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ABSTRACT

This thesis present the basic electric instrument training equipment. It consists of analog
and digital electric instrument training equipment. It includes power supply , test bode and
multimeter. It provide student instruction and troubleshooting methools associated with electric

instrument.
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k> an = d
lisunsunansaditnes

;<<<<< DIGITAL MULTIMETER >>>>>>>>
;<<<<<< DEFINE PORT&PIN >>>>>>

MXDAT BIT P3.5
MXLDB BIT P3.6 ; CONTROL BIT MAX7219
MXCLK BIT P3.7
;PORT P3.4 - P3.0 CONNECT PORT BCD OF IC#L7135
BUSY BIT ©P0.0
POL BIT ©PO.1
OVER BIT P0.2
SWSEL_RANG BIT PO.4 ; SELECT RANG
SW1_VOL BIT PO0.5 ;FOR SELECT INPUT
SW2_OHM BIT ©PO.6
SW3_AMP BIT PO0.7
D1 BIT P1.0 ;D1-D5 PORT OF ICHL7135
D2 BIT P1.1 ;IS FUNCTION DIGIT INDEX
D3 BIT Pl1.2 ;
D4 BIT P1.3 ;
D5 BIT ©Pl.4
SHSCAL,_NORM BIT P2.0 ; INDICATE STATUS AND CONNECT

INPUT
SHSCAL_20 BIT P2.1

~a

;<<< MEMORY STORE SIGNAL VALUE >>>

REGIS EQU 026H
CNT EQU 027H
BUFFER EQU 028H
DIG1 EQU 029H
DIG2 EQU 022H
DIG3 EQU 02BH
DIG4 EQU 02CH
DIG5 EQU 02DH
DIGe EQU 02EH

;****************************

;<<<<<<< MAIN PROGRAM >>>>>>>

'-****************************

ORG 0000H ;CLR SHSCAL 20
;CLEAR STATUS

MOV CNT, #00H

MOV BUFFER, #00H

MOV A, #0FFH

MOV DIG1,A

MOV DIG2,A

MOV DIG3,A

MOV DIG4,A

MOV DIG5,A

MOV DIG6,A

MOV A, #00




95

MAIN:

SEL_MEAS:

VOL_MEAS:

OHM_MEAS:

OHM_MEASL:

AMP_MEAS:

;<<<<< READ
MEAS 2:

MOV DIG1, #07EH
MOV DIG2, #030H
MOV DIG3, #06DH
MOV DIG4, #079H
MOV DIGS5,#033H
ACALL READMAX ;DISPLAY MAX7219
ACALL DELAY_100MS
ACALL CLEAR DATA ;CLR VOL_RANG
; CLEAR STATUS
;CLR OHM_RANG
;CLR AMP_RANG
JNB SW1_VOL,VOL_MEAS
JNB SW2_OHM, OHM MEAS
JNB SW3_AMP,AMP_MEAS
JMP SEL_MEAS
JB SW1_VOL,SEL_MEAS
ACALL MEAS 2 :
JMP VOL_MEAS ; POLLING
;JB SW2_ OHM, SEL_MEAS
; SETB OHM_RANG
; ACALLCLEAR DATA
;CLEAR DIGIT&POINT
JB SW2_OHM, SEL_MEAS
ACALL MEASOHM L;MEAS 2
JMP OHM_MEAS1 ; POLLING
JB SW3_AMP, SEL_MEAS
;CLR VOL_RANG
;CLR OHM RANG
; SETB AMP_RANG
ACALL MEAS_2
JMP AMP_MEAS ; POLLING

AT 2.00 ON FULL SCAL >>>>>

JNB
CLR
SETB
ACALL
ACALL
SETB
ACALL
ACALL
RET

SWSEL_RANG,MEAS 20

SHSCAL_20

SHSCAL_NORM

READ ; LOOP NORMAL (FULL SCAL 2)
V_OVER

DIG5.7

DETEC_W

READMAX
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;<<<<< FULL SCAL 20.00 >>>>>

INC A

MEAS 20:
JB SWSEL_RANG,MEAS 2
CLR SHSCAL NORM
SETB SHSCAL_ 20 ;LOOP READ FULL SCAL 20
ACALL READ
ACALL V_OVER
CLR DIG5.7
SETB DIG4.7
ACALL DETEC_W
ACALL READMAX
RET
;<<<<< MEASURE RESISTANCE >>>>>>
MEASOHM L:
JNB SWSEL_ RANG, MEASOHM H
CLR SHSCAL_20
SETB SHSCAL_NORM
ACALL READ ; LOOP NORMAL (FULL SCAL 2)
ACALL V_OVER
SETB DIG4.7
ACALL DETEC_W
ACALL READMAX
RET
;<<<<< FULL SCAL 200.00 >>>>>
MEASOHM_H:
JB SWSEL_RANG, MEASOHM_ L
CLR SHSCAL _NORM
SETB SHSCAL 20 ;LOOP READ FULL SCAL 200.00
ACALL READ
ACALL V_OVER
CLR DIG4.7
SETB : DIG3.7
ACALL DETEC_OHM
ACALL TRIGSIGNAL
ACALL READMAX
RET
CLEAR DATA:
MOV A, #07EH
MOV DIG1,A
MOV DIG2,A
MOV DIG3,A
MOV DIG4,A
MOV DIG5,A
MOV DIG6,A
ACALL READMAX
MOV A, #00
RET
j<<ecc<<c<<< LOOP TRIGER >>>>>>>>>>>
TRIGSIGNAL:
ACALL TRIGER
ACALL CHK_SIGNAL
RET
CHK_SIGNAL:
MOV A, /CNT
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CJINE
CLR
ACALL
CLR
EXSIGNAL:
MOV
RET
;<<<<<<<<<< LOOP TRIGER
TRIGER:
MOV
CJNE
MOV
MOV
EXTRIG: RET
SH _TRIGER: MOV
CJINE
ACALL
ACALL
CLR
CLR
CLR

EXCHK: RET

A, #0AH, EXSIGNAL
CNT

SH_TRIGER

A

CNT,A
S>>5>>5>>>>>>

A, CNT

A, #00H, EXTRIG
A,DIG3
REGIS,A

A,REGIS

A, #DIG3, EXCHK
READMAX

DELAY 1S

A

BUFFER

CNT

j<<<<<<<<< OVER >>>>>>>>>>>>>>

V_OVER:

JNB

; MOV

V_OVER1:

MOV

MOV

MOV

MOV

MOV
V_OVER_L:

ACALL

ACALL

ACALL

ACALL
V_OVER2:

JB
EXOUT: RET
;<<<<<<<<<<< DETEC DATA
DETEC W:

MOV

CJINE

MOV

MOV

CJNE

MOV

MOV

CJINE

MOV

MOV

CJINE

MOV

MOV

OVER, EXOUT ;ADD
30H, #0FFH

;MOV A, #00H
DIG1,#$#00 ;CLR ALL DIGIT = FFH
DIG2Z,#00
DIG3,#07DH
DIG4, #0FEH
DIGS5, #00 ;A;MOV DIG6,#00;A
READMAX ;DISPLAY MAX7219

DELAY 100MS
DELAY 100MS
DELAY_1S

OVER,V_OVER L

OUTPUT >>>>>>>>>>>>>

A,DIG5

A, #07EH, EXIT
DIG5, #00H
A,DIG4
A,#07EH, EXIT
DIG4, #00
A,DIG3

A, #07EH, EXIT
DIG3, #00
A,DIG2

A, #07EH, EXIT
DIGZ,#00
A,DIG1
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CINE A, #07EH, EXIT
MOV DIG1,#00
EXIT: RET
DETEC_OHM:
MOV A,DIGS
CJINE A,#07EH,D_OUT
MOV DIG5, #00
CLR A
D_OUT: RET

;<<<<<<<<<< MAIN READ ICH#L7135 >>>>>>>>>>>

READ:
JB BUSY, READ_LOOP ;READ DATA ICH#L7135
RET
;<<<<<<<<<<< ICHLT135 READ LOOP >>>>>>>>>>>
READ LOOP: JB D1,READ LOOP1
JB D2,READ LOOP2
JB D3,READ LOOP3
JB D4, READ_LOOP4
JB D5,READ _LOOP5
RET
READ_LOOP1:
ACALL RD_SEQUENCE
MOV DIG1,A
RET
READ_LOOP2:
ACALL RD_SEQUENCE
MOV DIG2,A
RET
READ_LOOP3:
ACALL RD_ SEQUENCE
MOV ’ DIG3,A
RET
READ LOOP4:
ACALL RD_SEQUENCE
MOV DIG4,A
RET
READ LOOP5: ACALL RD_SEQUENCE
MOV DIG5,A
RET
RD_SEQUENCE:
MOV A,P3 ;READ DATA 7-SEGMENT
ANL A, #0FH
;P3 CONNECT TO BCD PIN OF IC#L7135(B8,B4,B2,B1)
MOV DPTR, #DATA_ A
MOVC A, @A+DPTR
RET

;<<<<<<<<<< READ MAX7219 >>>>>>>>>>>>>

READMAX :
ACALL MXSET DISPLAY MAX7219
ACALL MXLOAD
RET
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,-***********************************

j<<<<<<< MXSET SUB >>>>>>>>>
;FISRT PARAMETER SET (MAX7219)

MXSET:
CLR MXCLK
CLR MXLDB
MOV RO, #OFH ;DISPLAY TEST NORMAL
MOV R1,#00H :
ACALL MXBYTE
MOV RO, #0CH ; SHUTDOWN
MOV R1,#01H
ACALL MXBYTE
MOV RO, #09H
;DECODE MODE-NO DECODE (00000000)
MOV R1, #00H
ACALL MXBYTE
MOV RO, #0AH
;INTENSITY - MIN-MAX (00=0FH)
MOV R1,#00A5H; 8H
ACALL MXBYTE
MOV RO, #0BH
;SCAN LIMIT - 6 DIGIT (05H)
MOV R1, #04H
ACALL MXBYTE
RET

j<<c<<<<<<<< MXBYTE SUB >>>>>>>>>>>>>>
;SEND ADDRESS DATA TO MAX7219
; RO ADDRESS (B0-B3)

; R1 DATA
MXBYTE:
MOV ’ R2,#8
MOV A,RO
MXBYTEL :
RLC A
MOV MXDAT, C
SETB MXCLK
CLR MXCLK
DJINZ R2,MXBYTEL
MOV R2,#8
MOV A,R1
MXBYTEZ2 :
RLC A
MOV MXDAT, C
SETB MXCLK
CLR MXCLK
DJNZ R2,MXBYTE2
SETB MXLDB
CLR MXLDB
RET

j<<<<<<<<<<< MXLOAD SUB >>>>>>>>>>>
;LOAD DISBUF TO DISPLAY (MAX7219)
MXLOAD:

MOV RO, #1

MOV R1,DIG1

ACALL MXBYTE
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MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
RET

RO, #2
R1,DIG2
MXBYTE
RO, #3
R1,DIG3
MXBYTE
RO, #4
R1,DIG4
MXBYTE
RO, #5
R1,DIG5
MXBYTE
RO, #6
R1,DIG6
MXBYTE

;<<<<<<<<<<<< DELAY TIME >>>>>>>>>>

DELAY :
MOV
DELAY1:
MOV
DJNZ
DJINZ
RET

DELAY123:
MOV
DELAY3:
ACALL
DJNZ
RET

R1,#20H
R2,#0FFH

R2,%
R1,DELAY1

R3,#025H

DELAY
R3; DELAY3

;'k*'k*-k*********************************

;DUMMY DELAY TIME I2C_DELAY,

;'k*'k*'k***'k*-k'k'k***'k'k-k'k'k-k**'k**'k***'k'k-k*'k*-k

DELAY 10MS:
MOV

DELAY 10MS 1:
MOV

DELAY 10MS_2:
NOP
NOP
DJNZ
DJNZ
RET

DELAY 100MS:
MOV

DELAY 100MS_1:
MOV

DELAY 100MS_2:
NOP
NOP
DJINZ
DJNZ
RET

R7,#010

R6, #0E6H

R6,DELAY 10MS_2
R7,DELAY 10MS_1

R7#100

R6, #0E6H

6,DELAY 100MS_2
7,DELAY 100MS 1




101

DELAY 1S:
MOV 5,#100
DELAY_ 1S _1:
ACALL ELAY_10MS
DJNZ 5,DELAY_1S 1
RET

;**************************************

;DEFINE DATA CONSTANT FOR 7-SEGMENT

,-**************************************
DATA A:
DB EH, 030H, 06DH, 079H, 033H, 05BH
DB FH, 070H, 07FH, 07BH

END
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8. S NAN uYeIAURAIAIATEY (Range of Error) TufinA1aslumsei 1
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2
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° ' 4 8 A v = ~
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HOUd A9
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5 22k 9.96 V 2.174kQ Range of
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6 2.2kO 997V 2.188kQ = 10.5
7 2.2kQ 997V 2.188kQ
8 22kQ 998V 2.188kQ Percent error
= 0.72%
9 2.2kQ 998V 2.188k
10 2.2kQ 996V 2.167kQ
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Vz 100402
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15197 2.1 MImmaNuamnuneluAI835 Variable resistor method

Variable resistor method
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1, =504
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A15197 2.2 Msmmanudunun1elud1e33 Potentiometer Method

Potentiometer Method
E,., 0.1197v
Iy 50p4
R,, 2.38%kQ

2.3 ?ﬁiﬁ 3 Shunt Resistor Method

Vi 50kQ

Ve 100k %

m
2v _Zl

—x—ph—

Movement
Meter

gﬂ‘ﬁ 2.6 31393 Shunt Resistor Method

2.3.1 1husanaasan 1 Ao29e5am3l wiouasisdeunnugndes

[ a1 v d ;d
2.3.2 YSpamnudumulsuala v, sunseiuiiuves Movement Meter Hiau

ainag

o P o s ¥ v d
2.3.34a2995038 X wazdSuanudumudiuald v,  sunsziuduves

k4
2
Movement Meter FASIAIND

2.3.4 dasanudumudsumia 7, sennnisesuazian tuiinaradluaisien

¥ Vv
23 daldtide R ,)



201

A15197 2.3 MImMaNueIUMuMeluaI833 Shunt Resistor Method

Shunt Resistor Method

R,, 1.92 kO

2.3.5 Annammanuaumumolumas (R,,,,) Teoldaums

R - (le + RmZ + Rm3)
mave 3
25N
1.8k +2.38kQ2 +1.92kQ)
mave 3
= 2.03 kQ a8l
M1eh 2.4 mamamnudumunoluvesiimesyriuug
Variable Resistor Potentiometer Shunt Resistor Internal Resistance
Method Method Method of Meter Movement
R, = 225kQ E = 0119V
R, = 46.8 kQ I =50pA
R, = 1.8 kQ R = 2.38kQ R = 1.92kQ R .= 2.03 kQ
asirwamInaaes

v 4 o =4 dy =4 o
NNTNAABILNY I MINIET 1HITNVD. Movement Meter Si@uanaansonila
o ] ar v H ] 1 v v v
Taan31i1 Movement Meter m@aunmnummmumumﬁuammmma"iﬂmmmuﬂmm"lﬂ
g A o - 1 o q v A 4 v
i s ssuve i aeaindy 93 IS uves Movement Meter ndoudinnaao
2 Y 2 EA PN ¢ o X
2u1S3) U9 Movement Meter &n3aaing 1ntiushuenfines Janseiaveenas v ldnssuadn
o Y & dy [~ = A
#1HS 0909 Movement Meter S1uding MmN Hve9299s I wuyeynsuiiony
£ . 1 ar - o Y =y v
LU0 AR HRs IR uYeess Ao sz ldnszuavessrsffounn i
NS NAADI MIMIANUELMUMSIUaI0 33 Variable resister Method AnN13U3Y
1 4 o [~4 dy =4 Y] 1
AL MIUU992925 e 1S u¥B9 Movement Meter @tAvudinanazliumannu

Y { o =4 dy =4 - ' [ @
Sumiimiae i le i§uves Movement Méter - WANTNG IAUNLAAIVDUTIAUVOIINITIL



202

Y oW Aa @ ¥ 3 ;1 o A o < dy 3
wihdusaai s Uil aiuhmaud i1 #iSuues Movement Meter 3039
o N E4
anandnammanudunumely nnaums R, = R— 2R
NI NAABIMIAIANIEUNLNETINTE Potentiometer Method 1umsnilag
o o 4 1 T 4
MIFALTISURANAT B Movement Meter ¥z MANFAUAINALDLNTLUTFIGAN Movement
Meter 41315950 180 ldnam annudumuniglunnaums R, = E, /
0 Y1 v aa .
1/111#1@?\1?]”3111@114ﬂ181u%1ﬂ’3”ﬁﬂ15 Potentiometer Method
' 3/ g/ =
MIHAMINAADI MIMIAIANUEILNUAIETY Movement Meter 43635013 Shunt
v v
Resistor Method 11 V,,, fip ANuAumuitinnsevinuiiy Movement Meter 111015 ne1
v 3 dy :ll H 1 a
ANUAIUNIU Vo 19190999 Movement Meter  FATIAIND nszuah IMar1u@s Movement
£ &2 H =) 2 2 ] o Y [ v g a2
Meter 92aR04ASIN T daudnasanilaag namudmdunuilin a1ld v, mungugues
£
2993U190T ZUANS1ZTTUANUAIUNIUYES V,, HDANUAIMUNIUAGTY Movement Meter

¥ r v @ . v < JEgh v
ﬁlzﬂﬁ]\‘lwnﬂufl]Qﬁ]$ﬁ’]1l']'§ﬂu‘1]\1ﬂ§$uﬁ1ﬂﬂlllSUEN Meter Movement ‘]fﬂﬂi\‘]ﬁlﬂﬁ\lﬂ

ﬁWﬂ’lNﬁ’lﬂﬂ’ﬁﬂﬂﬁ@Q

k4 H
1. qumsmsdnama R lud@udumsnaansii 2.1.7 Huaisldodnlsvwans

TWiRuase
351 9ngas R, = R - 2R
R, = 468kQ
R = 225kQ
R, = 468k0—2(225k0)
= 1.8kQ A0

|

EY ] ]
2 fwes R, Judidudunisnaassi 233 fawity mnnudumuves v 110
Y [=4 y Y 4 ¥
1150171511399 Movement Meter Fa3ana 1Hoo141s
ﬂ' o e d’ d‘ 1] T ¥ (-7
e daneesiinn X nazuadi vardiu R, ssgaue swllds R, awng

] 2 Ly [ Y
asutensiaasilolsy V,, Tnd manumiuniu

i Y g d a o ar 9
3) MINARBINIAIANIAUNIUNE 1 UYDI Movement Meter 1% Toviuiimes I 14

ﬂ 1] E=-%
%39 199051y



203

9 2 VAo A ~ ~ 1 Y 2
llﬂ NI asUNIUATNINDTIN VADIAPADUN YD1 Movement Meter Nﬂﬂﬂmﬂﬂ\‘l

Py VAo kY
Suansmuanld

4) MPNUAIAMABUVBININANBINIAT R, usazITiBana g la vse5ue

HaNANURANAIA IUSTUY
1. Instrument error (AA2N 1a39a319meluvesuann
. a kU o Y 3 dy L P v ~t
5 Envirament error 1AM 1 uuny i liidugme 14 s se

@ v

3. Observation error [AYINMING VIR BIUAINANAIAIIANITOIAND



lpauhn 3

ﬂ”l‘i‘i’]ﬂﬁﬂ‘ﬂﬂ?”mvlﬂuﬂ1ﬁ%ﬂ

[V Jd a a
Tagilszasnrang@nssu
A )
e IRnAnEIANSD
v Y ot 9
1. 492993 1ADE1NQNABY
o v 1 Y 9/
2. Jamena9 luases lasgnagnaes
) ¥ 9 1 o e . 9
3. S ANV UNIUAB 1904 (Sensitivity) 14
Y ' =] VAo J 1 9/
4. TuiinAnia laegegnaes

a 3 a @ 2y Y
5. ﬁzﬂllﬁgﬁﬂ'ﬁﬂ‘lwaﬂ'ﬁ'ﬂﬂﬁ@\u'ﬂﬂﬂﬂﬂﬂqyallﬂ

A A ¢
in309NanazgUnIol

1. uvaese lunvilsuald 0 —20 v 1 1A509
v ans '3 :ﬂ’
2. YafAlnes 1 17599
4. Movement Meter 0 — 50 A 1 N304
5. gaanudumuuuuliumla 500 £Q 1 ¢
A A v
NQHHIU I

au12lunsde (Sensitivity) Ao anuamnsaveuasosieda luihlumsaiieiy
nszua I Aruveaamdeui (Moving Coil) YBaAT0IIB
tﬂ' [=) tﬂ' A w d‘d % T a @ A v )
dofnsanieadeda lihasanyhlumsasmefuiniina luns Taluasesla
T A 1 d’ N W d'd Y @ A [ d‘ s}d' J
whaudeiuniesiiedalwihifianulalumsiagen dninamsTad ldinseasannna
A AN o Aa o o v o ° 9
iaiieda ihitiany ldg e aumssuammanyhilunsiammsodmield

¥
VINGATAIL

1

aawlilumsin = — —— —
Anssuagegan Ivarunasnnaoui (4)



205

snasumume hunsesioda i ()

anulilumsia = , —
' =3 I3 =~ =1
mnszuagegai lnasuvaaamaaeun (V)

@ A Q
anullumssa finthedu Tevu/Thad (—‘7)

AVUVUNTNAADI

Movement Meter

Ein =5V
— R, =500k0 \ VY

51l 3.1 299smsmagevanu3lumsda

1. umanaaesd 1 sersasmuiinieuasindennnugndes
2. JSuuseau E, iy 5V
v W [ 3 9
3. Pudadumualfum1é R, Wilanudumugage
i o @ ¥ ¥ 3 :?’r:’-
4. five USvaannudunmiuam1d R, as e liiiuues Movement Meter 310U
ana
- Y 1 E [ T 7 ey =]
5. Sausssunnaseuanudmmuliuald R, uaztiufinnamsnaassasiunisie
HURNHANINATD
v 9 [ 1 3 [ 1 9 =
6. Yaasaarumuilium ldesnaninsiamanudumuaziunonanisnaaes

Tuansretuiineanisnaaes



206

:; C= ~
3199 3.1 Tufinwamsnaaedgih 3.1

TR 50 uA
ANUAUNMUINMI A 102.8 kQ
LI IRUANAT DN IR TUNIY 519kQ
aanullunmsia G/Z—) 19.807kQ/V

asiwamsnaaes

] < @ 3 [
RS Naastas Ny lanae sasdiusenieanuiunIuaeluves
3 @ o Qs H 1 w H o ~ ¢ A =4
nfessasuus s i Sanedunduvesnszua i diwesillsuvwdumna Tag
A ot @ :/’ P ° 9 P =4 S 7 Y 9
#5meinanylhlumsSauniiy nszua ihin Idlwes douvumuanaszuntos 0

wnasend WdhivhITwendeuun wumnatismannu hlumsdaesiind W lan

N

A0 INMYMINABDS

e . A o dy 9
1 A MUHINeved Sensitivity .Aooz lsiaziiaiuldediels

1 .. . A v s ] A A W A

a1 Sensitivity a0 Arnu 1y lumsa Guasesiieda lihadanyliluns
[ 1 Y =1 o LI Ad! d‘ A Qs cid w =t
Samatuaziing lumsiaases liwiiu Gaasesiioda ldhnfianu T lumsdage wlinny
Hospssniunsosiieda Ihidiau

ee . o da’ jd_] A @ s

Sensitivity 1NAVU A8l uanugivsoveuasesialddrlunisastedy

v v ¥ ) 3 Y
aseua I h Inamudiuiindeounveunsosiiontiuios

= =) as o 1 ]
2. Ea]l']m{s‘lﬂﬁll Sensitivity 5,000 ‘Nkl’dﬂx‘l’l‘ﬁﬂ”l'iﬂTL!’JmﬁWﬂTﬂﬁleﬁ’ijﬁfﬁﬂ‘lﬁﬁHWU%@Z‘I’J@‘I

A 4
waeun'ls
“ad o Qs l
2N anwlilumsia = — . —
Anszuagagan manuvaalmnaeuh (4)
1
5000= ' ~ A oo
MATZUAIgATl Inar1uYARIAIABUT
: oy 4 4 1
mnssgmqqu'Zriamummmﬂaauw TN =200uA AR

5000



luarun 4

A = = d
ﬂTii’)i’)ﬂll‘lJ‘lJﬂ“lfi’JﬂﬂNlﬂi’)‘i

o d a a
QﬂQﬂﬁgﬁﬁﬂl%QWQﬂﬂi‘iu
A Yo A
e lminEsuaiuise
v 9 9
1. 4972993 QA
° ' P} g Yo @ ' @ 9
5 dnnemanuaumun g msuvnssumsia 1a
@ EY =" 1 b 9
3. Jamuaztuiing lagndag

) a L4 I [ ay ¢
4. ﬁﬁqﬂgmmmmwamamammmmumyg'lﬂ

A A ¢
insesNonazalnIol

LunaeselvunudSum'ld 0-20V 1 1599
2. aRiines 1 N394
3. Movement Meter 0 — 50 zA 1 In509
4. wouTADTMNATFIN 1 1IN0
By [ v 9 [y
5. anuaumunuudsua 14 100 kQ 1 i
6. anuATuMuuuuUSua 14 500 kQ 1 i
a XNy
NI

@ I 4 =] @ Y = 1 @
ﬂﬁﬂﬂ']‘iﬂl@\‘li')ﬁﬂllm@‘iﬂzllﬂﬁﬂﬂ'l‘iﬂis{']HﬂUll@NNLﬂ@ﬂWﬂWﬂiZuﬁﬂﬁﬁ LHANHNINNU
~ o v ¥ 1 [ A P Y] g a < o W
$599 AITUIAIATUNTUUIABIIUAVYADIALATDUN cﬁﬂﬂ'll‘ﬂu’Nﬂﬁiﬁﬁﬁﬂlﬂﬂﬁﬂzu'lﬂﬁ
9 + s [ d‘ d' = a 9 dyl v 9 @ o
Aumulidosynsuduiuuaadmniouin 1asts19iEenAA UM fdunuiaaraly
(Multifier Resistance : R )

m

%
3N 4.1 239 50%A



208

° 9/
fimualn
v 9 @ A
s = maumuiiaaviane

anuauniumoli Movement Meter

= XN
I

~

W3R UNAsIMIVIEE 1A

I

~
Il

o AnszIAgIgad InakuvaRIAIARBUA
da 3 e .
anulveslanines ( Voltmeter Sensitivity)
ga o o 1 @ ° Y a o & A =1
any'lwesTadiimesifudiunduvesnszud Il s lviiduvediinesiioauuiay

a Yo &
ana Wonwduaunis ldsai

1
§=—
Ifsd
A ga s Q
e S = anu hyeaanimes v
A o 2 S & A g
I — nseua Rt iddsves TaslwesiDouvuauang

o Y v Ia S 3/ o 9/
nnaumsildnsioh ladliwesndanulgedesms 1, @1 lumeasany
) o=l ° )
Tadiwesitinnumdesms 1, g9
::y 1 da d = @ 1 ¥
wonaniimsmiannu hvesTraaiines 819RTUININOAIIAIUITHINANY

v da J o Ay @ nYY
Sumusauvedltaniimesaousaan Ifng1uia 1ad e

RT

S ="

VT
Ad' 9 cfl’ da o
e RT — AU IUMUNIUAYD 1IAANIADS

VT usanu Ifhngumsia

If

o i
HFoarsszIdlumslilannnes ihnssuanss
) 9 S aw Y a Y o & A o °
1. pouldarsnsnasvinldgnAeudofeutaduiliuinuazan Yo uAIBNIAYULNI
v} o FT <4 = = [ a
ms3aveiltiE it sany U luimeas ssudiuuasideomne 18

¥ A as = dysl ¥ A @ T A [ J cf/’
2. ﬂTﬂﬁﬂﬂi'E)\‘nﬂclﬂ‘lﬂu@@ﬁ@@miﬂﬁ?ﬂﬂﬁﬂu‘ﬁiaﬁJHTHﬂUIﬂaﬂlﬂTuu



209

daa 1

= =) [ Y a o @ 1
3. ﬂ'imnl%})ﬁﬂllmﬂﬁﬂuﬂﬁ1681u?ﬂ ﬂ?ﬁlﬁllélluﬂﬂ1uﬂ1‘i’3ﬂq\‘lﬂ6u Llé}?aﬂﬁ\‘ill'\

o Y v R o §9YQ ' 9o vooA a A
’ﬂuﬂﬁg’;ﬂ\‘]"lﬂﬂ']uﬂTi')ﬂ“]f\‘]ﬂflﬂHlll'ﬂgnlﬂa@nHfﬁuﬁlﬂﬂﬁlﬂulﬂﬂﬁlﬂalﬂﬂ‘ﬂq‘ﬂ

NAVVUNINADDI

d' o 3
MInNaaedn 1 I?ﬁﬂﬂlﬂ@ﬂwﬂTﬂﬁ$Llﬁﬁ'§\‘lllﬂﬂwu§1u

I- _____________ 9
! |
| :baﬁﬁma{
SOUA
| H | I
|
SUART

| R;, X | 73 HENTI
| RS3 S1 |
| 10V _:_____ -
|
I 15V 5V l
| 5IUMIIN |

; +

51 4.2 2993 1adilned Infhnszuanse

A o ' 9 A o o
1.1 9103129959 4.2 WANNUMIAANUAUNIU Ry, Ry, uag R, lddms
v @ @ 1 ¥ o o
v iausaan Tagldm R,Mmﬂmﬁ‘wﬂammmmméf”mmumﬂslumm YWUANIADS

@ R ' &
LLﬁSUﬂﬂﬂﬂ?ﬁﬂiuﬂTﬂﬁ‘ﬂ 4.1

R= K _ ﬂ'mmiffﬂ_
I ]m lave
M
V
R, = —5———2.03k§2
S0uA
= 97.97kQ)
1%
R;,, = iO———Z.O?)kQ
50 uA

= 197.97kC2



210

R, = — 2030
50uA

= 297.97kQ

A
)]
=

|

12 Thunananosd 2 Aensesmuglian Ry, , Ry,uas Ry, Mdmanudnmunld
nnmssmualude 1.1
o aAa da o 1 1 I o da P d? dy I
1.3 1015 NA80U A% 10ANN0TUARZEIUINA Taorh Tasimes nad19uui 1iia
o A [ Y ¥ 9 9 %] o A L Y R~1 dyd v YY)
usasuturae ansadsum 1@ udrsuuseduiunassiy IumauananngIuIAIg

uastuTnaves wunuraans aslumsen 4.1

RS
E, — EVM @v
ra

O
U

— — — —

da I's
Thasimes

I I'4
Thadilees -

AR RIY
AITUEAATS

d' ' A A Ia P 9 d%,
51N 4.3 2995MINATOUAY 1IaAN0INTI VU

u

o J d 3 o = 3 U @ a 3§
1.4 ﬂWu’Jmﬂ'lLll@‘iL“lf‘l-!ﬂﬂ'ﬂ‘lJWﬂWﬁW‘l (Percent error) USIDSUIHIN ‘uuﬁﬂmaﬂu

M13199 1
E -E
Percent error = [—1———2— x 100%
1
Jaofi  E, = useauiialdfiunaaing
E, = ussduismuaiiugn
A5

0-5V Percent error
[5.05-5/ 5.05]x 100%
0.99 %

[0:852107719:85]x - 100%

0—- 10V Percent error



211

1.54 %
[15.26-15/. 15.26]x 100%

0— 15V Percent error

= 1.70 % 04
15190 4.1 Tudinwamsnaaeagili 4.2
Multiplicer Voltage Volttage of Percent
Volt Scale Resistor Range Power Source Error
0-5V R;, =100 kQ 5V 505V 0.99 %
0-10V R, =200 kQ 10V 985V 1.52 %
0-15V R¢, =300 kQ 15V 1526V 1.70 %

(7N 4
TaalineInszuansa
2= '3 A A d" o 9 ar o Y
Tadimoniuaiesilefafuguildfumn luauifedemaldd Tasmmz
o 4 ¥ v @ o 4 o ¥
Thadiimesnssudase Mysonuuievnsiiuialasimesamsai ld lasgeenuuy

¥ Y Y I 4 A a o '3
AP ﬂ’JTJJGITHVITHﬂWEJGluﬂl@\‘]I’Jﬁﬂ‘JJm@‘iLLﬁé‘ﬁ’)\‘lﬁ]‘SWIEJ‘]JLﬂEN"U’E]\‘II’JﬁGI'JJWI?]‘i

Frdumuveesia

~ sa ' l
aMaon
gudalas 4 Rye Ry Rsz Rs,

V = 11596 2 1
+> laa  ®

.MU - o e

iy . Uines

ndeansda )

- vy w N o
g*]J*n 4.4. ’J\‘lﬁ]‘i"\liﬂﬂfﬂﬂ’)ﬂi’)ﬁﬂﬂlﬂﬂi

v o A L g o 1%
Tunsvenogamesenuuy Taaalmesi 1dTasaseslugy 4.4 vazanse
o 3 Y ] ar ; ¥
ANIUNIMANUAUNIUVI0UIA Ry, Rg,, Ry, uae RMH WonswA1ves R, uag

A A Y ¥ v A Y] ' v A
nsgud I We R, A8 ANNAIUNIU 9810871199 N 1 R, + R, ADANUATUNIY VB108TU3AN



212

Y U [ 1
2. Ry, + R+ Ry foamudnumu venegmidnii 3 uaz Ry, + Ry, + Re,+ Ry, A0
ANURIUNIY VeI 4

Vi =I,R, +I,R,

m”> sl

ﬂ = Rsl + Rm
R.s'l = Y_l_ - Rm
I

m

msnaaean 2 Tandwes ihnszuaasa

Thaatimes Wi

NISLETARIY

5111 4.5 2995 Tadiimes thnszuaase

21 nagtheesd 4.5 wsfoammanuiumu Ry, Rg,uaz Ry, Alfdmiy

1 ar ar YT -~ ar c; @ R T ci
VSIS IUINLIINU Iﬂﬂﬁl"]fﬂ"l R MUBUNUNTNADDIN 1 UuﬂﬂﬂWﬁ\‘iﬁluﬂTi"I\Wl 2

lave

=y o
AN

fmias v SV =V, +V,,
(501A x R, )+ (50A x 2.03kQ2)

5V =
S50uA
R 5" (50 1A x 2.03kQ2)
S 50A

=97.97kQ
fda 10V
10V =Vp, + Ve, + Vi,
(S04A x R, )+ (50A x 97.97k02) + (SOpA x 2.03kQ)
501A

10V =

=100kQ2



213

neuia 15V

15V = Vs +Viy + Vi +Vi,

(50,4A x Ry, X502 x 100kQ2) +
(50A x 97.97kQ) + (50 A x 2.03kC2)

50uA
= 100kQ2 91

15V =

a3
=2

22 uknaaedd 2 apaeesaiugl 1ao Ry, Ry, uaw Ry, 1dmanudmmm mi

naaod 3 lude 2.1

1 @ voAa o 9 Y o AaAa da o
2 3 aadrdumuanaiisiuan 1ddhfuissuaziminanos aslaaunos

Fusuafunsnaansn 1 vunnmalumsen 2

5 4 R1IMAT Percent Error Yodsiazsnuda funnmasiuaisiei 2

E —-E ’
Percent Error = [—l——z—:lx 100%

1

A5
0-5V Percent error
- [5.01-5/ 5.01x 100%
= 0.19 %
0-10V Percenterror =  [10.06—10/ 10.06]x 100%
= 0.59 %
0-15V Percenterror = [14.96-15/ 14.96]x 100%
= 026 % i3yl
ms19h 4.2 Tufinwamsnanoglii4s
Multiplicer Voltage Volttage of Percent
Volt Scale Resistor Range Power Source Error
0-5V R, =100 kQ 5V 501V 0.15 %
0-10V | R, =100k 10V 10.06 V 0.59%
015V | R, £100 kO 15V 14.96 V 0.26%




214

~ A da d v. 1 A A
2.5 AVYUANDUDI AY I'Jﬁﬂﬂmﬂﬁ RAITNU ISV Iﬂﬁlllﬂﬁﬂlﬂﬂuﬁlﬂﬁ‘ﬂﬂ?ﬂ'\ﬁﬂ

ao'ldil 0V, 2.5V,5V, 7.5V, 10V, 12.5V uagisVv

= A o Yt A da Sy dgl =) A
2.6 WoTUWwaIMA M IAAT 1adlines Ada1eyu banunmanaoy
A o kY 2 a ¥ z d
aumaiiidamamasueinia lnanmomung Viaungangunal uag
Y @ CAR i o N U [ [ 3
aunanndagiaes amaangUnial Wi anuiuMUiAD 9T UNB0 U IANE ALY
v oA FY4 ] 1y A 9 Q¥ Y A 2 3 A Ao 9 A ¥
#1719 rngnnaldusldalndidewnu Ssormduaunguiniiliinaniaau
d' 1 d! d' o Y a o Yo = s ¥ 1 v Yo d’
amanaey dmaumaniainlfifanndagfaeniinldnnmssumvesddiaes lavf

L1

a 4 Y 1 [ = A a 9 ks
HINAVOIUNDI "],N"lﬂﬂﬁ]ﬂﬂ']ﬁﬁﬁ]'lﬂﬂﬂﬂﬂuﬂuﬂaglﬂﬂﬂﬂﬂﬂiwﬂ1ﬁﬂﬁ$ﬂ1m

azilwamInaass

' g ¢ A o @ o
MM NABeUs19ENL N 1IaRTRDS N1 Movement Meter 1A diausaan 1141993
2 ] 1 o Y < A A ] )
S ouNaI910LIIAUUAIUNVDI Movement Meter Wetlnszuamamusenszud WA uaz
ar = Y o do A [ 9 v = Pa= LY] o CUN =4
LsesurziianuduRuE A uae mnusssudeonszua narmuimesnazies M lHiinves
= PP £ o [y @ < ¥ o LY AN=3 = 4
e ateuuuiien nUSUNINUTIaHIND nIsianee lvadiuwIn MM yYeaDI
A 9 a o 9 @ [y 9 dgl
Doamumnanlalés wazmsfiazii 1y Movement Meter 81171350 3au598u I geiuamnse
o ] @ 1 o ] v a & A o @ o
Smsveogia’ld msviegiia AensaeaudumMusynIufUlines Wei1as LY
~ 1 [ a ' [~ o @ 15 =
aseuadlvariu W lHRunnssusiuanaves Movement Meter ¥ Hanusodanssaun

2 yy 9 Al v v o oAa o A o s N
qwu"lﬂ IﬂﬂmmmumuﬂmauwﬂunmmLm‘uwuﬁmuaﬂ’saﬂmmmnu Universal



215

A1 INMENINAADI

N L= Jd
L domsseSatums ¥ Tasiimes nszuansalies 15tha
' 9 2 q9 Y Yy o o A o °
1.1 nouldnsasrarouinligndes Madudn uin - oy veunsoLIavUSIN
N o 9 P~ I~ P = PYR ' =) 9
s Savzihlamsmeauuveutubos 1 lufameassiudunazemdonio1a
g d' L =Y d’lsl J d' A @ i A ar ¥ q’}l
12 msldinseedaviinilaninomsoaioinnsounsovuruny Inaaminiy-
A a 9 g o 1 @ a 9/ A a 1 9
1.3 lunsainle Thaniwos vaied umsia M uaungIuNIsINgInou 1

AnANIUNTERIUMI TN

2. a0y hvesTaniimosnia dedals

aulhweshaninesdudiunduvesnsua lWih vldiSuves Tadiimes

=y 3
Uy VHSUTLNND
1
S =—
Iﬁ.d
&
$43)]

I 4
s= anuhveslanlnos

1o 2 S P 2
I, = aszua lihnn i uves Thadiiwesidoauuduenag



Tuauns

a [
N1FONUUUVLDNUIANDF

¥4

d
Jagilszaan
d' Yo 2
e ldunEsugIn
1 oS unendnmseenuuLLeNiimes 1a
o @ v
2. U5zneva99sdmsuminanesla
o N 9 ~ Y o a 1 n/ 9
5 SwnamsnnudumuniFdmnivvneinianszua’la
n/ ¥ ] by v
4. Jafen Turees lagndes
@ @ U ¥ by v
5. fuvinaanen ligndes

a s A ar an ¢
6. ﬁ'a;ﬂmemmwam‘s‘nﬂammﬂmumua'lﬂ

A A ¢
inseaNonazglnIal

1. uvaaneliass wuulsumla 0 -20V 1 19309

2. ffadtimes 1 19599

3. Movement Meter O — 50 ZA 1 1309

4. anudumulium’la 100 4Q 2 i
NQUIUBIAY

~a o g 4 @ as [ o
nowiiwesiduniesioflFlumsdanszualuihluiees lagerdonannisninu
d‘ A w = A ~ Ao Y \ s v d' d' A
veuAsealiolariiauaalnnaaui Ialii @ umuABYINUAVTIUNAADUYN
¥ I =y 4 a 4 @ =<1
Eunsosdariiavaaramndsunuuuiug i ldsunszua fhvine 50 24 Wy
Y [~ v i @ ] v v @ "9 o w
Goavuduana uaasiunioiaiasiuald 50 z4 woNe1uMIIA S0 LA UADIUIAD

2 Y o’

Y @ & v [ 1 A A A A ' Y v v
umudnianderuusuduiindoud veuaioailedadenariudinionszualy
Y Y 1y a <1 a v a :/’ Y v
miasilesamiumude 50 2A Suvzdoauuu hiduana Wiaiinszuelrih 50 uA utsonily
5 4 druusn Tasusadunuiinevuin dauiaes nadudrufiindouh 19011
3 ]
9 1] Qs ¥ a4 ¥ ar v ) v
aszua I 1dunadn 50 24 dnsuzuiiGonh nsosialdsumsvnsiuia
4& [ d' 9 (% 1 w Y [} 1 d‘ d' d’
195995 N IFHANNITADAIT UM UIUIUIHIN AV UIUA VT IUNAQOUN VD

A laha) el @l g N 1 200 W P8 9 L9829 1a
lﬂﬁ'@\ﬁ\lﬂ')ﬂﬂ'ltlﬁﬂ'luﬂqﬂﬁgllﬁ‘lwﬁq‘lﬂuqﬂ%uﬁuﬁﬂﬂ’)’l ﬂqﬁﬁ]ﬂqﬂﬂqujﬂﬁlﬁllﬂuulﬁﬂj



217

o v W i o v 3 U @ = o = 1w
ﬁ']“ﬂﬁUﬂ?él}']uﬂ']uﬁu'lw']ﬂ@ﬂ]u']ulﬁ@ﬂlEl'lﬂﬂ'luﬂ'ﬁQﬂﬂlﬂﬂllﬂﬂulﬂ@ﬂﬁ“ﬁElﬂ')']ﬂ’)

@ o
AUMUTUR (Shunt)
A A
VARIALADTDOUN
. -
{ T ow Y w s a 4
5171 5.1 MaRefIRIMUTURTUIRDS
Im-—-’ + @_
r, \_/Rm
Ly
I Rsh
—  } o—
4 -
d. " @ Y @ 4
511 5.2 2995MsABAMIUMIUGUN
4 £4 kY 4
nngifmuald R, = anudmumudun
£ A A
R, = ANUMUNMUVDIVADIAUNTDUN
A 1 @ w
I, = oszuelddhinlnaruddmugud
A 1 i A 4 A o o
1 = asma i lnadudaniimaeuii linssumaumna
1, = nszua s lnadngaees
nngiee ldaums



218

VSh = Vm
ISh RSh =V,
I, = I, -1

=N d 3 s .
goniineI NI IA (Multirange Ammeter)
=Y S 1] o = o w a ¥ o T =
LouSieosAinareiuiananmMIhARIUNIUVHIUNEI) AIWIABNVFIUTN
A a A A o Y a A ' o . o
wasunlunsodlodn Insldaiamaons1unisda (Range Selector Switch) Wudanaralums
¥ 3/
ADFIAUNIUVLIUNTA NN VI AUAVIIUMTIAUUC)
% ar Yo Y ¥ a = o A A Yy a o
Fon155239 Jum3 1Fa1A UM UVHIUVNIIIUNITIAVOUDUULADS fAononlyadiny
] ar d' 9 9 ] ¥ ar =4
Aontuns ST ANIEZA NUA UM UVIUADS HUIA9INIIR3 Wetlesduanudevie
d‘ =Y ar d‘ ~ ar
NoNAANUIAT030IA
d o d
T3 FuN (Ayrton Shunt)
A a =N P Al @ 1 I ar
%zaﬂﬂmvmmﬂﬂmmmummﬁﬁuﬁmﬂmmﬂ TaoMsaofIAIUMIUBYNITUN UL
o 9 3 T ar 1 d’ d’ d' d' A as
S UM UTIHUAIZADVUIUNVTIUNARDUNVDUATDINDIA
[ o T o ¥ d w s d 9 ~ A Y o Y @ @ P
oeng lsmaumsaesdumuuyy lesau Funivedone Aaadumuallaainiig
v 3/
Wa U aeens 019951 Ins daNan TN UABIIUM I AN LA
a & a .
uaummﬂﬂaﬂm (Ammeter Loading)
o o P ° ' I o v .
Jnueuiime s ninndeluassarstinnudmminiugud udluanudueis
=Y o =t P v £ A P [ & =y o Y o
wouieesns1 1FUA1n 1 UAIUNIUUDIVARIAARDUNDY T IUN UL dai ldinailaymn
1 l =N o
Ammeter Loading %Y Tunsaianudumuves Inaa 1osnNANUATUNILUBUBULILADS
Y oA 9 ~ CA A I a ast 9 3 A A 1
ﬂmmu"lﬂmﬂuaumﬂasﬂauﬂmﬂma@umﬂmmLﬂu%qa‘ﬁmﬁLm"l,ﬂﬁ]mumﬂﬂa 1@eNYIUNT
@ L] cg A 9 9 ~ S v o A2 o 9 A A w A kY
Faligetiuive 14A1ANNAUNILYBBNUINDINMIAIG J lnseeliolalnnNugNADY
A2
NPV
FonsszTdumsueniimes Ivhnszuansa
> . A M e qy Y A Yy o o & A &
1. A15A5290 010 1A5 04D TR 1NYNADIUTINDUINI 1IN TAUYUVNVBAUATOIND
Saorudovio1a
] 1} =y o v v ] 4
s Niaasaeusuiimesidifuuradsie i lag Taoasailosanyaalanie iy
a P ) v ° ) v P o ° ¥ A A
LANTADT AN IIWATUNIU Lm%m“lwﬂﬁzua"lﬂﬁwqﬂwamuuammm%um“lmmmm
Y= 9 =} 1 [V 1= LG YLy A ~ ~ a W
Safovne'ld a1518 000U IAYAUBNTIADT IANAIYY) INDAARNUITENIINDIAUNANY

in3ediinJaunsAInNgNABIZIAR



219

NAVVUNITNADDI

4 aa = 3 3
MINABBIN 1 AFEUIIROSLUVNETIY

r——— """ ~-—"~—-"~—-"~—-—"—-—--= 1

| Movement meter l

I S+ I _

| S0.A | wouiimes 1n¥h
I I NISHANTI
| Ry, ]

| 2mA AAAN + |

l SmA R5h2 l

| o AN ¢ |

! . !

I | auoma 0" |

| . o VYV |

I YIUNITIN -
| i —O

¥ k4
51N 5.3 2asueuiiines IWihaszuaaswuuAng

o ' Hq Yo w P @ b
L1 N3 AIIAT Ry, , Ry, 40 Ry, Wl miuvneidanssue lagly

' Ay Y o R A
11 Rlave NN uaﬂuu‘nﬂmaﬂumﬁaﬂ 5.1

adt o ' o 4 I R
AN ZIUNITIAN 2 mA  NINGAT Ry, = I"‘ I"'
_ 50uA x 2.03kCQ2

2mA - 50UA
Ry, =52.05Q ~ 500

§1un133af 5 mA
| 50uA X 2.03kQ
27 5mA —S0uA
R,,, = 20.50Q ~ 20Q

13 Taf 10 mA
5014 x 2.03kQ2
2 10mA - 50uA

R,,, =10.50Q ~ 100

A3
(o]
=2

|
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1.2 Husanaaeed 2 aeaesanglIao sanudiumu R, Ry, 1o Ry, a1
munguanldluded 5.1
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w1 a

youdinesuAs g1y

- =] L] d‘
Tfunnmasluaiseh 5.1

T

weuiines I nseuanse

T v ¥
51t 5.4 2vsmacouneniines Iihnssuaasenaiieiy

1 4 f1uIAN Percent Error vosaazgiuninmagiuasieh 1
NNAUNT

I -1
Percent Error = (—1——2]x100%

1

Ao = 4
Taw 1, = nszuahialdanueuiines
I

, = nzuahsmuaiiusiuia

35
-1,
NYAT Percent Error = | ——— x 100%
1
1UMSIAT 2 mA = (2.09mA—2mA) x 100
2.09mA
= 43%
§1umITan 5 mA = (10'15mA—10mA) % 100
10.15mA

= 2.53%



221

g1 IAN 10 mA =

{(10.15mA -10mA)]X]00

10.15mA
= 1477 % A
MR 5.1 Han1sNARBIgII 5.4
Amp Scale Shunt Resister | Ampere Range itandard Percent Error
mmeter

0-2 mA R, = 50Q 2 mA 2.09 mA 4.3 %
0-5 mA R,, = 20Q 5 mA 5.13 mA 253 %
0-10 mA R,, =10Q 10 mA 10.15 mA 1.477 %

3.

1

=]

A15NA@BIN 2 M3A0 Ayrton Shunt ieniimes fhnszudase

i
| | woudimes 1WHh
| 50 uA | nIzuams
|

Rshl Rxhl R5h3 I
| |
I Lama | 5mA Jioma I
| l o -
| |
| , 5 |
| aumsia I

QO +

e e e o e e m— - — —— -

< . -
311 5.5 2995M15A9 Ayrton Shunt uendiwes Wihnszuaase

° ' ~ o o 1 @ Y
21 NN NITIFIMIIM R, , R, HAE Ry, NFdmivamedmianszua Tnuld

R, winan udruiinaaslunisei 5.2

ave

ﬁ’] Vm = Im (RShl + RSh2

s 3af 2 mA
5044 x 2.03k€2 = (2mA — S0puAXRy,, + Ry,

1.95mA (R

2.03kQ = o+ Ron)

2.03kQ = 39(R;,; + Rz
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2.03kQ
39 = (Rsm + Rszzz)

52.05=R,,, + Ry,

g1UNISIAN 5 mA
V,+ R:hl =1, (RShZ + RSh3)

2.03kQ+R,,, = (5mA~5044)
50.A

2.53k + Ry, = 99(R3h2 + R3h3)
Ry, + Rgy = 52.05— Ry,
2.53kQ + Ry, =99(52.05-Ry,,)
2.53kQ2 + R, =5152.95-99R,

Ry, +99Ry, =5152.95-2.53kQ
100R,,, = 2622.95

Sh2 + RSh3)

R, =26.22Q
grumsafl 10 mA
Vo + Roy + Ry = IR,
2.03kQx 50uA+26.22 + Ry, = 10mA—-50pAR,,
2.03k +26.22+ R, = 9.95mAR,,
11N Ry, = 52.05-2622-R,,,
Ry = 25.83~- Ry,
2056.22 + R, = 199(25.83—Ry,,)
2056.22 + Ry, = 5140.17 -199KRg,
199R,,, + Ry, = 5140.17 - 2056.22
200Rg,, = 3083.95
3083.95
Ry, = 200
= 1541 Q
Ry = 52.05- Ry, + Ry,
= 52.05-2622-15.41
= 10.42Q =10Q a0

22 ThurInaaesi 2 Aersasangndeuasnaeunnugndes Tnsanuduniy

R\ Ry 02 Ry Wmauiishian1dlude 2.1
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2.4 §1U7AN Percent Error U@ aze 11 uNnA1a3 lua15199 2 1INTUMN3

I -1
Percent Error = (—I——ij x100%

1

T I, - nszuadialdnnueudines
I, = nszuadismuadudinia
35
11 _Iz
Percent Error = | ——= |x100%
1
rumsIai 2 mA
.05mA —2mA
_ (2 mA—2m ) <100
2.05mA
= 243 %
UM TIAN 5 mA
5.07mA —5mA
_ [Go7ma-smA)] o0
5.07mA
= 138%
§1UM5IAN 10 mA
0.09mA —
_ [€0.09m 10mA) 100
10.09mA
= 09% a0
A3 5.2 Han1IAaesgLlil 5.5
. Standard
Amp Scale Shunt Resister | Ampere Range Percent Error
Ammeter
0-2 mA = 20Q 2 mA 2.05 mA 2.43 %
0-5 mA = 1002 5 mA 5.07 mA 1.38 %
0-10 mA = 50 10 mA 10.01 mA 09 %




224

= d' o £y = d' kY dy a0 d'
2.5 oTueamanTh lduesiines ihnszuaasefiaieiuiisnmanasy
do q9 P a 4 ¢
aungii ldamamdeusivia ldvinnarsauvg Naaungnginsel uaz
(Y [ < A o ' 1 [ o & ’
awnanndadiaes aumgangilnsal sy aAnudumuihnde9s Vv Iaus RNy
v dqyy g 1 Ao Y g Y Y 2 & IS & do g Yya
a4 119 arisruan ldualdarlndiRosuny serduaungnilenmliimaninnu
d' ¥ d! d' o 3 a Yo I=N Y v ¥ o Yo d'
aaanaeu dauaumanilsivhlfifanadgiaernia ldnnmsemmvesdidiaes lavi

PN r's WY l [ =) ~ = 3 4
anavesiiwes Widvenamdsnnyanativuiiazieadealsmstszual

2 6 suouanaveeuimes MTnssuaas uawzey 10 mA Taoutsdauudinai

Mg w81 1 mA ,2mA, 3 mA, 4 mA, 5mA, 6mA, 7mA, 8 mA, 9 mA Uaz10 mA

mA

aiwamInaaes

1M INARS TABTHANMUENLNILIRE YUY Meter Movement toiumsve1y
frumsiavesupuiines Tavnszuannmsinzgautivenifiuaedauie douninig Ina
F1 Meter Movement iaziazdaanaz lnaruanudumiufivnufy Meter Movement 111
Wueufimeiannsaianszualdgeniudy Tnsdonnudnmuiiinndeviufiu Meter
Movement [ovg1861uM s T3 195 onhanudumu $ur lunmsnaaoaziininaass
a$raueuiimes aosuny Ao uum’ﬁyugmuaxuuu%gﬁu FUN INMINADDIVTNU I
wouiined nuvlefdu Jus musandeudmidgeiulaolidesngasionszuald

woulnes lauazmranaiaiosnn



225

o %
AN NEYNMINAAB
¥
1. 1995008 TALUY Ayrton Shunt AnILLUNUZ LG9 I5990TUY
¥
Ayrton Shunt 711799390108 TALDDNUTIUAD DumsaeamMudumMuLuY
Sduudr s ldevuufvvaalnnaeuigeszansotlesiunszua Wil udnvaaia
v 13 ¥ ¥
A OUT S UANIN BINIADI993 VAU ETIEITuMIADAINATUIMUYIUAY
A A A a A A ' cv ° B ¥ A A
YARINAADUN mawgumwmwmaaﬂmummmz‘wﬂﬂﬂszuﬁ"lwﬁwmmﬂmmﬂamm

o £ o Y ~ o A Y
FIUIUUIN “]5\3"1)3‘1’]']1?1!,LEJII‘JJLGIEJSL?IEJH”IEJVLQ



luaun 6

d A d
ﬂTi?)i’)ﬂ!!‘lJ‘lJiﬂ‘l"iﬂJﬂJ!ﬂﬂ'i

v d A ~
YogiszaanmangAnssu
A Yo R
e lHupAnIEINID
=Y d o 9
1. vonwiinvesTonuiimes 1o
2. 152n0U2993MINAABL 1A
o 1 Y 9
3. Jaaen99) lunees ldedagnaes
v = P A Y 9
4. Thinania lasanagnaes
5. SnumeaNuEumuRInaeanavest Iaaen 14

6. ailnamsnanedld

A A d
ins0elonazglnsol

1. unaane Muwudsuald 0 -20V 1 (N509
v aa 4 - d’

2. fadiines 1 1A504

3.1950IAANUAUM ULV BAIAOD 1 N304

4. Movement Meter 0 — 50 /A 1 IA309

5. anuaumudSua1d 100 kQ,500 kQ uaz 50kQ od1as 1 )

6. ANUAUNIUA 10Q,100Q tag 1kQ odeaz 1 9

A A v
NQUIULIAY

g = I'4 ¥ ar A H ] 1] Y] T ' A 3 Y
Toruiimesithunsosianiiuunamosodnisly Fuunaangsnuneiddmnadoun

d‘ Y 1 9 9 ar 3 d‘a ar v £ 2 Y 1 ¥ 1]
e leumanudiuniuld laonse Suiuvas fmns Jamanudiumudsdeauilen i

amas Wi laneluaans

~

o P e S F s Gt A @ 4w
ae7a vo1 loNuImOITaURTNU LﬂmmimmmmzmmmuVlﬂwg{uﬂcluﬂimﬂmmﬂ

4 o v

< A o o o =] Idyd' Y ¥ ' 1 9 9 ar l
vosTorufimes dudasuuady Lidnaud shlknsewm ligndes dearlSusmanumumu
2

- 9 ¢ a o & & Aa L4 s T ] ayd ¥ = 4
Plauaulovuiiines R, WAszRUINFngue AsUTuANTUT SonMTaeUNEL loru

= 4
AT



227

d a d \J [<] ¥y
Tovissunesussoomiu 3 Uszian laun
¢ A d
1. Torindimosilsztaneynsy
7S g ¢ = o . HE o
Tevuimeslszinneynsy vneds Tevudinesfaees ludauiadoulnavasih
Qs v as £ d'sl ¥ d‘ ] 1 d'
11301572 7AAPAYNTUAUANVAIUMUNADINITNT IV aszua ldfn Ivarudiun
A ¢ o ¢ d”ﬂ w A w A . v a
asulnivssleruimeidsenniifusudorduaszua i lvaduanuaumun
¥ 9 v

#03013NI 1A s Rusesudthasasiuuansnszua lifhiinovaussdonudiumu

° 1 = Yy U Sa Y y 9 v 9 = Y o
ﬂ?ﬂﬂ@ﬂ@ﬂﬂ’ﬂﬂﬂ@] LHUNAT AR RZ ﬂﬂ@'ﬁﬂuﬂ{lﬂfl\‘iﬂ’ﬂﬂ')']ﬂﬂ?ﬂﬂ?‘uﬂlwﬁ]i\‘i

= A ¢ = ¢
sili6.1 2evsiugumelulevuimesissinmeynsy

d = d
2. Torutimasuuy YU
d = 4 Yy ar ;
Toviufimesunvvues lienld marzawnsadaanudumuldm
d o d
3. Toriaiino UV YNTH — YN
¢ a o A v v o g ¢ = o v
Toruimesnunaeounsia Sniluevulmes Ysennoynsy — vUIU INTIZAD

ANuEUIUYEgE UM T lenasnaeaans ounu

Rx100 R 3

v :

E., O—
|- 3

710 6.2 19vsmeluvensoioinllizioneynsy - YW



228

d' A w g 1 d' d’ d'l @ T @ a
'N‘l]‘iﬁl‘uLﬂﬁ@ﬂﬂ@?ﬂ%%ﬂﬁ%ﬂﬂﬁﬂ?ﬂﬁiuﬂlﬂﬁ@uﬂﬂﬂﬂuﬂﬁuﬂﬂ RzllﬂzﬂﬂﬂlHTHﬂUﬂi

9 o [y v o Y a @ A 1 @ [~ ar v
SAUMUFT IV ITUVIYIIUNTITIN RshIﬂﬂi‘lﬁﬁ?ﬂ‘ﬁlﬁﬂﬂﬂTﬂﬂTi'N‘IL‘]Juﬂ')ﬂﬂ%‘lqluﬂTiﬂﬂﬂ'ﬂll

A LA [ 3 o o Y ¢ o 4
aWHﬂTuﬁLWNTSﬁNﬂUUTHﬂTi'Jﬂ‘L!‘Ll"‘] AMIU X Hag Y Unuagin V93 1o UNINDT

NAVVUNINAADY

MInaavai 1

3 ¢ = ¢
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1.1 911P29954a% Movement Meter vy 1# 93f1u20MIAT R, (Zero ohm resister)

Ao qud o 2 a o 2 1
YUy X uay 918 Y aadg “VI‘VI’]iWﬁJlI‘IfGU'OQ Movement Meter FEOIUTINAVUUNNAN

_E-I,R,
‘ I

n

[1.5V — (50A x 2.03kA )}/ 504
27.79kQ

=
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=
)
=

|

1.2 thupsanaaesi 2 Ae9asuzl wieuasiedeunNgndes
@ 1 Y1 4o o ' [ o A ¥
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1.4 vanfisuiouin R fdnnaldfua R, ihmsyiuusamsuenauneiili
' a A
1 R, 1NAANUAAAAGDU
v : 1] 1 £4 s
aunaininld R, Aannuamamdeuiiosnn R, Aldnnmsdnneniu R, #
4 3 1 ¥ d' Y =a Y 31’ o T =
IRnmamas #5019 1M R uRa39u93 Movement Meter Aariuih v R, 1hn
A @ ’ A A £ a a @ ¢ R o
AMIAAIAAABLAINA IV BB A AN TlteINRaNNANUAANIIAYEIAIRINT Bl HIAT
3 ar A a a ° 9 a9 v o
gUnsainndanzmanuiinaameludaies sildan R, fildnnmsdnosiuaz R, 31005
Ysviiumant vy
I3 v da o A v A £
1.5 fnamasleddudnszuaunnns e R, imaie muminil Tagly

) v Y o A S d A
gumseruaradtunnaudesiuaaslunisish 6.1

po| _RAR) 0%
(R, + R, )+ Ry

P, = [(27.79kQ + 2.03kQ)/{(27.79kC2 + 2.03kQ2) + 0}]x 100%
=100%

P, =[(27.79kQ + 2.03kQ) /{(27.79kC2 + 2.03k2) + 1kQf]> 100%

= 96.75%
P, = [(27.79kQ2 + 2.03kQ)/{(27. 79k + 2.03k€2) + 3kQ] x 100%
= 90.85%
P, =[(27.79kQ + 2.03kQ)/{(27.79k2 1 2.03kQ2) 1 5kQ]x100%
= 85.64% |
P, = [(27.79kQ+ 2.03kQ)/{(27.79kQ2 + 2.03k<2) + 10kQ | 100%

= 74.88%

P, =[(27.79kQ + 2.03kQ)/{(27.79kQ2 + 2.03k2)+ 20k }]x 100%
= 59.85%

P, = [(27.79kQ2+ 2.03kQ)/{(27.79K2 + 2.03k2) + 30kQ}|x 100%
= 49.81%

P, = [(27.79%kQ + 2.03k)/{(27.79k + 2.03k€2)+ 40k} 100%
=42.70%

P, = [(27.79K€y+2:03kQ2)/{(27:79Kk€2 +2.03k2) + 50kQ]x 100%
= 37135%
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P, = [(27.79kQ + 2.03kQ2)/{(27.79k2 + 2.03k€2) + TOKQJ]x 100%
= 29.87%

P, =[(27.79kQ + 2.03kQ)/{(27.79kC2 + 2.03kQ2) + 100kQ ][ 100%
= 22.97%

P, =[(27.79kQ2 + 2.03kQ)/{(27.79kQ2 + 2.03kQ2) + 150k f|x 100%
= 16.58% '

P, =[(27.79kQ + 2.03kQ)/{(27.79kQ2 + 2.03k€2) + 200k2]x 100%
= 12.97%

P, =[(27.79kQ + 2.03kQ2) /{(27.79K2 + 2.03k€2) + 300kQ2}]x 100%
= 9.04%

P, = [(27.79kQ2 + 2.03kQ) /{(27.79k2 + 2.03kQ2) + & }] x 100%
= 0%

=
©
=

|

=l g A -4 T Ao v 9 R~ =Y
1.6 Weuanaloruiimes mua R, Asmualdawmse laslsnudesigunyey

feunuananssid S0uA
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M5190 6.1 Tuiinwamsnanesgli 6.3

Ry wosigug R, +R, R, test Percent Error
0 100 30 kQ 0 0
1kQ 96.75 30 kQ2 1kQ 0
340 90.85 30k 30 0
5k 85.64 30 kO 5k 0
10k 74.88 30 k2 10kQ 0
20 kO 59.85 30 kO 20 kQ 0
30kQ - 49.81 30 kQ 30kQ 0
40 kQ 42.70 30 kO 40 kO 0
50 kO 37.35 30 kO 50kQ 0
70 k2 29.87 30 kQ 70 kO 0
100 k2 22.97 30 kQ 100 k2 0
150 k2 16.58 30 kO 150 k2 0
200 kQ2 12.97 30 kQ 200 kO 0
300 k2 9.04 30kQ 300 kQ 0
Infinity 0 30 kQ Infinity 0
ueluainalevaiitnes
400K 0% 50k 40k 30k 50, 1

\60* Sk

ohmmeter
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1.8 fU78I1IA Percent Error @5 uiinA1aslumanedn 1 mineums
Percent Error = [(A1 R, vuaina - R, Niemld)/ a1 Ry vuanal x 100 %

ad o
3

1kQ —1kQ2 y
V49
= 0%

100

=
c) .
=

|

d = & @ o d a o"d’ 9! ¥
1.9 911395 Torudmesilsy E = 1.5V iu 1V udnihlovuiinesnad ey

N5amanudiumu f1.5kQ 1iufine5uIoNan1snAaoeuaz¥iia Percent Brror

R, (1.5kQ) 3as1d = 1.45 kO
Manuamanieon = 0.05 Q
MINABBIN 2
R =3kQ
m I =50LA R,
@*‘“ A
Rx1 10Q2 « T
2 AWV —
100Q2
o]jxlO AN d
1kQ
o Rx100 oo |
X Y ] —
{ Ii o O 5

RZ
E, =15V
a ¢ o ¢
31l 6.4 1 levivilesdsuinneynsu - v

o = 1 ~ kY ¥
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(RZ + Rm )

X IOO%)

P, =1+ 2.03kQ)/{(1 + 2.03k2) + 1}]x 100%
= 99.9% :

P, =[(1+2.03kQ)/{(1 + 2.03k2) + 2}] x 100%
= 99.90%

P, = [(1+2.03kQ)/{(1 + 2.03kQ2) + 5}|x 100%
= 99.75%

P, =[(1+2.03kQ)7{(1 + 2.03k2) + 10}]x 100%
= 99.51%

P, =[(1+2.03kQ)/{(1 + 2.03k€2)+ 20}]x 100%
= 99.02%

P, =[(1 +2.03k2)/{(1 + 2.03k2) + 30}] x 100%
= 98.54%

P, = (1 +2.03kQ)/{(1 +2.03k€2) + 50}]x 100%
=97.59%

P, = [(1+2.03k2)/{(1 + 2.03k2) +100}]x 100%
= 95.30%

P, =[(1+2.03kQ)/{(1 + 2.03kC2) + 200}]x 100%
= 91.03%

P, = [(1+2.03kQ)7{(1 + 2.03k02) + 500}] x 100%
= 80.24%

P, =[(1+2.03kQ)/{(1 + 2.03k2) + 00 }| x 100%
= 0%
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= d a o a A v ~
2.3 39 eUEINAVed 1oHUNINDS 1WA R x 1 1 Ry MAN] AIWATINN 6.2

¥ d A d
uHuatnalotuine 3

0o 50 30Q 200
A

Ohmmeter

d‘ o =R A
F1151371 6.2 ﬂ'l’i?\‘l‘UuﬂﬂﬂTiﬂﬂa@Q?jﬂﬂ 6.5

R, Percent Error
10 99.9%
20 99.90%
50 99.75%
10Q 99.51%
200 99.02%
30Q 98.54%
500 97.59%
100 Q 95.30%
200 Q 91.03%
500 Q 80.24%
Infinity 0%

o d =2 P 4 3 ] )
2.4 ¥msnaad loruiwmosnad ey Tagld R = 10Q dseguda Rx1

R, Mo = 10 Q
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Features

s Compatible with MCS-51% Products

+ 8K Bytes of In-System Programmable (1SP) Flash Memory
~ Endurance: 1000 Write/Erase Cycles

» 4.0V to 5,5V Operating Range

* Fully Static Operation: 0 Hz to 33 MHz

» Thres-level Program Memory Lock

« 256 x 8-hit Internal RAM

* 32 Programmable VO Lines

* Three 16-bit Timer/Counters

* Eight Interrupt Sources

* Full Duplex UART Setial Channel

» Low-power ldie and Power-down Modes

s Interrupt Recovery from Power-own Mode

» Watchdog Timer

+ Dual Data Pointer

+ Power-off Flag

Description

The AT89552 is a low-power, high-performance CMOS 8-bit microcontrolier with 8K
bytes of in-system programmable Flash memory. The device is manufactured using
Atmel's high-density nonvolatile memory technology and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory 10 be reprogramimed in-system of by a conventional nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
a monolithic chip, the Atme} ATB9SE2 is & powerful microcontrolier which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S52 provides the folowing standard features: 8K bytes of Flash, 256 bytes
of BAM, 32 i lines, Watchdog timer, fwo data pointers, three 16-bit imer/counters, a
six-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the ATB3852 is designed with static fogic for operation
down 1o zete frequency and supports two software selectable power saving modes.
The Idle Mode stops the GPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Powet-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next interrupt
or hardware resel.

AmEL

Y ©

8-bit
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

AT89S52

Preliminary

Rey. 191940701
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AT89S552

Block Diagram
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Pin Description

vCcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-hit open drain bidirectional /0 port. As an
output porl, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order addressidala bus during accesses to external
program and data memory. In this mode, PC has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the cade bytes during program verifica-
tion. External pullups are required during program
verification.

Port1

Port 1 is an 8-bit bidirectiona! /O port with internal puliups.
The Pott 1 output bulfers can sink/source four TTL inputs.
When 15 are writien to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
cursent (1, } because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timerfcounter 2 external count input {P1.0/T2} and the
fimerfcounter 2 trigger input {P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin Alternate Functions

P15 T2 fexternal count input to TimerCounter 2},
clock-aut

P1.1 T2EX {TimerCounter 2 caplurefreicad trigger
and direstion controf)

P15 HOSH {used for In-System Programming;

P16 HMISO {used for In-System Programming}

P17 SCK {used for In-System Programming)

Port2

Port 2 is an 8-bit bidirectional /0 port with intemal pullups.
The Port 2 output buffers can sink‘source four TTL inputs.
When 1s are written to Porl 2 pins, they are pulied high by
the internai puliups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (i, ) because of the internal puliups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to

extemnal data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pull-
ups when emitting 1s. During accesses to external data
memory that use 8-bit addresses {MOVX @ R}, Port 2
amits the contents of the P2 Special Function Register.

Port 2 also recaives the high-order address bits and some
control signals during Flash programming and verification.

Port3

Port 3 is an 8-bit bidirectional IFO port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are writlen to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low will source
current {f ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBISE2, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions
Pag RXD jssiial input port)
P3.1 TXD {sarial output port)
P3.2 TNTD iaxternal inteiupt G}
P33 TNTT {axternal interrupt 13
3.4 T9 {timsr § external inpul)
P3.5 T1 itimer 1 extemal input)
P3.5 ¥R (exteral data memory write strobe}
P3.7 RO {extarnal data memory read stiobe}
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device. This pin drives
High tor 96 oscillator periods after the Watchdog times otit.
The DISRTO bit in SFR AUXR {address 8EH) can be used
to disable this feature. In the default state of bit DISRTO,
the RESET HIGH out feature is enabled.

-ALE/PROG

Address Latch Enable (ALE) is an output pulse for latching
the low byte of the address during accesses to external
memory. This pin is also the program pulse inptt {PROG)
during Flash programming.
In normat operation, ALE is emilted at a constant rate of
146 the osciliator frequency and may be used for external
timing or clocking purposes. Note, howsver, that one
ALE pulse is skipped during each access to external data
memory.

If desired, ALE cperation can be disabled by setting bit 0 of

SFR location 8EH. With the bit set, ALE is active-only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is

4 ATSOS52 m————————
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weakly pulled high. Setting the ALE-disable bit has no
offact if the microcontrofler is in extemal execution mode.

PSEN
Program Store Enable (PSEN) is the read strobe to exter-
nal program memory.

When the AT82S52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
eycle, except that two PSEN activations are skipped during
each access to external data memory.

EANVPP _

External Access Enable. EA must be strapped to GND in

order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.

Table 1. AT89S52 SFR Map and Reset Values

Note. however, that if lock bit 1 is programmed, EA will be
intemally laiched on reset.

A shouid be strapped to V¢ for intemal program execu-
tions.

This pin also receives the 12-volt programming enable voit-
age {Vpp) during Rash programming.

XTAL1
input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OFsH oFFH
OFoH 8 of7H
00CI2000 .
nEeH 9EFH
ACG _
OFCH | go00n000 OFTH
oDeH OOFH
) pSW }
eH | conannoe opTH
acan | TZSON T2MO0D RCAPEL ROAP2H T2 TH2 oCFH
b 00CI0090 XOXXR 0OGOHNND 00009060 D000 30000000 ~
900H O07TH
oBaH | oBFH
1 Xxo0o0o00 0
open | P2 OB7H
i 11111114 :
IE i
9AgH 0X00D000 0AFH
P2 AUXR1 WDTRST .
OAH L qqq111 XXX XXX OO on7H
STON SBUF
98H | connoons | XXKXKXRX aFH
. P
BH 111 9MH
| TOON THOD 119 Tt THo TH1 AUXR e
8H | Gocoo00 | 00000000 | 0000900 | 00000000 | DOCOOLOC | 00000000 | XXXGOXXO
- P sp DPOL DFoH DPIL CPIH PCON | oo
N 11111111 GOt GCO0GI00 0000000 [yl 05006000 OXXXD000

AEL s
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Programming Interface - Parallel Mode
Evary code byte in the Flash array can be programmed by
i pprapiate = combination of contre! signals. The

: on oyale is self-timad and once initiated, ¥ Sill
aut“l'l‘lallf‘ﬂll“ tima itzelf fo completion.

Tabla 8. Flash Programming Modes

All major progr amiming vendors offer workdwide support for
the Atmel microontralier series. Plaase contast your local
pregramiming vendor for the appropriate software revision.

ae | pezo L PEH | Pz
Mode Vo | RST | FEEN | FRGG | Y | P28 | P27 | P33 Pas | Pa7 | Data Address
@
witgGomDaa | ¢ | W | L || | L] H]H|H H by | mee | wa
Fad CodeData | 5¢ H L H H L L L H H (S At2-8 AT-D
witelockBt1 | s¢ | H | L _u”f wla el wlwlon X X X
wislokBitz | & | W | L | | @ | W] H]H]PLPL X X 4
willockBi3 | &} H | L '\./' wlrbolu] gt X X X
. ) P2
=act Lock B o
? dleskBis o low | L fow fom e R L) R X X
.23 Pi.4
0
Chip Erase 8¢ H L ~r 124 H L H L L X )4 X
Readameli | ¢ | H | L H H thoel ot WEH | Xewoo | oM
ReadDaiceld | 3¢ | H | L H H thoel vt sH | xmot | ood
ReadDaicalD | &¢ | H | L H H el eyt wH | xome | oM

Each Fﬁﬁb’pul@ i5 200 ng - 500
'J Each PROG pulse is 200 ns -

Hotes: 5 for Chip Erasa.

4 ROYBSY signal is cutput on P3.0 during progRMMING.

5 X =dontcare.

Figure 13. Frogramming the Flash klemary
iParallel Wads)

o
4789852
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Figure 14. Verifying the Flash Memory { Paralled bode)
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Packaging Information
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448, 44-lead, Thin (1.0 mm) Plastic Gull ing Quad
Flat Package {TOFP)
Cimensions in Milimeters and {Inchas)”

R

T ¥j»1‘§5m 2]

*Controtling dimension: milimaters

44, 44-1aad, Plastic JHeaded Chip Cariar{PLOC)
Dimangions in Inches and {Millimaters)

AR

BENDE
{EENTIEY

MR g

s .(;;:ss%

0
s

f

40P8, 4G-pin, 0,500° Wik, Plastic Dual Inlina
Package (PDIP) .
Dimensions in Inchig and (Milimatersi
JEDED STINDARD W01 AT

22

ATSOSE?
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: ey ICL7135
Jintersil, |

Data Sheet December 2000 Fite Number 3093.2

411, Digit, BCD Output, AID Converter Features
The Infersil 1CL7135 precision A/D converter, with its - Accuracy Guaranteed to +1 Count Gver Entire +20000
multiplexed BGD output and digit drivers, combines dual- Counts {2.0000V Full Scale}

slope eorwversion reliability with +1 in 20,000 count accuracy
and is ideally suited for the visual display DVM/DPIM market.
The 2.0000V full scale capability, auto-zero, and auto- » 1pA Typical Input Leakage Current
polarity ane combined with true ratiometric oparation, almost
ideal differential linearity and true differential input. Al

+ Guaranteed Zero Reading for 0¥ Input

+ True Differential Input

necessary active devices are contained on a single CMGS - True Potarity at Zero Count for Precise Null Detection
IC, with the exception of display drivers, referance, and a + Single Reference Voltage Required

clock. + Overrange and Underrange Signals Available for Auto-
The ICL7135 brings together an unpracedented combination Range Capability

of high accuracy, versatility. and true economy. it features + All Outputs TTL Compatible

auto-zero to less than 10uV, zero drift of less than 1uVi°C,
input bias currant of 10pA {fax), and rollover emor of less
than one count. The versatility of multiplexed BCD outputs is Six Auxifiary InputsiOutputs are Available for Interfacing to
increased by the addition of saveral pins which allow itto UARTs, Microprocessors, or Cther Circuitry

operate in more sophisticated systems. These include

Blinking Outptits Gives Visual Indication of Overrangs

-

« Multi Outputs
STROBE, OVERRANGE, UNDERRANGE, RUN/HOLT and Muliplexed BUD Outputs
BUSY lines, making it possible to interface the circutto a
microprocessor of UART. Ordering Information
TEMP. PKG.
PART NUMBER | RANGE (3(2) PACKAGE NO.
ICL7435CP1 Qto 70 28 L PDIP E2B6
Pinout
ICL7135
{PDIP)
TOPVIEW

] UNDCRRANGE

REFERENCE OVERRANGE
ANALOG COMMON STROBE
INT OuT [ 4] RH
AZIN [ Pa] DIGTTAL GND
BUFF OUT | 5| POL
REF CAP 22} CLOCK IN
REF CAP + [3] BUSY
NLO 9] bof (LsDy D1
INHI D2
v+ e} D3
{MSD) D5 D4
{LSE) B1 16} (MsB) BB
B2 B4

-ty

CAUTION: These devices are sensiite 1o el=clrostatic discharge:; fllow preper 1T Handiing Procarurss.
1. LPBINTERSIL or 321:724-7143 | Intersll and Design is a radzmark of intersit Corporation. | Copyright & Intersil Somposation 2000
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Typical Application Schematic

: CLOCK N
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Absolute Maximum Ratings Thermal information

Supply Voltage V+ ... PR +5Y Thermal Resistancs {Typical. Mate 2) .. .. ... ... Bz (ST
e e e v PDIPPATKAgR «.ovo e ieiiieiiaeae e 5

Analog Input Voltage {Either Inputy (Note 1) .. ... Vo v Haximum Junction Temperature . ............ ... 150°C

Refarenca input Voltags (Either Inputy. ................ V+lo - Maximum Storage Temperature Range. .. ... BEPC 10 150°C

Clock InputVoltage ... ..o GND to ¥+ kaximum Lead Temperature {Sotdaring 108) . ... ......... 300°C

Operating Conditions

Temperature Range........... s 0°C to 70°C

CAUTION: Strasses sbove those fisied in “Abhsolife Meximum Rafings” may ceuss permenant damaga fo the device. This is a stross only riing end operation of the
Jevice at these or any oiher condifions bove thase indiated i the operetionsl sections of this spacificalion is not implied.
NOTES:
1. Input voltages may exceed the supply voltag:
2. §)p Is measured with the sompenient mounts

ided the input current is limited to +10MA.
on a low etfective thermal condustivity t2st board in free air. See Tech Brief TB379 for details.

Electrical Specifications v+ =45V, V- =-5Y, Ty = 25°C. foyk Setfor 3 Readings's. Unless Gthervise Specified
CLK 9

PARAMETER TEST CONDITIONS | MIN | P l MAX | UNITS
ANALOG (Notes 3. 4)
Zero input Reading Yy =0V, Vpgp = 1.000V -06000 | +00000 | +00000 | Ceunts
Raticmetic Error {Note 4} ¥y = YREF = 1.000V 3 0 +3 Ceunts
Linearity Over & Full Scale {Emor of Reading from Best Straight Line) | -2V <V < +2V - 0.5 1 LSB
Differential ingarity {Difference Batween Worss Case Step of 2V sy S 2V - 0.01 - L&B
Adjacent Counts and Ideal Step}
Rollover Error (Difference in Reading for Equal Positive and V= VN2V - 0.5 1 LSB
Nagative Vaitage Near Full Scalej
Noisz {Feak-to-Pask Value Not Excaeded $5% of Timej, &y vy = 0%, Full scale = 2000V - 15 - w
Input Leakags Current, {1k VN =0¥ - 1 10 pA
Zero Reading Drift {Note 7 V=0V, 0°Clo 70°C - 0.5 2 Al
Seale Factor Temparature Coefficient, Tg (Notes 5 and 7} Yy = +2¢,0°C o 70°C - z 5 ppme©C
Ext. Ref. Oppm“C
DIGITAL INPUTS
Clock In. RunHold {See Figurs 2) ViH 28 22 - Y
YIHL - 1.6 03 Vv
INL Vi =0V - 042 0.1 mA
TINH Vi = +5Y - 0.1 10 UA
DIGITAL QUTPUTS
All Guiputs, Yoy oL =1.6mA - 025 0.4G v
B1.E2. B4,B8, [M. 02, £3, 04, D5, ¥py oy =-1mA 24 4.2 - Y
BUSY STROBE, OWERRANGE, UNDERRANGE, PCLARITY, Vo | loH = -100A 49 459 - W
SUPPLY
+5V Supply Range, ¥+ +4 +5 + ¥
5Y Supply Range, ¥- -3 -5 -§ Y
+5¥ Supply Current, 1+ fc=0 - 1.1 30 ma
54 Supply Current, I- fc=0 - 0.3 3.0 mA
Power Dissipation Capacitance, Cpp vs Clock Frequency - 40 - pF
CLOCK
Clogk Frequansy {Note 6) | ‘ oC | 2000 | 1200 | kHz
NOTES:
3. Testedin 413'2 digit {20.000 count) circuit shown in Figure 3. {Clock frequency 120kHz

4. Tested with a low dislactiic absorption infegrating capasitor, the 279 INT QUT resistor shorted, and Ryyy = 0. See Component Yaluz Szlection
Discussion.

. The temperature rangs can be sxtended o 70°C and beyond as long as the aute-zero and refersnce capaciters are increased to absorb the
higher leakage of the 1CL7135.

6. This spacification relates to the dock frequancy range over which the ICLT135 wil comactly perform its varicus funclions Ese “Mar Chzk
Fraquency” section for imitations on tha dlock frequency rarge in a system.

| Parameter quarantead by design or characterization. Mot preduction tested.

o

-y

| intengl
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SET Yres = 1.000Y

VRer N
>

5V e

ICLT135

100k 3¢

ANALOG _L
GRD =

[
F 4
SIGNAL 100K <
INPUT b

UNDERRANGE
2}REF OVERRANGE

LspDi
D2|
B3
D4

MSB B8

B4

FIGURE 1. ICL7135 TEST CIRCUIT
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FIGURE 2. ICL7135 DIGITAL LOGIC INPUT
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ICL7135

Power Supplies

The ICL7135 s designed to work from +5Y supplies.
However, in selected applications no negative supply is
required. The conditions to use a single +5Y supply are:

1. The input signal can be referenced to the center of the
common mode range of the convertar.

2. The signal is less thanx1.5V.

See “differential input” for a discussion of the effects this wil
have on the integrator swing without foss of ingarity.

Typical Applications

The circuits which follow show soms of the wide variety of
possibifitias and serve to lHustrate the exceplional versatiiity
of this AID converter.

Figure 7 shows the complete circuit for a 41,-‘2 digit {£2.000Y}
full scale} A/D with LED readout using the ICL8069 as a
1.2V temperalure compensated voltage reference. It uses
1he band-gap principal to achieve excelient stability and low
noise at reverse currents down to 50uA. The circuit also
shows a typical R-C inpul fitter. Depending on the
application, the time-constant of this filter can be mads
faster, slower, or the filter deleted completely. The 1,!2 digit
LED is driven from the 7 segmert decodar, with a zero
raading blanked by connecting a DS signat to RBI input of the

\
V- o735 - R

REF OR

ANALOG =orRE
CORMON STROBE

GND = 41INT OUT RAH
ToATuF
1o0$ $mriHE] Az DIG. GND

BUF OUT POL|2:
R CLOCK
SIGNAL RC2 BUSY
INPUT

dacoder. The 2-gate clock circuit should use CMOS gates to
maintain good power supply rejection.

A suitable circuit for driving a plasma-type display is shown
in Figure 8. The high voitage anode driver buffer is made by
Dionics. The 3 AND gates and caps driving "BI” are needed
for interdigit blanking of multiple-digit display elements, and
can ba omitied if not needed. The 2.5kQ and 3k resistors
set the current levals in the display. A similar aangement
can be used with Nixie® tubes.

The popular LCD displays can be interfaced to the outputs of
the ICL7135 wilh suitable display drivers, such as the
ICM7211A as shown in Figure 9. A standard CMOS 403¢
QUAD XOR gats is used for displaying the 1,’2 digit, the
polarity, and an “cverrange” flag. A simitar cireuit ean be
used with the ICL7212A LED driver and the ICM7235A
vacuum flucrescent driver with appropriate arrangements
made for the *exira” outputs. Of course, another fuil driver
circuit could be ganged to the one shown if required. This
would be useful if additional annunciators were needed. The
Figurs shows the complete circuit for a 411’2 digit {+2.000V}
AD.

Figure 1 shows a more complicated circuit for driving LCD
displays. Here the dala is latched into the ICM7211 by the
STROBE signal and “Overrange” is indicated by blanking the
4 full digits.

> 0 +5V

7447
+ 1500
A
B B1
c B2
M—{ o B4
A E B8
kAAE
= |
ey G
RBi

INPUT LO 1]
INPUT Hi D2

V4 b3

47K J
ARA

B1 B3

2z
]
=
19)
13
D5 D4 _1'_7"l
iy
15}
&y

B2 B4

€ RC NETWORK

I fosc = 0.45RC

NCTE:

4 fived resistor.

1. For finer resolution on scale factor adjust, use a 10 turn pot o a small pot in series with E

FIGURE 7. 41!2 DIGIT AD CONVERTER WITH A MULTIPLEXED COMMON ANODE LED DISPLAY

3|, interkit

x
43
u
u
o]
w
=
<
1]
w
&)
14
o
I
Q




ICL7135

A

oL | § ‘
i DM 3K
3580
G RBO PROG
oYV
[T LT ° [re B A;I;
45y [ Hi VOLTAGE BUFFER D1 505 ] -0 JJ

5K

"ll

u 4

0.02uF ==

0,02

P =
0.021F -

0.02uF
POL DS D1 B8

ICL7135 B1
ysfp—15

DGND ;,W

FIGURE 8. ICL7135 PLASMA DISPLAY CIRCUIT

+5V 41J1 DIGIT LCD DISPLAY

e

BP lT
23POL | 1 CD403D

oo T . 58P

200 GD4081  yi/4 CD463
31 D1
19021 ™\ 202
T I—‘

]
I
T
]
18 D3 T \ i
1
I
T
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.,_l___lIL ______ 7
16Bs}H —_T_Dcmon

3
L 3083
I
isBaHH 1
5 i M 2982
142 !
) : 28 B1
181+ }
1 ) 27 BO
b= = Hrmmm oo e = -
1205 " CDA01THICM7211A
26 STROBE 1 )
= 1 i
27 0R ' '
ICL7135 ' ,
1
+5V . - ,l
11, £D4030

FIGURE 9. LCD DISPLAY WITH DIGIT BLANKING ON
OVERRANGE

A problem sometimes encountered with both LED and plasma-
type display driving is that of clock source supply line variaions.
Since the supply is shared with the display, any variation in
voltage due to the display reading may cause dock supply
voltage modulation. When in overrange the display alternatss
between a blank display and the 0000 overrange indication.

This shift occurs during the reference integrate phase of
conversion causing a low display reading just after overrange
recovery. Both of the above circuits have considerable current
flowing in the digital suppty from drivers, etc. A clock source
using an L4311 voltage comparator with positive feedback
{Figure 11) could minimize any clock frequency shift problem.

The ICL7135 is designad to work from +5Y supplies.
Howaver, if a negative supply is not avaitable, it can be
generated with an ICL7660 and two capacitors (Figure 12).

Interfacing with UARTs and
Microprocessors

Figure 13 shows a very simple interface between a
free-running ICL7135 and a UART. The five STROBE pulses
start the transmission of the five data words. The digit 5 word is
BOTOXXXX, digit 4 is 1000XXXX, digit 3 is S100XXXX, ele. Also
the polarity is fransmitted indirectly by using it lo drive the Even
Parity Enable Pin (EPE}. If EPE of the recelver is hekd low, a
parity flag at the receiver can be decoded as 4 positive signal,
no flag 25 negalive. A complex arrangementis shown in Figure
14. Here the UART caninstruct the A'D to begin &
measurement sequence by a word on RRI The BUSY signal
resels the Data Ready Reset (DRR). Again STROBE starts the
lransmit sequance. A quad 2 input mulfiplexer is used to
superimpose polarity, over-range, and under-range onto the DS
word since in this Instance itis known that B2 =B4 =B3 = 0.

For correct opration it is important that the UART dock be fast
enough that each word is transmitted before the next STROBE
pulse arrives. Parity is locked into the UART atioad time but
does not change in this connection during an oufput stream.

Circuits o interface the ICL7135 directly with three popular
microprocessors are shown in Figure 15 and Figure 18. The
8080/8048 and the MC8800C groups with 8-bit buses need to
have polarity, over-range and under-range multiplexed onto
the Digit 5 Sword - as in the UART circuill In each case the
microprocessor can instruct the A/D when tobogin a
measuremant and when to hold this measurement.

Application Notes
AnswerFAX
NOTE# DESCRIPTION DOC. #
ANO16 |"Selecting AD Converters® 9016
AND17  |*The Intagrating ASD Converter 9017
ANO18 |"Do's and Don'ts of Applying A/D 9013
Converters™
ANDZ3 |“Low Cost Digital Panel Meler Designs® 9023
AND2S  |‘Building an Auto-Ranging DMM Using 9028
the 8052A/7103A AD Converler Pair”
AND3D |“The ICL7104 - A Binary Output AD 5030
Converter for Microprocessors”
ANO32  |*Understanding the Auto-Zero and 6032
Common Meods Parformance of the
JICL71367/8 Family”

10 | _inbers
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REF 417, DIGIT LCD DISPLAY
VOLTAGE sy — 28 SEGMENTS D1-D4
N A w111 P ]
? 2 iﬁz_os GR 27]_— 1161514125 3 4
0
——Slcommon  STROBEE— | | f;: 15”‘ .
= INT OUT rRH|25 |
DIG. GND |24} ‘ -~
AZIN M = | BACKPLANE
outT PoL{Z
BUF ) 120kC = 3 READINGS/SEC
RC1 cLock[z— < CLOCKIN
: RC2 BUSY E_il'— 58P \our11a
100K r—{3}weurLo o1 — 1D
NP lj-T—AMr-j_——-ﬂ INPUT Hi 02— 3202
0.1uF
——FLsv—rilvs D3} nps 234
626
—os T D4 g0
—{t81 B3 [15}— 30B3 OPTIONAL
I—E B2 BA[TS 2982 CAPACITOR
0SC36 Y ===1"==2
281 n-400pr Y
l 7B
L 1 NDP;;T BV l
;T; o +5v
FIGURE 10. DRIVING LCD DISPLAYS
> +5V
S50 $ 1o
1 skt +5v
A AAA r
vy — ]
& —> E 3 I——‘
Py
2 7
A 2 7
0.22¢F T LsL 4 _[+_E IGL7660 0
. d 3 ok 10uF ”;E 6]
$ 16k LE 5 Vout = -V
Lo .
T 390pF 10,(|F,;
FIGURE 11. LM311 CLOCK SOURCE FIGURE 12. GENERATING A NEGATIVE SUPPLY FROM +5V
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Design Information Summary Sheet
» CLOCK INPUT + DISPLAY COUNT

The ICL7135 does not have an infernal cscillator. it COUNT = 10.000 % \V IN

requires an externat clock. VREF

foLock {Typ) = 120kHz

CLOCK P! . CONVERSION CYCLE
¢+ CLOCK PERIOD

toye = lorock x 40002

tcLock = HeLock when foLock = 120kHz, Loy = 333ms

+ INTEGRATION PERIOD + COMMON MODE INPUT VOLTAGE

it = 10.000 X to ook (V- + 1Y) < Vpy < (V- 05V}

« §0/50Hz REJECTION CRITERION- » AUTO-ZERO CAPACITOR
UNTA oz OF tinT/50Hz = Integer 0.01uF < Cpz < 14F
» OPTIMUM INTEGRATION CURRENT « REFERENCE CAPACITOR
Iyt = 20HA 0.1uF < CRgF < 1nF
« FULL-SCALE ANALOG INPUT VOLTAGE - POWER SUPPLY: DUAL 15V
Vings (Typ) =200mY or 2V V+ = +5V 1o GND
- INTEGRATE RESISTOR - V-=-5VIoGND
Yines « OUTPUT TYPE
INT 7
i 4 BCD Nibbles with Pofarity and Overrange Bits
« INTEGRATE CAPACITOR There is no internal reference available on the ICL7135. An
L] Y external reference is required due to the ICL7135's 411'2
o INTYNTY - -
VINT T T digit resolution.

INTEGRATOR OUTPUT VOLTAGE SWING

v e
INT T
+ Viyr MAXIMUM SWING:

(V- + 0.5} < V1 < {V+ - C.5V)
ViNT Typically = 2.7V

Typicat Integrator Amplifier Qutput Waveform {INT Pin}

AUTO ZERO PHASE INTEGRATE

]
}
I
!
1
]
|
1
1
¥
f
|
t
]
1
]
3

'
I | 1
1 ¥ |
1 | i
1 (COUNTS) 1 PHASE FIXED DN s s i
b 30001 - 10001 ! 10000 COUNTS 1
1 ] I
' ] ]
I.‘ ‘I il L3 kl
TOTAL CONVERSION TIME = 40002 X tey ek
13_| _inbersi

“———
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Dual-in-Line Plastic Packages (PDIP)

B % Fh Ty T O T

N A
E
Ex—>h 2 3 N2l ¥
L AR R T TA AT
B-
A
D ———]
BASE
PLANE VI N
TC-
SEATING
PLANE L
D1-» e
| At
B
=}
g3 fok <
sonzn@fcla [s®}
NOTES:

1. Controfiing Dimensions: INCH. In case of conflict between English and
Metric dimensions, the inch dimensions control.
2. Dimensioning and tolerancing per ANSI Y14.584-1982.
. Symbols are defined in the "MO Series Symbol List” in Section 2.2 of
Publication No. 95.
4. Dimensions A. A1and L are measured with the package seated in
JEDEC seating plane gauge GS-3.
. D. DA, and E1 dimensions do notinclude mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).
6. Eand ara measured with the leads constrained to be perpendic-
ular to datum | -C-|.
. egand ec aremeasured atihe lead tips with the leads unconstrained.
ec must be zero of greater.
8. B1 maximum dimensions do not include dambar protrusions. Gambar
protrusions shall not exceed 0.01C inch {0.25mm).
9. Nis the maximum number of ferminal positions.
10. Corner leads (1, ¥, Ni2 and Ni2 + 1) for 8.3, E16.3. E18.3, E283,
E£42.6 will have a B1 dimension of 6.030 - 0.045inch {0.76 - 1.14mm}.

Ly

[4a]

-

E28.6 (JEDEC M5-011-AB ISSUE B)
28 LEAD DUAL-IN-LINE PLASTIC PACKAGE

Al Infersit semiconductor products are manufactured, assembled and tested under 1509000 quality systems cerlification.

INCHES MILLIMETERS
SYMBOL| MIN MAX MIN MAX | NOTES

A - 0.250 - 835 4
Al 0.015 - 0.39 - 4
A2 0125 | 0195 | 318 4.95 -
B 0014 | 0022 | 035 | 0.558 -
B1 0030 | 0470 | 077 177 8
0008 1 0015 { 0204 | 0381 -

D 1380 | 1565 | 35.1 397 5
D1 0.005 - 0.13 - 5
E 0.600 | 0625 { 1524 | 1587 8
E1 0485 | 0580 | 1232 | 1473 5
2 0.160BSC 254 BSC -
1Y 0.600 BSC 15.24 BSC 6
eg - 0.700 - 17.78 7
L 04151 0200 | 293 5.08 4
N 28 28 9

Rev. 112/00

Infersl semiconducior prodicts are $oid by dascripdon only. intersi Corporation reservas the right to make changes i Clretst Oesign andor specifications al any fime with-

sccordingly, the reader 15 catdionsd to verdly thal data sheels are cirrent petore placing ordars. liformation furaished by inleysi is belleved
no responsidiliy 15 assumed by intersi or iis Subsigiaries for s use; Ror for any infringements of patents OF Other rights of (ird parties which may rostft
om is use. Mo ficensa is grantsd by Impiicaton of otheradse under eny pateni of patent righis of inbersi of s subsidianes.

i0 be accurie and

For information regarding Intersit Corporation and its products, see web site www.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE

Intersit Corporation Intersit SA

P. O. Box 883, Mail Stop 53-204 Mercure Center

Melbourne, FL 32902 100, Rue de la Fusee

TEL: 1321} 724-7600 1130 Brussels, Beigium

FAX: {321} 724-7240 TEL:¢32) 27242111
FAX; {32) 2.724.22.05

ASIA

Intersit Ltd.
8F-2, 88, Sac. 1, Chien-kuo North.
Taipel, Taiwan 104
Republic of China
TEL: 886-2-2515-8508
FAX: 886-2-2515-3369

15 | _intersi
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