "TREEEETF. A/D #HhBEEERE
MAFEE S EREEHEA W, FIHRREEIESAER K,
S F IR B AR R R AR A2 PERIE R T 1A,

BATXAE T %£E CEC &7 Testpoint I BHMEHE|IENKT BF ATS
N B EHITHEERN ATS (55 AL IIBER) ATS BA4HL.

ATS BN ETE F XA REEXGFRARERSHE (SCPD M
MEAESHE. REHFNLERESHENZEGLSAE, HTETEF
(E RN EWNE BRI EHRNE, T T RS232 prER D B BRIl E
K] ATS #2il.

ATS BHERIES I, B SER N RHENERE, EFR.
BAKMHT, HABIERZGSH I TRBEMSERESTENS
. ARV R EHER A EHRESHEREMRRASE. X
FRENLT AT, & ATS IEE|T 0.5(A REE(E.

FARE ML AR 43 4 T B4 BALE SR8 B MR BR BEAT AT SL T A2 34,
A EMSE B E S ThRE., MG AT, KIBERE. L
GRS RPN E SARME S BB EMERRE. KA
SRR, ATS MEEE 0-2.6Hz EEAFSESBEFIEFM 0.17fA/

(Hz) 2. 0.03 fA/ (Hz) RN H SRS, FHREBIEMMBRAE
5 RN A B LR 75 A B Bhil X Th e




B A FEM X

ATS HIMNEARER 2T 5VFE, KR T SEFRRN KT,
%R 100mA-1pA6 MM BETEE, ATS MEAHHEE 55N 0.1%R L
5d-2%R+10d. WFEERSRELRGERBFE, HEABAAEATE
FRETE K,




ERKFER X

Abstract

To solve the problems of accurate automatic test Weak Direct Current
(WDC) in the fields of science and engineering technology, many world
famous instrument companies have developed studies on the measuring
techniques of WDC. The measuring technique used by Keithfey Instrument
inc. U. S. Al in model 6517A and model 642LN electrometer leads the
world level in the area of measuring in extreme condition, and has been
applied in some fields. Compared with the world top level, our domestic
techniques m this field still have some distances to catch up.

Although the techniques used in abroad instruments have achieved the
world top level, but this kind of instruments is not specially designed only
for the measurement of WDC, they usually have many other functions. And
usually, they are expansive. Besides, there are always some problems come
from special software. In this case, the applications of these instruments are
restricted in the special WDC automatic measurement. For this reason, we
have made studies on the Automatic Test System (ATS) on WDC,
successfully developed out the ATS, and got some satisfied test results using
this ATS.

In this paper, we mainly described our studies on ATS. It includes:
study on WDC measurement theornes, development of WDC programming
instrument, study on ATS soft package, study on signal processing of WDC

random process in ATS.
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The ATS consists of WDC programming instrument, RS232 standard
interface bus, ATS soft package and computer system. The ATS can
accomplish WDC automatic test in the range of 100mA-1fA. Tt can
automatically both measure and analyze low frequency weak current and
current noise.

The WDC measurement theory includes many principles. Each
principle has different feature. Through our experiments and analyses, we
think the principle here we adopted, the principle of negative feedback
extension in T resistance network, is the most suitable for the ATS on WDC.
According to this principle, we make an amplifier circuit to magnify the
signal of WDC with the programmable gain factor. This instrument also
adopts a 20-bit conversion technique to accurately convert WDC analog
signal. This instrument also uses a single chip microcomputer (SCM) to
process digital signal, control the gain of amplifier, connect the interface bus
and program the communication of data/command.

Based on the model construction theory of general solution for n-order
linear constant coefficients differential equation, and the parameter
estimation theory of random current signal in the least noise power, we
construct a function model of non-linear indirect measurement-WDC

measurement model:

4 .
I,=AV = Tayi-b

i=1
In the WDC signal processing, the WDC value is calculated by the

SCM on the WDC measurement model. In this way, many non-linear and
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uncertain influences are eliminated. These influences come from inherent
factors of non-ideal parameters, such as those of the OP amplifier, the
programmable gain factor, the A/D converter and the circuit structure, etc.

Due to the techniques of low-noise analog signal processing, accurate
digital filtering and electromagnetic shielding be used in this study, the
extreme measurement resolution of the ATS reached to 1fA.

The ATS soft package consists of Test Point Software (TPS, made by
American CEC company) and Programming Software. The Programming
Software is made by ourselves on the base of TPS, and it includes two
sub-packages. One is ATS Programmable Measurement Software, another is
ATS Signal Analyzing & Processing Software.

Focusing on the WDC signal, the measurement language of ATS Soft
Package adopts Standard Commands for Programming Instrument (SCPI).
Simultaneously, according to the WDC signal of a measurand, normalizes
the contents of the programming commands and data. This language also
normalizes the exchanges of ATS routine information and the measuring
respond information. Besides, it normalizes the ATS programming of RS232
standard interface bus for measuring WDC. The sub-package, ATS Signal
Analyzing & Processing Software, defines the measurement processing as
Gauss random process. In stationary and/or ergodic random process, we use
the statistic parameter analysis tool of random process to obtain WDC
statistic parameter. Using mean value and variance of random process, we
can express the measured value of signal and the extreme sensitivity of ATS.

By using the random process statistics, the sensitivity of ATS has reached to
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0.5 fA. Using in random process spectrum analysis tool, when make Fourier
transform to the autocorrelation function of the current signal processing,
we can get the estimations of power spectrum, frequency spectrum and
noise spectrum in the current signal processing. According to these
estimations, we can also express the component amplitude and the
component current noise value in each frequency. By using the spectrum
analysis of random process, in the range of 0-2.6Hz we observed the noise
spectrum and low frequency general noise (0.17fA/(Hz)"?, 0.03 fA/(Hz)"%)
n each frequency component. Simultaneously, we got the automatic test
function of the weak current signal and current noise in low frequency.

The methods adopted analysis and evaluation of uncertainties of the
ATS in measurement is accord with that of international recommendation. In
6 ranges of current from 100mA to 1pA, the accuracy of ATS is (0.1%R
5d)-(2% R +10d) respectively. The evaluation result of uncertainty in
measurement corresponds to that of our result, and the specification of this

study.
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s

elx =4kTRAS (2.10)
e /= AL RIE AN
E=%§if (2.11)

X r— WIESBME; o — BHEBRAMEHE: « — BRE
2 (Boltzman) % $(1.38¢™ i/K); 7 — BFABLINRE (K)-

HE 2 3R] DL PR 6l HE PHASPHAE IR = e 98, 2 S e RS P 75
ETFR. CEFRETHTI R T (1 +R/R)E T, ETFRHI T R R
e = 36 1 R 6l E BB R E RS E R R . WAMNER KThE
SR RBRARENFRZ ~. HTEHESREANEENERE, B
P A I M 75 RAR ARG E B A . B PR R A P R B IR R R %,
—HBIAN R M RERETFE, ERMEANYT. PELE, E
EREEAT, [FHRERREREIRLMEERS . SRR AR D) RE
BERA X, BRIGRERZZ A 1% F . mELR% LIRS
s e

2 22

T 2.13)
ffurf --—sz ff (
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BRRET LR

AP 1 — GUdRMESBERBEE; ¢ — BT ZEH(E EEFE
LTZRAEFE X

— R, EFEASAMEHRIERE R oA, SRS, A
FEME RFETZAEmMS, HENLD. &§BE, MEsEMESKRIE
SRR /N AR R B SRR S v R, RABUK ¢ ERKI)
R BRSTHBERFEE. ENBHE ZAHKE cEH. H,
A] F = SR ARE RGP A R e B AL R RE A R . ARPH R A R R L
XA

NI =20l0g (e, 35 /Vpc) dB (2.14)

L PR 75 FE U XU PR BIR S voc RIEBR (o = IR) TEHESRFEN
s e B o R A o SRR ERIELE. BTLL, 0 AT ESER
(n=logas), WEANTEFRANRFELAMER SHMBRFEEEN

ent = V1 Vpe - 100 (V) (2.15)

RF: j< %Eﬁlé‘uﬁ,ﬁg %Eﬁg

Epy = eqr +enit (2.16)

3T INE R FINEFE R, FEBUKES RBHEIEE P R TIRE RC EEER
] \%f‘ﬁl@ﬁ%?{] [45]1(46]

1

Rri

Em V'I:

@ é

F H ) B 18 P 4R I HE B R 3
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EHRFR L X

H(w )= VDC _ 1 i —arctga R_C

Ft

=12 = © 2.17

E B EIRE o=t/ R B, BIEH] 0> o S5 N KRS,
3224 BEIBNAKI[EWRSEEITF

KM S, EBEBKESH e, U RE £ 358 R
S HLBUR A BB AW, SIRKFEEEERRE. BEBKES
TSR TEARE: MAKREEE, WAEHRERRULBEERZ. ot
)R ERTERE; SHEBUKIBFHINE S,
1. BEBKESE R ABERER L

kbR HG, REHEER HEGRATRERAREIME. BAm, £
EEWRE TRIFAEEEE. WWMAKRFEEEN v, , HEBHU, , &
HEEREBPESHA v.RR, W)

Usp = Ust AU, (2.18)
U XTIB FH RSB S B g i B 2.5 Fror.
e % T U,ﬁﬂf DU "V | N
g iR O
D=

—

K125 KiFBEREEFREH

. U,
Ip=(Uy =V, - —S=—)/R, =¥, ! + 25
R, +Ry R.O+R, /Ry) R

(2.19)

Isz v —_— 05: + -UDS‘FE—'&UGS (220)
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B KFR LR

SR, HTRABREREZIET, Re200BHHERRE,
K, (1/R)aUEFERBE MBEHEEE e SR, Bk, 3T
=N e et 10k - A E

Mx — a‘{x _aUl:-s Al + a‘{x _ach _&Eﬁ_*_Uos
U, 0t 3U,, &k, Ry

(2.21)

Ues / Re IS Al FH S EUSVHEER, T H BRI I &5 4 2.
2. AV ERE R LREES

KEIME . REBMARFRERBRDI BN L« 5 WRAFSHE BT
FEXA

h= 172(h.+4h.) (2.22)

&Ib%f‘%@% Aly 5 [y, Ibﬂﬁ{_?%@?q A, « AL mljﬁ

1 ] I

Iy =1y + Al = — = +
2(Ib++1h-) 2(Ih++‘rb..) 2(Mb++1b-)

(2.23)

L JIERBUREE R EF R M 2.6 Fiow.

=
=0
NORS

&

K 2.6 {RE B IER L 25254 L B

HE 2.6 7]18:

I ) ' ' V{} V
Lo=lp+ly v I =1y 1+ 2= 2420 AL (2.24)

SReoMIE, WERRNEMER B RTESEE. K
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MK EB L X

sLEBHRKE (TN SRER. Eit, SSMEEGAE TNy
= g: .';""r AL+ 2], (2.25)

i 22.25) 58 — WU X B P A, 58 30 21, BO SRR AR TS R
3. BHEHIBURBHAMEE 37

ERBRFMARE X EHPE S, R W% SR A s
T A FER KRR AR, —RE R . — 2 R
HIRE = mIEE R LR, 2.7 Fimx.

WAHL | (pA/HI)
\

& 2.7 IZH UK 2R R

RIPRELH TR RE, EE8rR-8%s. MELT SR
VA FRXS N R £, R HIM KSR BRI RIE, £ BIK s
BN, & T RETCAE. SRR AU, St SR A

HMREFTARELH — AR EME AR, XA A LXK 5
wriRESARERNEE. B LS8 —HRETXERSHEH r=1Hz ; 7
=100Hz ; f=1kHz. |Hz WR:FEEER 1A KD; 1kHz fUREMEE
H{H. 100Hz ERE%FE, BEANSHFEE. ECH 1Hz ME TR S
HE e, BN A MR 4, MIZEE — 300K rAG BT iR A {EA

— 1 — 1
E =e ()" g, I =i (=)"* (2.26)
f J
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BARKEM LR
LEWR B=r,—r,  WHESIE SN
E_ir =en (E;ijl; d)''? =eqn( lnf;l_)”2 =1,52£;'(10g%-)” : (2.27A)
Lniry =int L.?% an'* =iydn %—)“* =1-52?J<logf,—j)‘” (227B)

= ORI p=r,—1, UE
PN

{5 —
B =( 2en dNV? =6, (1 - 1) (2.284)
i

NIRRT e, BRI B L, WE

eJil

!

f

=
b=}

A

f. 5 " .
Tw =([ 202 dNV? =000, - 1)) (2.28B)
|

EZEERKET, ETAMES L IRBERAEXN, BEERK
RMA LIRS N

Eqa =(Emye +Eg ) (2.29A)

{oa =(I§1ff +f§w )2 (2.29B)

S EFTLERTHNESE RSB MG AR, VARTEFLRSZWNE
. B, EUNRE SR S FEANFEITHH. B2, TR
P 4% B0 8 FH BONE PSR B BRLL, R IEEOK B R RN P IR 4
K AW IR MR AREEANEERRBBITRS SN . BERK
B AR A R, BB BERAALT (B 0D S\ i 1Y P8 e
FRER. o, FEILe1of RFREBREEM. BOKMSRERY
HIF B Eg N 2.8 o
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BRAEH T3

3~ ,\:7 &> {
I Ew If
h 3 ”:D RE
. S
X 2.8 1B E UK 28 Pk A 1 Y S5 2R e I
& 2.8 7] 15
2
¥ _V E a3 E V E E
]2 = o ~nA 2 0s y2 _ 7042 nA ) ~ns 2
; [RF(HR”RBJJ oV () =)+ ()
3 Vs a E E_.
12=1f+12, =(E)* +12 +(—}$)2 +(R—F'_)2 (2.30)

N30/ =M RIEBEARFER. BREEE, R EFREEER
LM SRR Em. FEan, A

1/2

. K E.

fﬂﬁ[m # (DAY (=2 )zJ (2.31)
R Ry

AT RDIEFEEN, HABEARARSIEREIIEE RS,
BASREEHRGTRERUPIHERUSTEE.
§2.2.5 UKEFFILARNE B 53 i 55 10 5

P P8 AR AR R B A R AR AR O, Bl SRl
AR HIZEEBCRHBFEMNSERE, TRl mESR R |, ~4E
MM ER ARTERGISHTHETHE, MILEREEm, WEAHE
fMEERITEE, BEAFREINMEE, AR O{ESFEREER.
FTUL, JLAEE s eV BRI B F A e B TR . JLAR IR S 554k SR ARG
PE Lk R T LI 2.9,
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BWKFEB IR X

4

Z! emé‘l‘) >
e Za%b
L L 2

%] 2.0 SEALISE 7 (1 2 ARG P 5 7

mE 29178

€Nm ~ El:m( - ) (232)

DR, HHIEE o, 2 e FARBMAII LN E, EHETIAFEE
Bl . R EMERE 2-2: =2, » Wew=0. B, kL0
FEAE T T 1 B R PR BT R AM G 1] B AR A5 I FE 4L

stk b, B TFEEARAER, SEBCKSMmAREZtREmHTEE
T2 MABIN, SIELE RIS R RIR E RN o IR
MR S R, AKYE R s N ERF B ER UL IT T XUZ FEfUF B, tnkE 2.10 B

l

21N
-
Y AN |
Se M| W (1. [} |1
* I
TR —— g
! ¢ | 8 « I
i |
| | ]
L"“W
—
T
fa 1

2 2.10 WEFHF IR

X B UL Rk, EENLRA B — AW R ROR UK 38 % B (AUF
B+ RRL), ANRRS AR R EALZN . NHFERESTIH G Rk
[Ripie . GHERNERES ¢ . MFHHEME R, BMET —&Kil@H, X&8
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EMRKFB R

B AR B Lo DR P ARIE S RS, T o). IR
Ry SRR T —@8 b, RSB F I ERAERAE
B A IR B L o AT RAVE R RSN N BB BB M
RIS AL, ZAEHESTRAEAEAD, FTUEBHRRD. ik EpE
PR Lo TR/, IXFEFUIRIE 7 FLAE0E 55 S B 4P 30 1)
323 A/D ¥z R E T

PSS LI E DCR AR A/D 34k 38 R K E AD A8 AD7710 854 5.
CRE-NEMAPERFERE. CRAS-AEREEREAR, TWMT 24
B TR IRTUME SR, TERERAR SR F R RS, 7
BT E F AT Hdr 4 4E, B F IR S8 LR E wiE,
EEIRFHS WAL G BENESRYE. EdCHARAREF X (RE
RHE. B RCHE. BRH), HREEEE. 5. HERE. HiEid
/S0 DB R ) TV AR UE R AT O SiMAL RS SEIRE $ . A/D B0 58
ThEEMNE B LI 2.1,

CK OUT  REF ouT
]
ﬁﬁ i&?ﬁﬂ
= N
EREEY
oS STk

K 211 B RBIEENER
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EHRAER LR

AT P 28 A/D REER L 2.12

W |

Vi + 3 4 g
S~ || ARARK
T T, Lekmaa AR
o DAG | e |

2.12 HBAFE R A/D FHIEER
I 1 RZEE/RFEEE. 2. E4HURSE. 3. MUK EER 2 R 2%).
4 tbEas (1 52 ADC). 5. 147 DAC. 6. UF g%

HE A 74 ADC B TAE R . H 56 SHERIXFEE S vi 5 1L DAC
RBESRFNFEAESUBRBEMES (a=V-h) . ERESTERNGE,
AT LRI E 7y« BB KMEBEE e (o =us(1/1CHaa FERRA,
RIE SEUF LR MR | L ADC TS E MR EE H#%, JFLL IMHz
EEBF. Je()>0 B, WEBUARISME 17 BAR, Be@<0 B,
Motk “0” REAIiR. 142 ADC 4R 48 R RIX H AR ADC Wit iy 1 AV
85y #ITESV.=V- o B E—IRRBERT —ME7T, LEH
—PRELS LMEWEY. KHEH, HESESHRED. HHSEK
SIHBIEMESE—MIET Z2IRRE GEREF ). MBF R
AR MAF BB ALRL N =N+ G = 129 A N LB . AR SH 9 v, FIRF R
BEEHASENAMIIERT. NUEEAETCH BITEROPHAHEFF
25 MEREIERFAITEIRE W, MMEH Z- AR, BRLEGESPE
MRB RS EHERSSEM, MRTBEEPRAEHEEREIRE
[EE S | I DAC IR RIRETHAK LHTRE. B, HhEE—
AR FHE ADC. B P EREER T EHME P H&SHE RN &
B S . B AT R, ERSINENAHT AD7710 & —1
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T RKFET TR

IRESC R B  HF 0 ADC 8845, [R2E L@ TS s KB B s

i
AD7710 S AR TEPRFFF MK 2.2
#®22
Z B " % %
24bits 3% v IR IE 8 88 80 1L A < 60Hz
20bits JETR A AL ANE=100Hz
ARG 18bits FEH SR HOL MR =250Hz
15bits FEH 258 E A Z=500Hz
12bits TR RS A% =1kHz
0 IR BB 4EIF 1T <60Hz (25°C). MEIE N+
ixiEst £0.0045%F5 0.0015%FS
+0.0075%FS Jeik SR Ek S <60Hz (EREFTREA)
WIRER 3uV/C WAL, 2. 4, 8
TAIERE 2.5uV/C WAEL 2, 4. 8
RIGRE +0.006%FS $ RIE 5 £0.0015%FS
% Eilllcl ] d >92dB
A 2.5V~35V K Vrgr = 2.5V-5V Bl EE
it e i 5V~10V Vop= (5V-10V) +5%
I¥E 52.5mW kP Rk, #A{E 30 mW
15mW BRER M/ TF 15 mW (—f& 7mW)
&ETE -40°C~85°C AR B
55°C~125°C SH: ZERLEK

22 650 AD7710 F 24 fif ADC. AP F RN EEH
R, REEXAENRETRESHNAMEBERN—F, MREANXET

SPNERP I

2 fEB A HRBISE .. IR HER SWMAE TXRF

FIZZZE R ( Nyquist) BRI LLER L RFEL R, BBIEMBEA 24
PMEBRBRIRFRSHER, [EAANRBEERELLR. Fi4 AD7710 TIEE

ShER I i AR 5K,

HEHRMELSREEZTMN . HZERMEE,

ER T 20 AL REGHTXT R R BOESE, Bl 20 MR AERUE SRR

%jﬁ[ﬁ‘ﬂﬂ
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BHRAFERE LR X

MBEBRNER TR, EH TN EAER . BEE B EW Ve 2.5V,
FAERIZE N <Sppm/'C o EH, MABREEER 0-2.5V,
Y24 BRUENLRS
$2.41 2047 A/D $%5%28 5B LR RHE

AD7710 FIHATEWORME T ZMEE, LIS 2 At/
WWEAHLIERE, 3T AD7710 BATIEH, MWRIHFESIEE. 5 AD7710
FITEAN, BEEBEAEHFFRET. ADT710 5 8XC51 EHERRIE L
B 2.13.

pug))

Pro ¢ ~+ RFS Wnﬁ»——T Va
P11 ~+ TFS
P1.2 DRDY
8XxCs1 Pis ~4 AO AD7710
Pis ~+ SDATA
P15 SOLK  MODE —

2.13 8XCS! WitHEHL5 AD7710 K3

Klrh: ADD7710 A4 EFEp RIS AR R, T 8XC51 A P14, PIS{iEHR
i, H4& RFS. TFS. DRDY. AU AD7710 & A 1R{EHIETFE,

SR ATH I FEREITEHERE. X AD7710 #1712, BRFEHRER

WE 2.14(a). (b)-

5
=
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B ARAFE 183

HYLMIsaL

v

E RFS. TFS A&

(!

£5#) DRDY &

NO
DRDY=0?
YES

Y

& RFS A{KET

#1

BT DR FAEEUE

ix3

Y

& RFS A HE BT

v

438 MSF~LSB

v

%2.14(a). AD7710 IR ERFRE.

§242 BRIENRSG T

159 H A B A 89CS1 S H Al CPU &

SRR EEERRENE 2.15.
8021 Pus Ae
ATTE P Fil % - it Tt RE LE
- Py Pe
p ¢ te 8
! ﬁ [h B B
KD TXD
X232 o ) " 28
|§ Por  Pas p I_Eﬂ
RS23238 1 141032 B

BHLuIRLL

v
B RFS. TFS. A0 A H B F

y
o] BN as AR Hoan & /8

v
H TFS. A0 M{k

X3

r

RENEAEOERRSHL |

v
H TFS. AOAEEFE

v

%12.14(b).AD7710 1% /EHFE E.

X 2.15 B Rt ELE O R E

2P0 - S
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BHRKFM T

i B R,

89C51 &5 AD7710 EE#SN, H
VO #EOS AL 74HC32

L& FHE DX 8255 Rl RiE
U A TUEL ] T/ MAX232 BB4TE O . 8255

SR EEEE Pc DIBSFIR AR E R VIR A AR EEK RS, R,

BT Py TR

5 RS232 s OFRAHS

GBS ES ., 74HC32 HHAET BHIESRAEER
58 SURNE L RAIRTEREEER R, MAX232 R 3
LGRS, BT EE R S AR AUARVE RS232 BT S

T TTL #F

ERIVFEALERE. 89C51 BANLEA UL Py OE NSRS, LIBRER
BRI 20 8255 1R RITEME B TU/E b RAM HUiR 7SS . LLE BN
E’ROM 1L F2E7E 8% . B, &SN RAM. ROM A hEIEIE G h
[EE R R/ DMEEIRS, T SRR .

A MZS ERFRE il 2.16.

| m { '
Rl Lig
e il *%E‘riﬁ&ﬁ —03 =
- T
ml i
@D

RS232 | =

% 2.16 B A NLEREFRFER

RS232 BB 4T HE O BB IR 2N
i FF A5 7 DATA, DATA, | e DATA.. | MR
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SR REF R

B=T WSTEAR S

BILFEESFFH, MBBERES K REARERFIPHICHRER
MEEMNEESHAERBEN. B8, B THMES. EBERARRS
LI AD BB EBUWBRFENFE, ERSHESRENEE, LET®
SIANBEEWNTFE. ¥ ffSELETREPZENE S TR TIE.
BAVETHERAEENREESH RSN THES . BT, MBE
N EREYE T PR EMRERER kR RR PR EENRN
.

§ 3.1 ARtk RN B R B EAL

BATAN, ERER T PHRXECLERS BAFE ST RABEN T
b, CEXAMYIGESSHETEREIMBERESNEMA., Al
R EMIT BT E .

s R RMENEAREL co T8 r=v/c , HTREREIT
WHIFE, v. CEAMBYEEMBEY , BN AHEREEERFES

f2m. &, MESEAREXNTRENS
[,=AV +n (3.1)
KA 4 — HRESHWEMRESHERE; n — WELFEHE
B RBENLTINRERE, 4 — REMHEEMNER SRR,
W n e E RS AN T, HgERE T X,
75 A2

Isi 21‘:.}'

- 2
0 #jf\n N0, “}} (3.2)

{E(n) =0 Cov(n,n )} =

A AT RAE AT m IR BTSN EE 1,7 y.., » £ r=min FHFT
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BWKFER L X

RHE 3.1 FRUFIE 2B 45,
HAAHMNEE (.7, P OESE T,

. _ 1
61;=01;,; ~01;
"
0 Il.::dffl._!_l-a HII._IFA (3.3)
k 5VI-=(Vm—Vl)f(m-l) ,

W nE-+ A4

n &
d" ! p
= — o p=nn-1, n-m) (3.4)

dv’” (20 v;)”
BB TN 0 BrBEWa TR, KM 2. KB EIINEE
XEPBRENEESHE o O EFEFRONEED. X FRIGE
KBRS, By, SEBNEMAE . WENSETERE,
B3 05 2T\ B AT v R AR E K

}i =x:ir

I

i (3.5)

i {
I
e
I
—

§ 3.2 MERYSELV
B, EXNRART m KMEBLEF, B8 TRSHENTINERN.
i,

[,=AV;=AV, +n, (i=1~m) (3.6)

Hom RPN BIER A R BT B Th A
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TRAET LR X

Q=n" n=(I-AVY'(J-ay) (3.7
KASHERE B/ S RSN TR ) R B8 A BT o 5k fd 0= min
N, SRIFIESH 4, REER 5;?=0 B, MR on KEEAE

A=vTyylyT] (3.8)

AR av 5ar REBERNEZRE, Bl

V=V, V2 3 (3.9)

ARRERFESHERNHELFESE. RS LIRS
Tl E TR

Iy = AV +n =za,V"‘ R (3.10)

1=l

AH: a-MERRHTLRETH: o -WERHEEEE
o~ E R BRI FIE B a-NERHEHIEREETER.
M P FTEE X BRI BIERANEAREE v . WEARER
ARBEMERERN Y, HMNEARERENEFE R, Bl

4
=AYV +U=Y a7+ U (3.11)

i=1

A, ER- 1T HEEMNELRNFLEEENERE. EHRT
MEREPEZRERERT LR RN E L.
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BHRKEZH X

RIVE WE5RRESHRE IR

4.1 BESEGLE SRRV S

SIS SR, BB RN ETIE, mT SRSk
LR, EZFAL S M IRAIBENIE S . XS — i 20 A, &R
R R (. B, BIRMNE & SE8 R TR SEA.
B[R FE 7, 1 SRR BNEESHR T BAMILE S HBEILERE 1.
M R AL FE B SEBLEY H B BENLE SRR TINES . EMEBK RS,
BRI~ B RERERE BRI G SREAE, Rl RS232 frvE
FATE O s ATS (5 S rikth. EFRESHEMIIT R4
T, 3RS NKBAMIESHAE. ATS ES S5 T RRIBERERE
A B ALE S RBETLTRE.

HE S NS RER n e &4

1=[re 1) 1)) | (@.1)
1) — SHEBEAZE B 1oXtRY o B 2RI RE AR IR
$ 4.2 ML FESR T S ¥ fh Tt

X EEFLE TSI, HIERIEM T EGRA] T
SX—ERERERE M, MM LEILEER S .
BIBRIEE, BRRESEILTERE R

1T
mf:E["{rn:flrl_ﬂ?L 1{t) dt an

PIE R AR v A

. 1 X
m, == > 1) (4.3)
1=1
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BHREBE R X

A ERIERMG A

A,

1 < .
o =EZ[I(&)—"11] : (4.4)
=]

REEMS T IT Z M W 855 R iiE S EE KRB REER RIS,
55 B LR S REVLE AR/ B AR R R AN ™

1 ¢T
Ri(x )=E[I(r) I(t++ )]=]im F-[:J Ity It +1) dt (4.5)

Tow

EREPSEA G R R

) N-Jul
Ry(k)=a i!(r, Mt ) la =1/(N-IKD], (4.6)

R (o)ERTEIERE roh ¢ 5 X NAISS HRESRMEXEENE
. W (o5 ETE S ERT M B, EAHS T8 RRE
SHAESERRERIEEKEM, F(o)RXEEENIEE. ISHER
5 SR e Aoy BIEE SR EISIhE., Mo EtL T4
B n 8 LRIRER, Ao/ TEIAHINE, RIBHEN—FREE, F
18 B AR BRI R v)=0 B T BUE G ELE /D FHEERE 7, RISHERESHE
LRI R s (o) A

] 2
$1@)=im ?E{IFT @)"} = F{R ()} 4.7)

T

< bh

Ij] $1‘j§-{ﬁ H' S’I(n) ﬁ

) N . )
Si(my=Y R(kye =¥ (4.8)
k=1

A A RAHREET BRI EERA, LA 55 ik LR A
SEILEMT LM R BRE BIRITh R E 5

Sitm=|Fron| (4.9)
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HEHRRER LR X

RO 1 P Al v AR 5 55 L BN L FE R B A
A5 R ALE S VU R MEAE T Th B AT 18 30 58 e st
B FE RO RS0 A5 RO ST 75 B R R AR

: of?
‘rnmse =ZSI(”) (410)
nfl

KGR IE SRR R, RAMIEN T B RT
YE R AT I — P PR SS R B AR RO FE
BLREYLSELE R, MR RE S I R R AKX A

N-1 .
i(y=1+)_1,8in (ZL‘IB-?“:,—+¢J) (4.11)
1=

AP: 8 — HESRHETIRBMENRE B=1); 1, — KATGCEN
8 R A 55 BIAE .

MA @D IR RI5S B HE S EHAE .

BN R G B HERNRE T ES TR T AN S EE
A, R TERKE. #BSETNESLAESTTRE, RSB T
WM EFE 5AE S TR ATS KA.
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AR EE 8 X

BIE UI5F

§5.1 ATS IhEEfid

FIREBL5E IR ATS ()2
R EEL: B R R UE S BT,

L BN RS (ATS)

2 H KA A AES LE B SRS R &
FRIBREX W BT~ E

T AR REALERE SRR AL, MR ERTIY
THRERAENE R, HENMNARXEZLRER.
ATS FTEHAEENBERME. RS232 O RLE, PCHHE

FLZ % . TestPoint Il & &,
AR, W

%

5.1

H )

x| 433 ?,‘f’%'gﬂ @SZ&I?EH PGﬂ‘ﬁﬂl?ﬁ

(DTE)

5.1 755 I ATS

RGN EERKHRMRRE T HrabE

estP0|nt

ﬁ#

AJS ATS
Hgiﬁﬁﬂl-ﬁﬁ:ﬁ g_gr;;#ﬁ%ﬁ

RS232 BN BRHEAMKZ S (DTE) 5HEFIAKRE (DCE) 24,

T 70 AT i HIBUE T X —MinERR O EFRAR AT,

P55 LI & AE A — DCE. M PC it EMRLNIEN—1 DTE.

RS232 H#:OHHEME T HHAMESSIKkMASEER TEIESR. FAT

MR BSARLAT

, & RS232 OB NKE E, RS232 EiilfE
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EAKE L

T (5l 5, 6, 7, 8 M 20) SEEOR/LDHMAERE. EILEiEERH
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