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g\BSTRACT

!

) This project is a study of experiment to make the electric symmetrical
l!components meter. That used to measure current in balance or unbalance 3 phase
ioower system which separate to 3 components. Such as positive-sequence component ,
[negative~ sequence component and zero-sequence component. The ratio of negative to
Epositive (called unbalance value) is useful for a practical induction motor protection
:algorithm because the unbalance results in undue of the machine particularly the rotor.
fSo this measurement device will help to find unbalance value. For this idea we use CSM
i

.(current sensors base on magnetic sensor device) to detect current from line current .

use Microcontroller to calculate the components and display by LCD.
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ADDRESS 0000H - 7FFFH (PMEM 27256)
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422 msmamﬁz Lagging Power Factor Load 1 Phase

E

[ v
&waﬂﬁﬂaiuumazxwaﬂxuanymzmu

|

Y]

'‘Phase A il Pure Incandescent Lamp

naoal 100W $wau 10 vasa

usedu 220V Fanszuald 4.5 A Jamdeliihld o7x10 W pf = 0.97

i

7

; 175V Janszuald 3.95A JamdalWihld esx1i0 w  pf. =098

: 125V danszua’ld 3.25A Jamadlnihld 3sxi0 w  pf =093

:

( Phase B ilu  Pure Resistor

5 ANNAUMUIUIA 60 Q

fusedu 220V Sanszuald 35 A SamidelWdhlg 75.5x10 w p.f. = 0.98

: 175V danszuald 2.85A JamdslWihld 48x10 W pf.=0.96

; 125V Janssudald 2 A Samdaihld 25x10 W pf.=1.00

i

E

EPhase C Wu Pure Inductor

: Faniionhune 770

| fusadu 220V Senszuald 31 A SamaelWihid ex10 w p.f. =0.08

E 175V danszuald 25 A Jadmdalwdhld axi0 W pf =009

! 125V Janszudld 1.75 A Jamdald1d 2x10 W pf. = 0.09

'

! VOLT I, Iy I

E 220 452414 3.5£-131° 3.1435°

g 175 3.952-14° 2.85/-136° 2.54£35°
125 3.25.2-21° 2.£-120° 1.75,35°
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'Phase A Wlu Pure Incandescent Lamp

vaoall 100W $1u79u 10 vasa

Phase B dJu Inductor Siries Lamp
§

i
1

i
3
!

175V Sanszua'ld

fusedu 220V Janszuald 275 A JadidsInfld 20x10
225 A Jafdelnihld 16.5x10 W pf. =042

125V Janszuald 1.65A SaddelWiild 7x10

AUsRY 220

Phase C 1ilu inductor Parallel Resistor

23 mInenssdia Lagging Power Factor Load 2 Phase

Mussu 220V Janszuald 45 A JadddlWdfld orxio w o pf =097
175V Janszuald 3.95A Jafddeldfld esxio w  pf =098
125V Janszuald 3.25 A Jamdalnifald 38x10 w  pf.=093

waoalW 100W $1u2u 10 waes oynsududaniioniwune 77 Q

W p.f.=0.48

W p.f. =034

dantlgnhivuie 77 Q mumﬁ'umméfmmuwm 60 Q

v danszuald 49 A Samdaldihld s1.5x10 w pf=075

175V Janszuald 39 A JSaddalddfhld s2x10 w pf =076
125V danszuald 227 A Samdelndhld 27x10 w pf =095
VOLT , I, I,
220 4524140 2.75.,-182° 4.9£79°
175 3.952-14° 2.25.,-185° 3.9.480°
125 3.25.,-21° 1.65.£-190° 2.7.,82°

AN 43 HEUULﬁUULLiQﬁUtLﬂZﬂizLlﬂ"‘\lﬂﬂﬂ'li‘l’lﬂﬂil\iﬁ 4.23
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E
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|
424 msneand 4 Lagging Power Factor Load 3 Phase

TnanfideluudazmaesSdnuae s

|

iPhaseA il Inductor Siries Lamp

; waoall 100W §1m9u 10 waoa eynsufudumiisnihwue 77 9

fussfu 220V Sanszuald 275A Safdelihld 20x10 W pf. =048
175V Janszuerld 2.25A Jamdelndfhld 16.5x10 w pf. =042

125V Janszuald 1.65A Jafddlnfld 7x10 w pf =034

R ol R, B v

Phase B 1ilu Inductor Siries Lamp

l naealv 100W $1mam 10 waea oynsufufumivnihume 77 0

E‘?iusaﬁu 220V Fanszuald 275A damaeldihld 20x10 W/p.f.=0.48
175V Janszua'ld 225 A Saddaddnfhld 16.5x10 w p.f =042
125V Janszuald 1.65A Tamdslwdhld 7x10 w pf =034

Phase C ilu Inductor Siries Lamp
aoal 100W §1m9u 10 wasa synsusudanienihwun 77 0
fiusedu 220V Sanszuald 275A Saddeihld 20x10 W pf. = 0.48
175V Janssuald 225 A Fafmdalwihld 16.5x10 W pf =042
125V Janszuala 1.65 A Jafidalwild 7x10 W pf =034

T T W ot ST i e I e it

VOLT L l, I
220 2.75£-62° 2.75£-182° 2.75458°
175 2.25/-65° 2.25,-185° 2.25455°
125 1.65£-70° 1.65.2-190° 1.65./50°

TRETER Rl AT e i S e et o e,

MINA 44 WSoUREUUTIRULASATSUAVRINSNARBIT 4.2.4
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= =

Pure Resistor

Inductor Series Lamp

Pure Inductor

=

Inductor Parallel Resistor
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A =4 =~ [V [y A (Y d I3 A
l'WE]L‘ljiU‘UWIU'Uﬂ‘lJﬂ']i]']ﬂﬂ'li'Jﬂ‘l]'lﬂlﬂiﬂﬂ'lﬂﬂ\‘]ﬂﬂﬁzﬂ'i)‘ljﬁ?JiJ']ﬂiIﬂUﬂ']iﬂ'lu'JmLWﬂﬂ'l

Symmetrical Components of Current Ias13doyavinnisnanesh 2 (13191 4.6) v3sriai

2
I, = [L+al,+al ]/3
2
E 0 I, = [L+al,+al ]/3
; Lo = [L+I,+1.]/3

wld 1, =452414° 1 =285/-13¢° I = 1.75035°

a

Zero Sequence Current
Lo = [4.54-14°+2.85/-136°+ 1.75.£35°]/3
= [4.36- j1.088-2.05- j1.97+1.43+j1.0]/3

[3.74-j2.061/3
1.42./-29°

Positive Sequence Current -

: L, = [4.54-14°+2.85/-136° + 120° + 1.75.£35°+ 240°] / 3
= [454-14°+2.85/-16°+1.75£-85°]/3

: = [4.36- j1.088 +2.73 - j0.78+ 0.15-j1.74]/3

=[724-j3.61/3

= 2.69.4-26°

Negative Sequence Current

I, = [4.54£-14° +2.85./-136°+ 240° + 1.75.£35°+ 120°] / 3
= [4.52-14°+2.85/104° + 1.75.£155° ] / 3
= [4.36- j1.088 - 0.68 + j2.76 - 1.58 +j0.74]/3

. o o

I

[ 2.1-j2.411/3
1.06 £ 49°

= TN, WTOM e w
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) 4 v
Ef'h'n%”umsﬁTuamtﬁaﬂmszua‘luumazwlaum‘s1mmsnm"lﬁ'mﬂqmmu

j

Pt
i

Ial + IaZ * IaO

2
210 al, +al,+I,

O’H
1l

2
aIal +a Iaz + IaO

—
]

[,
WiesnnaeayunInmsialmAanainduinueinasseanldunu

| nyzudalua A
I, = 2.52£-26° + 1.14.£49° + 1.32.£-29°
= 2.26 -j1.1 +0.75 +j0.86 + 1.15 - j0.64
: = 4.16 - j0.88
E = 4.25/-12°
| nszualumle B
I, = 2.522-26°+240° + 1.14.£49°+ 120° + 1.32.£-29°

= 2.522214° + 1.14£169°+ 1.32.£-29°
= -2.1-j1.41-1.12+j0.2 + 1.15 - j0.64
= -2.07-1.85

= 2.77./£-138°

T I ™ e Y0

FAseua e C
I = 2.52/-26°+120° + 1.14 £, 49°+240° + 1.32 /. -29°

2.52.294° + 1.14£L-71°+ 1.32 £ -29°

Il

= -0.17 +j2.51 +0.37 - j1.07 + 1.15 - j0.64
= 1.35+j8
= 1.56.£30°

o em— AT T o

i e A 3T —
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Tavl¥doyaninnisnanesh 2 (m15197 4.6) v559iaf 7

t I, = 269/-26°
I, = 1.06£49°
E L, = 142£-29°

R T P —

o
warresvos Symmetrical Components

TS R e T

NISUT Phase A
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NI Phase B

NILUE Phse C
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' a e ; 4 q9 = = R |
N15UATIEH N Symmetrical Components mﬂ‘wagaiumimamw 2 (MTNN 4.6) VTINAN 7

¢

45/-14°

.
It

' a

2.85.2-136°

O’H
I

1.75£35°
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T .

I = 45414 1, =285/-136° I = 1.75/35°

f‘mnms"‘iﬂ ]
21NN1SNARDY I = 425/-12° 1, = 277£-138° I, = 1.56.£30°

e
E

i

3

mnnuAanaialunseea A
I, EROR(%) = [(4.5-4.25)/4.5]1x 100

#

By

= 55%

amnuRanata lunseumna B
I, EROR(%) = [(2.85-2.77)/2.85]x 100

= 2.8%

sanuAanwaa lunsuala C
I. EROR(%)

[(1.75-1.56)/1.75]x 100

C

< 10.8 %

— -y
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;START PROGRAM SYMMETRICAL COMPONENTS METER

;""""'*".'PROGRAM TEST".""*"""

LCDWRC EQU OFAOOH

LCDRDC EQU OFAO1H
LCDWRD EQU 0OFA02H
LCDRDD EQU OFAO03H
LLCDBUF EQU 9B00H

ORG 00H

DS 8

SYSSTK: DS 64
LCDBUF: DS 64

ENDINT:

ORG 0000H

;LCD-A WRITE CONTROL

. READ CONTROL

. WRITE DATA

. READ DATA

:LCD DATA BUFFER EXTERNAL

:.."*."'*"*.'POWER ON WORDntaita-«Qtwtwta

POWON: LCALL LCDSET

MOV DPTR#7AQ0CH

LCALL LCDLDX
LCALL LCDOUT
MOV R2,#10H

LCALL DELAY

:ttiﬁtﬁ'tiit*.tp ROG RAM IN PUT'Q'ﬁQitt.ﬁ'ﬁiﬁ

MoV
MOV
MOVX
MOV
MOV
MOV
MOV

DPTR#0F803H ;

CONTROL ADDRESS

A #9BH ; CONTROL WORD

@DPTRA
RO,#00H
R1,#00H
R2,#00H
R3,#03H

MAIN: MOV  DPTR#0F800H

MOVX

A@DPTR

CALL A1

MOV
MOVX

DPL,RO
@DPTRA

: PHASE A
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MOV DPTR,#OF801H ;PHASEB
MOVX A@DPTR

CALL B1

MOV  DPL,RO

MOVX @DPTRA

MOV DPTR#0F802H ;PHASEC
MOVX A@DPTR

CALL Cih

MOV  DDPL.,RO

MOVX @DPTRA

INC RO

NOP  DELAY
NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

DJINZ R1,MAIN
INC R2
DINZ R3,PEAK_A  ;TO PEAK PROGRAM
LUIMP  MAIN

CJINE R2#00H,A2



MOV DPH,#92H ; PH A 9200-94FF
RET
A2: CJINE R2#01HA3
MOV DPH,#93H
RET
A3: MOV DPH#94H
RET

B1: CJNE R2,#00H,B2
MOV  DPH #95H ; PH B 9500-97FF
RET
B2: CJNE R2#01H,B3
MOV  DPH #96H
RET
B3: MOV DPH#97H
RET

Ci1: CJNE R2#00H,CI2 ;PH C 9800-9AFF
MOV  DPH,#98H
RET
Cl2: CJNE R2#01H,CI3
MOV  DPH,#99H
RET
CI3: MOV DPH,#9AH
RET

jreansenns s DROGRAM PEAK_[NPUT**+#sssnsus
PEAK_A: MOV  R2#0FFH

MOV R4 #0FFH
CON1: MOV R3,#0FFH

DEC R2

DEC R4

MOV  DPTR,#9200H
CON2: DEC RS3

MOV  AR3

JZ CON1

MOV  AR4

JZ  ALT1:

MOVX A@DPTR

INC 82H

sSuBB AR2
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JC CON2

ALT1: DEC 82H

MOVX A@DPTR
MOV  RO,82H
MOV  R1,83H
MOV  DPTR#9000H
MOVX @DPTRA
INC  82H
MOV ARO
MOVX @DPTRA
INC 82H
MOV AR1
MOVX @DPTRA

PEAK_B: MOV  R2#0FFH

MOV R4,#0FFH

CON3: MOV  R3#0FFH

DEC R2
DEC R4
MOV  DPTR,#9500H

CON4: DEC R3

MOV  AR3

JZ CON3

MOV  AR4

JZ  ALT2

MOVX A @DPTR
INC 82H

SUBB AR2

JC CON4

ALT2: DEC 82H

MOVX A.@DPTR
MOV  R0,82H
MOV  R1,83H
MOV  DPTR,#9003H
MOVX @DPTRA
INC 82H

MOV  ARO
MOVX @DPTRA
INC 82H

MOV  AR1
MOVX @DPTRA
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PEAK_C: MOV  R2#0FFH
MOV  R4,#0FFH
CONS: MOV R3,#0FFH

DEC R2

DEC R4

MOV  DPTR,#9800H
CON6: DEC R3

MOV  AR3

JZ CONS

MOV  AR4

JZ  ALT3

MOVX A@DPTR

INC 82H

SUBB AR2

JC CON6

ALT3: DEC 82H

MOVX A@DPTR
MOV  R0,82H
MOV R1,83H
MOV DPTR,#9006H
MOVX @DPTRA
INC 82H
MOV  ARO
MOVX @DPTRA
INC 82H
MOV ARt
MOVX @DPTRA

;"*""’"*PROGRAM RESET_NO_'NPUT"""“"
NO_A: MOV  DPTR#9000H

MOVX A@DPTR
MOV R2#1FH
SUBB AR2

JNC NO_B
MOV A#O00H
MOVX @DPTRA

NO_B: MOV DPTR#9003H

MOVX A@DPTR
SUBB AR2
INC NO_C
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MOV A#00H
MOVX @DPTR.A

NO_C: MOV DPTR,#9006H

MOVX A@DPTR
SuBB AR2

JNC  SHIFT
MOV A#00H
MOVX @DPTRA

:.'.".".**'PROGRAM PHASE_SHIFTQ"'Q"Q"Q.
SHIFT: MOV DPTR,#9000H

MOVX A@DPTR
MOV  DPTR,#9100H
MOVX @DPTRA
MOV  DPTR,#9003H
MOVX A@DPTR
MOV  DPTR#9101H
MOVX @DPTRA
MOV  DPTR,#9006H
MOVX A@DPTR
MOV DPTR#9102H
MOVX @DPTRA

MOV 25H,#00H
MOV  26H,#00H
MOV 27H,#00H
MOV  DPTR#9007H
MOVX A@DPTR
MOV R7A
MOV  DPTR,#9004H
MOVX A@DPTR
MOV  RGA
MOV  DPTR#9001H
MOVX A@DPTR
MOV RS5A
SUBB A,R6
JNC STORE?
CPL A

STORE1: MOV R3A
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MOV AR5
SUBB AR7
JNC STORE2
CPL A

STORE2: MOV R4A

CALL POS_B
CALL POS_C
CALL NEG_B
CALL NEG_C
CALL ZER_B
CALL ZER_C

;******PROGRAM SYMMETRICAL COMPONENT*******

MOV DPTR,#9100H ; Va ADDRESS
MOVX A@DPTR
MOV R7.A ;VaINR7

MOV DPTR#9103H  ;COS B (ZERO)
MOVX A@DPTR

MOV BA

MOV DPTR#9101H Vb

MOVX A@DPTR

MUL AB
MOV O00HA ;LSB (RESULT REGISTER)
MOV 06H.B ;MSB

MOV DPTR,#9104H : COS C (ZERO)
MOVX A@DPTR

MOV B.A

MOV DPTR#9102H ;Vc

MOVX A@DPTR

MUL AB
MOV 0AH.A ;LSB
MOV 0BH,B \MSB

MOV DPTR,#9105H ; SIN B (ZERO)
MOVX A.@DPTR

MOV BA

MOV DPTR#9101H

MOVX A@DPTR

MUL AB
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MOV QCHA ;LSB
MOV ODH.B ‘MSB

MOV DPTR,#9106H  ;SIN C (ZERO)
MOVX A,@DPTR

MOV BA

MOV DPTR#9102H

MOVX A@DPTR

MUL AB

MOV 0OEHA LSB

MOV OFH,B \MSB

MOV DPTR,#9107H ; COS B (POS)
MOVX A @DPTR

MOV BA

MOV DPTR#9101H

MOVX A@DPTR

MUL AB
MOV 10H,A ;LSB
MOV 11H,B \MSB

MOV DPTR#9108H : COS C (POS)
MOVX A@DPTR

MOV BA

MOV DPTR#9102H

MOVX A,@DPTR

MUL AB
MOV 12HA ;LS8
MOV 13H,B MSB

MOV DPTR#9109H  ; SIN B (POS)
MOVX A@DPTR

MOV BA

MOV DPTR#9101H

MOVX A@DPTR

MUL AB
MOV 14HA ;LsB
MOV 15H,B ;MSB

MOV DPTR#310AH  ;SIN C (POS)
MOVX A,@DPTR
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MOV BA
MOV DPTR#9102H

MOVX A@DPTR

MUL AB

MOV 16H.A LS8
MOV 17H.B :MSB

MOV DPTR,#910BH ; COS B (NEG)
MOVX A@DPTR

MOV BA

MOV DPTR#9101H

MOVX A@DPTR

MUL AB

MOV 18HA :LSB
MOV 19H,B \MSB

MOV DPTR#910CH ; COS C (NEG)
MOVX A@DPTR

MOV BA

MOV DPTR#9102H

MOVX A@DPTR

MUL AB
MOV 1AH,A ;LSB
MOV 1BH,B ;MSB

MOV DPTR#310DH  ;SIN B (NEG)
MOVX A@DPTR

MOV BA

MOV DPTR#9101H

MOVX A.@DPTR

MUL AB
MOV 1CHA LS8
MOV 1DH.B ;MSB

MOV DPTR#910EH  ;SIN C (NEG)
MOVX A@DPTR

MOV BA

MOV DPTR#9102H

MOVX A.@DPTR

MUL AB

MOV 1EHA ;LSB
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MOV 1FH,B

MOV DPL,00H
MOV DPH,06H
MOV R2,#00H
MOV R3#0FFH
CALL DPDIV

MOV 00H,DPL

MOV DPL,0AH
MOV DPH,0BH
MOV R2,#00H
MOV RB3,#0FFH
CALL DPDIV

MOV 0AH,DPL

MOV DPL,10H
MOV DPH,11H
MOV R2,#00H
MOV R3#0FFH
CALL DPDIV
MOV 10H,DPL

MOV DPL,12H
MOV DPH,13H
MOV R2#00H
MOV RS3#OFFH
CALL DPDIV

MOV 12H,DPL

MOV DPL,18H
MOV DPH,19H
MOV R2#00H
MOV R3#0FFH
CALL DPDIV

MOV 18H,DPL

MOV DPL,1AH
MOV DPH,1BH
MOV R2,#00H
MOV R3#0FFH

;MSB

; DIV COS B (ZERO) by FF
; RESULT REGISTER
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CALL
MOV

Mov
MOV
MOV
MoV
CALL
MOV

MOV
MOV
MOV
MOV
CALL
MOV

MOV
MOV
MOV
MOV
CALL
MOV

MOV
MOV
MOV
MOV
CALL
MOV

MOV
MOV
Mov
MOV
CALL
MoV

MoV
MOV
MOV

DPDIV
1AH,DPL

DPL,0CH
DPH,0DH
R2,#00H
R3,#0FFH
DPDIV
O0CH,DPL

DPL,0EH
DPH,OFH
R2,#00H
R3,#0FFH
DPDIV
OEH,DPL

DPL,14H
DPH,15H
R2,#00H
R3,#OFFH
DPDIV
14H,DPL

DPL,16H
DPH,17H
R2,#00H
R3,#0FFH
DPDIV
16H,DPL

DPL,1CH
DPH,1DH
R2,#00H
R3,#0FFH
DPDIV
1CH,DPL

DPL,1EH
DPH,1FH
R2,#00H
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MOV RS, #0FFH
CALL DPDIV
MOV 1EH,DPL
LIMP CZ

:nnma- COS (ZERO) ARRARAANERRAR

CZ:

MOV 0BH,00H
MOV 13H,0AH
MOV C,2BH
ORL C,2AH

,COSB
;COSC
; SIGN COSB IN 25H
; SIGN COSC by 1=(-),0=(+)

; SELECT +,- OPERATION

JNC CO1
MOV C,2BH
ANL C,2AH
JC CO4
SETB C

ANL C,2BH
JC CO3
CALL COS2
MOV 00H,0BH
MOV 06H,13H
MOV 30H,0BH
MOV 31H,13H
MOV C,46H
MOV 40H,C
LJMP CP

CO1: CALL COs1

MOV 00H,08H
MOV 06H,13H
MOV 30H,0BH
MOV 31H,13H
CLR 40H
LIMP CP

CO3: CALL COS3

MOV 00H,0BH
MOV 06H,13H
MOV 30H,0BH

; SIGN COS(ZERO) IN 28H
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MOV 31H,13H
MOV C.46H
MOV 40H,C
LJMP CP
CO4: CALL COS4
MOV 00H,0BH
MOV 06H,13H
MOV 30H,0BH
MOV 31H,13H
MOV C,46H
MOV 40H.C
LJMP CP

:i't*ti COS POSITIVE L T T

CP: MOV 0BH,10H
MOV 13H,12H
MOV C,33H
ORL C,32H
JNC COO1
MOV C,33H
ANL C,32H
JC CO04
SETB C
ANL C,33H
JC CO003
CALL COSs2
MOV 10H,0BH
MOV 11H,13H
MOV 46H,0BH
MOV 47H,13H
MOV C,46H
MOV 42H.C
LJMP CN

COO1: CALL COS1
MOV 10H,0BH
MOV 11H,13H
MOV 46H,0BH
MOV 47H,13H
CLR 42H

,COS B

;COSC
;IN 26H

: SIGN COS(POS) IN 28H




LJMP CN
COO03: CALL COS3

MOV 10H,0BH
MOV 11H,13H
MOV 46H,0BH
MOV 47H,13H

MOV C.46H
MOV 42H,C
LJMP CN

COO04: CALL COS4

MOV 10H,0BH
MOV 11H,13H
MOV 46H,08H
MOV 47H,13H
MOV C,46H
MOV 42H,C
LJMP CN

;iiiit' COS NEG TRk A AR ARk A kA

CN:

COOO01: CALL COS1

MOV 0BH,18H
MOV 13H,1AH
MOV C,3BH
ORL C.3AH"
JNC COO0O01
MOV C,3BH
ANL C,3AH
JC CO004
SETB C

ANL C,3BH
JC CO0003
CALL COS2
MOV 18H,0BH
MOV 19H,13H
MOV 4CH,0BH
MOV 4DH,13H
MOV C,46H
MOV 44H,.C
LJMP Sz

.COSB
;COSC

VIN27H

: SIGN COS(NEG) IN 28H
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MOV 18H,0BH
MOV 19H,13H
MOV 4CH,0BH
MOV 4DH,13H
CLR 44H
LIMP Sz
COO003: CALL COSs3
MOV 18H,0BH
MOV 19H,13H
MOV 4CH,0BH
MOV 4DH,13H
MOV C.46H
MOV 44H,C
LJIMP SZ
CO004: CALL COs4
MOV 18H,0BH
MOV 19H,13H
MOV 4CH,0BH
MOV 4DH,13H
MOV C,46H
MOV 44H,C
LIMP SZ

;t\n-a. S'NE ZERO L T A

SZ: MOV 0BH,0CH ;SINB
MOV 13H,0EH ;SINC
MOV C,29H ; IN 25H
ORL C,28H
JNC SN1
MOV C,29H
ANL C,28H
JC SN4
SETB C
ANL C,29H
JC SN3
CALL SIN2
MOV 0CH,0B8H
MOV O0DH,13H
MOV 42H,0BH
MOV 43H,13H
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MOV C47H
MOV 41H,C i IN 28H
LIMP SPT

SN1i: CALL SIN1
MOV 0CH,08H
MOV 0DH,13H
MOV 42H,0BH
MOV 43H,13H
CLR 41H
LJMP SPT

SN3: CALL SIN3
MOV OCH,0BH
MOV 0DH,13H
MOV 42H,0BH
MOV 43H,13H
MOV C,47H
MOV 41H,C
LJMP SPT

SN4: CALL SIN4
MOV 0CH,0BH
MOV 0DH,13H
MOV 42H,0BH
MOV 43H,13H
SETB 41H

LIMP SPT

;'-'aa* SINE POSITIVE TARRARARY

SPT: MOV 0BH,14H ;SINB
MOV 13H,16H (SINC
MOV C,31H . IN 26H
ORL C,30H
JNC SNN1
MOV C,31H
ANL C,30H
JC SNN4
SETB C
ANL Cg31H
JC SNN3
CALL SIN2
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MOV 14H,0BH

MOV 15H,13H

MOV 48H,0BH

MOV 49H,13H

MOV CJ47H

MOV 43H.C ;IN28H
LJMP SN

1: CALL SIN1
MOV 14H,0BH
MOV 15H,13H
MOV 48H,0BH
MOV 49H,13H
CLR 43H

LJMP SN

SNN3: CALL SIN3

MOV 14H,0BH
MOV 15H,13H
MOV 48H,0BH
MOV 49H,13H
MOV C,47H
MOV 43H,C
LJMP SN

SNN4: CALL SIN4

MOV 14H,0BH
MOV 15H,13H
MOV 48H,08H
MOV 49H,13H
SETB 43H
LJMP SN

;nmﬁm SI NE N EGATIVE RERRRARAR

SN:

MOV 0BH,1CH ;SINB
MOV 13H,1EH ;SINC
MOV C,3%H JIN27H
ORL C,38H

JNC SNNN1

MOV C,39H

ANL C,38H

JC SNNN4
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SETB C

ANL C._39H
JC SNNN3
CALL SIN2
MOV 1CH,0BH
MOV 1DH,13H
MOV 2AH,0BH
MOV 2BH,13H
MOV C,47H

MOV 45H,C ; IN 28H

LJMP POWER

SNNN1: CALL SIN1t
MOV 1CH,0BH
MOV 1DH,13H
MOV 2AH,0BH
MOV 2BH,13H
CLR 45H
LIMP POWER

SNNN3: CALL SIN3
MOV 1CH,0BH
MOV 1DH,13H
MOV 2AH,0BH
MOV 2BH,13H
MOV C47H
MOV 45H,C
LJMP POWER

SNNN4: CALL SIN4
MOV 1CH,0BH
MOV 1DH,13H
MOV 2AH,0BH
MOV 2BH,13H
SETB 45H
LUIMP POWER

e SUB COS
:Va + Vb.COSB + Vc.COSC

; RESULT SIGN IN 28H(BIT 46H)

COS1: MOV DPH,#00H
MOV DPL,R7

; COS +,+
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COS2: MOV DPH,#00H

C2:
C22: MOV 0BH,DPL
MOV 13H,DPH

COS3: MOV DPH,#00H

MOV R2#00H
MOV R3,0BH
CALL DPADD
MOV R3,13H
CALL DPADD
MOV 0BH,DPL
MOV 13H,DPH
CLR. 46H

RET

MOV DPL,R7
MOV R2,#00H
MOV R3,0BH
CALL DPADD
MOV R3,13H
CALL DPSUB
JNC C2

SETB 46H

MOV R2,DPH
MOV R3,DPL

MOV DPH #0FFH
MOV DPL #0FFH

CALL DPSUB
INC DPTR
LJMP C22
CLR 46H

RET

MOV DPL,R7
MOV R2,#00H
MOV R3,08H
CALL DPSUB
JNC C3

MOV R2,DPH
MOV R3,DPL

MOV DPH,#0FFH
MOV DPL,#0FFH

,COS +,-

; COS -+
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CALL DPSUB
INC DPTR
MOV 7CH,DPL
MOV 7DH,DPH
LJMP C33

C3: CLR 46H
MOV R2#00H
MOV RS3,13H
CALL DPADD
MOV 0BH,DPL
MOV 13H,DPH
RET

C33: MOV R2#00H
MOV R3,13H
MOV 7EH,#00H
MOV 7FH,13H
CALL DPADD
MOV 0BH,DPL
MOV 13H,DPH
MOV DPL,20H
MOV DPH,21H
MOV R3,22H
MOV R2,23H
CALL DPSuUB
JNC CCC
CLR 46H
RET

CCC: SETB 46H
RET

COS4: MOV DPH,#00H
MOV DPL,0BH
MOV R2,#00H
MOV R3,13H
CALL DPADD
MOV R2,DPH
MOV R3,DPL
MOV DPH,#00H
MOV DPL,R7
CALL DPSUB
JNC C4

; COS --
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C4:

SETB 46H

MOV DPH,R2
MOV DPL,R3
MOV DPH#0FFH
MOV DPL,#0FFH
CALL DPSUB
INC DPTR
LIMP C44

CLR 46H

C44: MOV 0BH,DPL

MOV 13H,DPH
RET

:".tﬁ' SUB SIN dederded e
; + Vb.SINB + VC.SINC
; RESULT SIGN IN 28H(BIT 47H)

SIN1: MOV DPH,#00H

MOV DPL,0BH
MOV R2,#00H
MOV R3,13H
CALL DPADD
MOV 0BH,DPL
MOV 13H,DPH
CLR 47H

RET

SIN2: MOV DPH,#00H

MOV DPL,0BH
MOV R2,#00H
MOV R3,13H
CALL DPSUB
INC S2

SETB 47H

MOV R2,DPH
MOV R3,DPL
MOV DPH #OFFH
MOV DPL #OFFH
CALL DPSUB
INC DPTR
LIMP S22

i SIN +,+

s SIN +,-
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S2:

CLR 47H

$22: MOV 0BH,DPL

SIN3: MOV DPH,#00H

S3:

S33:

MOV 13H,0PH
RET

MOV DPL,13H
MOV R2,#00H
MOV R3,0BH
CALL DPSuB
JNC S3

SETB 47H

MOV R2,DPH
MOV R3,DPL
MOV DPH,#0FFH
MOV DPL#0FFH
CALL DPSUB
INC DPTR
LJMP S33

CLR 47H
MOV 0BH,DPL
MOV 13H,DPH
RET

SIN4: MOV DPH,#00H

MOV DPL,0BH
MOV R2#00H
MOV R3,13H
CALL DPADD
MOV 0BH,DPL
MOV 13H,DPH
CLR 47H

RET

:th"Q DIV SUB LTIt

DPDIV: CLR C

MOV R4#0
MOV  R5,#0
MOV  R1#16

i SIN -+

7 SIN - -



DPDIVi: MOV A,DPL
RLC A
MOV DPLA
MOV ADPH
RLC A
MOV DPHA

MOV AR5
ADDC AR5
MOV  R5A
MOV AR4
ADDC AR4
MOV R4,A

MOV AR5
sSuBB AR3
MOV  R5A
MOV  AR4
SuBB AR2
MOV  R4,A
JNC DPDIV2

MOV AR5
ADD AR3
MOV R5A
MOV AR4
ADDC AR2
MOV R4,A

DPDIvV2:CPL C
DJINZ R1,DPDIV1

MOV ADPL
ADDC ADPL
MOV DPLA
MOV ADPH
ADDC A,DPH
MOV DPHA

MOV  AR4
ORL AR5
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JZ DPDIV3
SETB C
RET

DPDIV3:CLR C
RET

:Nmmn ADD SUB RERRIA

DPADD: MOV  A,DPL
ADD AR3
MOV DPLA
MOV  A,DPH
ADDC AR2
MOV DPH.A
RET

;ti*itt SU BTRACT SUB 1T

bpPsUB: CLR C
MOV ADPL
SUBB AR3
MOV DPLA
MOV ADPH
SuUBB AR2
MOV DPHA
RET

:aﬁmtﬁ CROSS SUB HRRAAN

DPMUL: MOV R4,#0
MOV  R5#0
CLR PSwW.2
MOV  R1#16

DPMUL1: MOV AR5
ADD AR5
MOV  R5A
MOV  AR4
ADDC AR4
MOV  R4A
JNC DPMUL2
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SETB PSW.2

DPMUL2:
RLC
MOV
Mov
RLC
MOV
JNC
MOV

ADD
MOV
MoV

MOV AR3

A

R3,A
AR2
A

R2.A
DPMUL3
AR5
ADPL
R5.A
A,R4

ADDC A,DPH

MoV
JNC
SETB

R4.A
DPMULS
PSW.2

DPMULS: DINZ  R1,DPMULA

MoV
MOV
MOV
RET

DPH,R4
DPL,R5
C,PSwW.2

;7 DIV by 5H & POWER 2 ******

POWER: MOV DPL,00H

MoV
MOV
MOV
CALL
MOV
MOV
MUL
MOV
MOV

MOV
Mov
MoV
MOV
CALL
MOV

DPH,06H

R2,#00H

R3,#05H

DPDIV

A,DPL

B.DPL

AB

00H.A ; RESULT LSB
06H,B ; RESULT MSB

DPL,O0CH
DPH,0DH
R2,#00H
R3,#05H
DPDIV
A,DPL
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MOV B,DPL
MUL AB

MOV OCHA
MOV 0DH,B

MOV DPL,10H
MOV DPH,11H
MOV R2#00H
MOV R3,#05H
CALL DPDIV
MOV A,DPL
MOV B,DPL
MUL AB

MOV 10HA
MOV 11H.B

MOV DPL,14H
MOV DPH,15H
MOV R2#00H
MOV R3,#05H
CALL DPDIV
MOV ADPL
MOV B,DPL
MUL AB
MOV 14HA
MOV 15H,8

MOV DPL,18H
MOV DPH,19H
MOV R2#00H
MOV R3,#05H
CALL DPDIV
MOV A,DPL
MOV B,DPL
MUL AB
MOV 18HA
MOV 19H,B

MOV DPL,1CH
MOV DPH,1DH
MOV R2#00H
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MOV R3,#05H
CALL DPDIV
MOV ADPL
MOV B,DPL
MUL AB
MOV 1CH,A
MOV 1DH,B

MOV DPL,00H
MOV DPH,06H
MOV R2,00H
MOV R3,0CH
CALL DPADD
MOV 00H,DPL
MOV 06H,DPH

MOV DPL,10H
MOV DPH,11H
MOV R2,15H
MOV R3,14H
CALL DPADD
MOV 10H,DPL
MOV 11H,DPH

MOV DPL,18H
MOV DPH,19H
MOV R2,1DH
MOV R3,1CH
CALL DPADD
MOV 18H,DPL
MOV 19H,DPH

;ﬁ'ti.' SQUARE ROOT At il i)
; NEW X = (OLD X + S/OLD X)/2
; S = SQUREROOT TERM

MOV 1AH,00H
MOV 1BH,06H
CALL ROOT

MOV 00H,1EH

oy
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MOV 1AH,10H
MOV 1BH,11H
CALL ROOT

MOV 10H,1EH

MOV 1AH,18H
MOV 1BH,19H
CALL ROOT

MOV 18H,1EH

LJMP FINAL

ROOT: MOV 1DH.#0BH

MOV 1EH,#01H
MOV 1FH,#00H

SQR: MOV R2,1FH

MOV R3,1EH
MOV DPL,1AH
MOV DPH,1BH
CALL DPDIV
CALL DPADD
MOV R2,#00H
MOV R3,#02H
CALL DPDIV
MOV 1EH,DPL
MOV 1FH,DPH
DJNZ 1DH,SQR
RET

FINAL: MOV B,00H

MOV A #3DH
MUL AB

MOV DPLA
MOV DPH,B
MOV R2,#00H
MOV R3,#33H
CALL DPDIV
MOV 20H,DPL
MOV 21H,DPH
CALL HTOD

\1EH=LSB

;1EH=LSB

:LOOP=11 ROUND
;LSB(START)
;MSB

: ZERO
: 5/(3*RO0OT2)

; DIV by 33H

5
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MOV 20H,R3
MOV 21H,R2

MOV B,10H
MOV A#3DH
MUL AB
MOV DPLA
MOV DPH.B
MOV R2,#00H
MOV R3,#33H
CALL DPDIV

MOV 10H,DPL
MOV 11H,DPH

CALL HTOD
MOV 10H,R3
MOV 11H,R2

MOV B,18H
MOV A #3DH
MUL AB

MOV DPLA
MOV DPH,B

MOV R2,#00H
MOV R3,#33H

CALL DPDIV

MOV 18H.DPL
MOV 19H,DPH

CALL HTOD
MOV 18H,R3
MOV 19H,R2
LJMP ART

; LSB (ZERO RESULT)
; MSB

; POSITIVE

; LSB (POS RESULT)
; MSB

; NEGATIVE

; LSB (NEG RESULT)
. MSB

JHH*HTOD SUB (HEX TO DECIMAL)Y********

HTOD: CLR A
MOV R1A
MOV R2A
MOV R3A

MOV R4,#16
HTOD1: MOV A,DPL

RLC A




MOV DPLA
MOV A,DPH
RLC A
MOV DPH,A
MOV R5#3
MOV RO#3
HTOD2: MOV A@RO
ADDC AACC
DA A
MOV @RO,A
DEC RO
DINZ R5,HTOD2
DINZ R4,HTOD1
RET

;****** ARCTANGENT PROGRAM **#+*
;SIGN(ARCTAN) ZERO = 48, POS = 49 , NEG = 4A (IN 29H)

ART: MOV C,40H
ORL C41H
JNC ZAD
MOV C,40H
ANL C41H
JC ZAD
SETB 48H
LIMP PLOOP

ZAD: CLR 48H

PLOOP: MOV C,42H
ORL C43H
JNC PAD
MOV C.42H
ANL C,43H
JC PAD
SETB 49H
LJMP NLOOP

PAD: CLR 49H

NLOOP: MOV C,44H
ORL C.45H
JNC NAD
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MOV C,44H
ANL C.45H
JC NAD
SETB 4AH
LJMP TZERO
NAD: CLR 4AH

:'.'ﬁ.i‘ ANGLE(ARCTAN) ek
; ZERO ANGLE = 22H

TZERO: MOV A,30H
JNZ CHECKN
MOV A31H
JINZ CHECKN
LIMP MAIN rsrreaaey

CHECKN: MOV A, 42H
JNZ STARO
MOV A43H
JNZ STARD
LJMP ZDO

STARO: MOV DPL,42H
MOV DPH,43H
MOV R3,30H
MOV R2,31H
CALL DPSUB
JC ZMDIVN
MOV A,DPH
JNZ ZNDIVM
MOV A,DPL
JZ ZD45

ZNDIVM: MOV  DPL 42H
MOV DPH,43H
MOV R3,30H
MOV R231H
CALL DPDIV

MOV A,DPH
CJINE A,#00H,2D89
MOV 42H,DPL
MOV 43H,DPH
MOV A #28H
SUBB A,DPL




JC ZD89
MOV DPTR#7F00H
MOV A.42H
MOVC A@A+DPTR
MOV 22H.A
LIJMP TPOS
ZD0: MOV 22H,#00H . 0 DEGREE
LIMP TPOS
ZD45: MOV 22H,#45H , 45 DEGREE
LJMP TPOS
ZD89: MOV 22H #89H ; 89 DEGREE
LIMP TPOS
ZMDIVN: MOV DPL,30H
MOV DPH,31H
MOV R3.42H
MOV R243H
CALL DPDIV
MOV A,DPH
CJNE A ,#00H,ZD1
MOV 42H,DPL
MOV 43H,DPH
MOV A #28H
SUBB A,DPL
JC ZD1
MOV DPTR#7E00H
MOV A42H
MOVC A@A+DPTR
MOV 22H,A
LIMP TPOS
ZD1: MOV 22H#01H ;1 DEGREE
LJMP TPOS

: POSITIVE ANGLE = 12H

TPOS: MOV A46H

JNZ CHECKN1

MOV A4TH

JNZ CHECKN1

LIMP MAIN arrriaaean.
CHECKNT:MOV A48H

JNZ STAR1
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MOV A49H
JNZ STAR1
LIMP PDO
STAR1: MOV DPL 48H
MOV DPH,49H
MOV R3,46H
MOV R2,47H
CALL DPSUB
JC PMDIVN
MOV A,DPH
JNZ PNDIVM
MOV A,DPL
JZ PD45
PNDIVM: MOV DPL 48H
MOV DPH,49H
MOV R3,46H
MOV R2,47H
CALL DPDIV
MOV A,DPH
CJNE A #00H,PD89
MOV 48H,DPL
MOV 48H.DPH
MOV A#28H
SuBB A,DPL
JC PD89
MOV DPTR#7FO0H
MOV A48H
MOVC A@A+DPTR
MOV 12H.A
LJMP TNEG
PDO: MOV 12H;#00H
LJMP TNEG
PD45: MOV 12H,#45H
LJMP TNEG
PD89: MOV 12H,#89H
LJMP TNEG
PMDIVN: MOV DPL.46H
MOV DPHA4T7H
MOV R3,48H
MOV R2,49H
CALL DPDIV
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MOV A,DPH
CJUNE A #00H,PD1
MOV 48H,DPL
MOV 49H,0PH
MOV A #28H
SUBB A,DPL
JC PD1
MOV DPTR#7EO00H
MOV A48H
MOVC A@A+DPTR
MOV 12H.A
LIJMP TNEG

PD1. MOV 12H,#01H
LIMP TNEG

» NEGATIVE ANGLE = 1AH

TNEG: MOV AACH
JNZ CHECKN2
MOV A,4DH
JNZ CHECKN2
e bl

CHECKN2:MOV A 2AH
INZ STAR2
MOV A2BH
INZ STAR2
LIMP NDO

STAR2: MOV DPL,2AH
MOV DPH,2BH
MOV R3.4CH
MOV R2,4DH
CALL DPSUB
JC NMDIVN
MOV A,DPH
JNZ NNDIVM
MOV A,DPL
JZ ND45

NNDIVM: MOV DPL,2AH
MOV DPH,2BH
MOV R34CH
MOV R2,4DH
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CALL DPDIV
MOV ADPH
CJNE A,#00H,ND89
MOV 2AH,DPL
MOV 2BH,DPH
MOV A #28H
SuBB A,DPL
JC ND89
MOV DPTR#7F00H
MOV A,2AH
MOVC A@A+DPTR
MOV 1AHA
LJMP PRELCD
NDO: MOV 1AH,#00H
LJMP PRELCD
ND45: MOV 1AH #45H
LJMP PRELCD
ND89: MOV 1AH #89H
LJMP PRELCD
NMDIVN: MOV DPL 4CH
MOV DPH,4DH
MOV R3,2AH
MOV R2,2BH
CALL DPDIV
MOV A,DPH
CJINE A,#00H,ND1
MOV 2AH,DPL
MOV 2BH.DPH
MOV A#28H
SuBB A,DPL
JC ND1
MOV DPTR#7E00H
MOV A, 2AH
MOVC A@A+DPTR
MOV 1AHA
LJMP PRELCD
ND1: MOV 1AH#01H
LJMP PRELCD

;"“"""SUB_PROGRAM pHASE_SHIFT”““““
POS_B: MOV  A#55H

.
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ADD AR3

MOV  B#40H

DIV AB

MOV 22HA

MOV  24H,B

INC A

MOV 23HA

UNB  10H,ANGT

CALL CHANGE
ANG1: CALL COS

MOV  DPTR,#9107H

MOVX @DPTRA

CALL SIN

MOV  DPTR #9109H

MOVX @DPTRA

JNB  19H,JMP_01

SETB 33H
JMP_01: UNB 11H,JMP_02

SETB  31H
JMP_02: RET

POS_C: MOV A #OAAH

R SE——— —— | AT T, TN I AT e ey Sl o TS a—— D WIS ® AT
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ADD AR4
MOV  B.#40H
DIV AB

MOV 22H,A
MOV  24H,B
INC A

MOV 23H,A
JNB  10HANG2
CALL CHANGE

ANG2: CALL COS

MOV DPTR#9108H
MOVX @DPTRA
CALL SIN

MOV  DPTR#910AH
MOVX @DPTRA
JNB  19H,JMP_03
SETB 32H

JMP_03: UNB  11H,JMP_04

SETB 30H
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JMP_04: RET

NEG_B: MOV  A#0AAH

ADD AR3
MOV  B,#40H
DIv AB

MOV  22HA
MOV 24H,B
INC A

MOV  23HA
JNB  10H,ANG3
CALL CHANG.E

ANG3: CALL COS

MOV  DPTR,#910BH
MOVX @DPTRA
CALL SIN

MOV  DPTR,#910DH
MOVX @DPTRA
JNB  19H,JMP_05
SETB 3BH

JMP_05: JNB  11H,JMP_06

SETB 39H

JMP_06: RET

NEG_C: MOV  A#55H

ADD AR4
MOV B#40H
DIV AB

MOV 22HA
MOV  24H.B
INC A

MOV  23HA
JNB  10H,ANG4
CALL CHANGE

ANG4: CALL COS

MOV  DPTR,#910CH
MOVX @DPTR,A
CALL SIN

MOV  DPTR#910EH
MOVX @DPTRA
JNB  19H,JMP_07



SETB 3AH

JMP_07: UNB  11H,JMP_08
SETB 38H

JMP_08: RET

ZER_B: MOV AR3
MOV B,#40H
DIV AB
MOV 22HA
MOV 24H.B
INC A
MOV 23H.A
JNB  10HANG5
CALL CHANGE

ANGS5: CALL COS
MOV  DPTR,#9103H
MOVX @DPTRA
CALL SIN
MOV DPTR#9105H
MOVX @DPTRA
JNB  19H,JMP_09
SETB 2BH

JMP_09: JNB  11H,JMP_10
SETB 29H

JMP_10: RET

ZER_C: MOV AR4
MOV B,#40H
DIv AB
MOV  22HA
MOV 24H,B
INC A
MOV  23HA
JNB  10H.ANGS6
CALL CHANGE
ANG6: CALL COs
MOV  DPTR,#9104H
MOVX @DPTRA
CALL SIN
MOV  DPTR,#9106H
MOVX @DPTRA
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JNB  19HJMP_11
SETB 2AH
JMP_11:UNB  11H,UMP_12
SETB 28H
JMP_12: RET

CHANGE: MOV A#3FH
SUBB A24H
MOV 24HA
RET

;"“".”".*SUB_PROGRAM COS_S]N"“"""".
COS: MOV  DPTR#7CO0H

MOV A24H
MOVC A@A+DPTR
RET

SIN: MOV  DPTR,#7D00H

MOV A24H
MOVC A@A+DPTR
RET

sreersess s DROGRAM PRE_DIRPLAY _LCD*******++t
PRELCD: MOV DPTR,#9C07H

MOV A11H

LCALL FONT_1

INC DPL

MOV A,10H

LCALL FONT_2

INC DPL

MOV A,10H

LCALL FONT_1

MOV DPTR#9C0BH

MOV A 29H

LCALL SIGN_P

INC DPL

MOV A,12H

LCALL FONT_2

INC DPL

MOV A12H

LCALL FONT_1
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MOV DPTR#9C17H

MOV A19H
LCALL FONT_1
INC DPL
MOV A,18H
LCALL FONT_2
INC DPL
MOV A,18H
LCALL FONT_1

MOV DPTR.#3C1BH

MOV A20H
LCALL SIGN_N
INC DPL
MOV A1AH
LCALL FONT_2
INC DPL
MOV A1AH
LCALL FONT_1

MOV DPTR#9C27H

MOV A21H
LCALL FONT_1
INC DPL

MOV A20H
LCALL FONT_2 -
INC DPL

MOV A,20H
LCALL FONT_1

MOV DPTR#9C2BH

MOV A29H
LCALL SIGN_Z
INC DPL
MOV A22H
LCALL FONT_2
INC DPL
MOV A22H
LCALL FONT_1

LJMP LCD1



[P

L

N

o ey o

e

FONT_1: ANL A#OFH
ORL A#30H
MOVX @DPTR.A
RET

FONT_2: MOV B#10H
DIV AB
ORL A#30H
MOVX @DPTRA
RET

SIGN_P: ANL A,#02H
JNZ PMINUS
PADD: MOV A#2BH
MOVX @DPTRA
RET

PMINUS: MOV A #20DH
MOVX @DPTR,A
RET

SIGN_N: ANL A#04H
JNZ PMINUS
NADD: MOV A #2BH
MOVX @DPTRA

RET

NMINUS: MOV A #2DH
MOVX @DPTRA
RET

SIGN_Z: ANL A#01H
JNZ PMINUS
ZADD: MOV A#2BH
MOVX @DPTRA

RET

ZMINUS: MOV A#2DH
MOVX @DPTRA
RET

;"'iﬁ.iﬁ""PROGRAM DISPLAY—LCD..i'ﬁi.*""
LCD1: MOV R2#5H
LCALL DELAY



MOV SP#SYSSTK
SETB EA

MOV
MOV
MoV
Mov

PCON,#0

TH1,#0FDH
MOV
MoV

RO,#08H

RES: MOV @RO0,#0

INC RO
DJNZ R2,RES

LCD2: MOV DPTR#7B00H

LCALL TRANS

LDDATA: MOV DPTR#9B07H

INC DPH
MOVX A@DPTR
DEC DPH

MOVX @DPTRA
MOV DPTR#9B08H
INC DPH

MOVX A@DPTR
DEC DPH

MOVX @DPTRA
MOV DPTR,#9B09H
INC DPH

MOVX A@DPTR
DEC DPH

MOVX @DPTRA
MOV DPTR,#9B0BH
INC DPH

MOVX A@DPTR
DEC DPH

MOVX @DPTRA
MOV DPTR,#9BOCH
INC DPH

MOVX A@DPTR
DEC DPH

MOVX @DPTR,A

R2,#ENDINT-08H

SCON,#01010010B

TMOD,#001000008

;POSITIVE_1

;POSITIVE_2

;POSITIVE_3

;SIGN_POS_ANGLE

;POS_ANGLE_1




MOV DPTR#9BODH  ;POS_ANGLE_2
INC DPH
MOVX A@DPTR
DEC DPH
MOVX @DPTRA
MOV DPTR#9B17H ;NEGATIVE_1
INC DPH
MOVX A,@DPTR
DEC DPH
MOVX @DPTR,A
MOV DPTR#9B18H ;NEGATIVE_2
INC DPH
MOVX A,@DPTR
DEC DPH
MOVX @DPTR,A
MOV DPTR#9B19H NEGATIVE_3
INC DPH
MOVX A@DPTR
DEC DPH
MOVX @DPTR,A
MOV DPTR#9B1BH  :SIGN_NEG_ANGLE
INC DPH
MOVX A@DPTR
DEC DPH
MOVX @DPTR,A
MOV DPTR#9BICH ;NEG_ANGLE_1
INC DPH
MOVX A@DPTR
DEC DPH
MOVX @DPTR.A
MOV DPTR#9BIDH :NEG_ANGLE 2
INC DPH
MOVX A@DPTR
DEC DPH
MOVX @DPTRA
MOV DPTR#9B27TH  ;ZERO_1
INC DPH
MOVX A@DPTR
DEC DPH
MOVX @DPTRA
MOV DPTR#9B28H , :ZERO_2
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INC DPH
MOVX A@DPTR

DEC DPH

MOVX @DPTRA

MOV DPTR#9B29H  :ZERO_3

INC DPH

MOVX A@DPTR

DEC DPH

MOVX @DPTRA

MOV DPTR#9B2BH  ;SIGN_ZER_ANGLE
INC DPH

MOVX A@DPTR

DEC DPH

MOVX @DPTR,A

MOV DPTR#9B2CH ;ZER_ANGLE_1
INC DPH

MOVX A@DPTR

DEC DPH

MOVX @DPTR.A

MOV DPTR#9B2DH ;ZER_ANGLE_2
INC DPH

MOVX A@DPTR

DEC DPH

MOVX @DPTR.A

MOV R2#10H

LCALL DELAY

LCALL SHOW ;DISPLAY SYMMETRICAL
LJMP LCD2

MOV R2,#10H

LCALL DELAY

PUSH PSW
SETB PSw.4
CLR Psw.3
MOV R2#1
MOV R3,#0
POP PSW

SYSON: ORG 7A00H
DB '



T TRt Ry o e e

il T

A m—— aguakaadt s

TS i G ey - o

T MR e e o

DB ' SYMMETRICAL '
0B 'COMPONENTS METER'
b8 '

MAINT: ORG 7B0OH

DB ‘'lat= <
D8 O0DFH

bB '

0B ‘'la2= <
DB ODFH

bB

DB 'la0= <
DB ODFH

bB v

DB 'X0.03'

TRANS: MOV R2,464
TRANSO: CLR A
MOVC A@A+DPTR
LCALL DATARAM
INC DPTR
DJNZ R2,TRANSO
RET

DATARAM:PUSH DPH
MOV DPH,#9BH
MOVX @DPTRA
POP DPH
RET

SHOW: MOV DPTR#LLCDBUF
SHOWOUT:LCALL LCDLDX
LCALL LCDOUT
MOV R2#2H
LCALL DELAY
RET

DELAY: MOV R3#179
DTSEC1: MOV R4,#0
DJNZ R4.$
DJNZ R3,DTSECH
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DJNZ R2,DELAY
RET

LCDSET: MOV A,#001110008B
LCALL LCDWI
MOV A,#000011008
LCALL LCOW!
MOV A#01H
LCALL LCDWI
RET

LCDWD: PUSH DPH
PUSH DPL
MOV DPTR#LCDWRD
MOVX @DPTR,A
MOV DPTR#LCDRDC
LCOWD1: MOVX A@DPTR
JB ACC.7,LCDWD1
POP DPL
POP DPH
RET

LCOWI: PUSH DPH
PUSH DPL
MOV DPTR,#LCDWRC
MOVX @DPTR.A
MOV DPTR,#LCDRDC
LCDWI1: MOVX A @DPTR
J8 ACC.7,LCDWIN
POP DPL
POP DPH
RET

LCDLDX: MOV R2,#64
MOV RO,#LCDBUF
LCDLDX1:CLR A
MOVC A@A+DPTR
MOV @R0.A
INC DPTR
INC RO
DJNZ R2,LCDLDX1
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RET
LCDLD1: MOV R2,#64
MOV RO,#LCDBUF
SJMP LCDLDX1
LCDLDX2:JNB ACC.0,ZERO
MOV @Ro#1'
SJMP GO
ZERO: MOV @RO#0'
GO: RRC A
INC RO
DJNZ R2,LCDLDX2
RET

LCDOUT: MOV RO #LCDBUF
MOV A #80H
LCALL LCDOUTS
MOV A #0COH
LCALL LCDOUTS
MOV A #90H
LCALL LCDOUTS
MOV A #0D4H
LCALL LCDOUT2
RET

LCDOUTS:LCALL LCDW!
MOV R2,#16
LCOOUT1:MOV A@RO
LCALL LCOWD
INC RO
DJNZ R2,LCDOUT1
RET

LCDOUT2:LCALL LCDWI
MOV R2#8
LCDOUT3:MOV A@RO
LCALL LCOWD
INC RO
DJNZ R2,LCDOUT3
RET

;.'"“""’TABLE COS_SIN__ARCTAN""'"""
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LF351

NNational Semiconductor

LF351 Wide Bandwidth JFET'Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET 1i™™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voitage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. |f maximum supply

current is important, however, the LF351 is the better
choice.

Features

K Internally trimmed offset voltags 10 mV
m Low input bias current 50 pA
= Low input noise voltage 25 nV/Hz
m Low input noise current 0.01 pA/AzZ
® Wide gain bandwidth 4 MHz
» High slew rate 13 V/ps
u Low supply current 1.8 mA
m High input impedance 10120
m Low total harmonic distortion Ay =10, <0.02%

Ry =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz

m Low 1/f noise corner 50 Hz
® Fast settling time to 0.01% 2 us

Typical Connection

Simplified Schematic

Re Ve © &
0
Yo
—0
INTERNALLY INTERNALLY
TRIMMED TRIMMED
ruwsese-n O
. N, TUH/5348-12
Connection Diagrams
Dual-In-Line Package
1 -/ 8
- BALANCE — _ — NC
0 * 2 7
INPUT —— — v *
3 ]
INPUT — — OUTPUT
_ 4 s
. v — BALANCE
TUH/5848-13

- Order Number LF351M or LF351N
See NS Package Number MOSA or NOSE

1-46
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Otfice/Distributors for availability and speclfications.

Supply Voltage 18V
Power Dissipation (Notes 1 and 6) 670 mwW
Operating Temperature Range 0°Ctlo +70°C
THMAX) 115°C
Differential Input Voltage 30V
Input Voltage Range (Note 2) +15V
Qutput Short Circuit Ouration Continuous
Storage Termperature Range —65°Cto +150°C
Lead Temp. (Soldering, 10 sec.)

Metal Can 300°C

DIP 260°C

DC Electrical Characteristics (Note3)

0.

[
N Package 120°C/W
M Package 78D

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) 260°C
Small Qutline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 "Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

Symbol Parameter Conditions LF351 Units
Min Typ Max
Vos Input Offset Voltage Rs = 10k, Ty = 25°C 5 10 mv
Over Temperature 13 mV
AVops/AT » Average TC of Input Offset Rg=10kN 10 R
Voltage
los ‘i Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
T;£70°C 4 nA
Ig Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj< +70°C 8 nA
Rin Input Resistance Tj=25'C 1012 n
AvoL Large Signal Voltage Gain Vg= +15V, To=25C 25 100 V/mvV
Vo= £10V, Ry =2k
Over Temperature 15 v/mV
Vo -1 Output Voltage Swing Vg=£15V, R =10k £12 +13.5 L v
Veum Input Common-Mode Voltage +15 v
Range Vg= 15V 11
-12 v
CMRR Common-Mode Rejection Ratio Ag<10kQ 70 | 100 | a8
"PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 " d8
Is * Supply Current 1.8 34 mA

4 1-47
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AC Electrical Characteristics (Note 3)

Symbol Parameter Conditions LF3s1 Units
) ) Min Typ Max
SR Slew Rate V=115V, Tp=25'C 13 V/us
GBw Gain Bandwidth Product Vg=+15V, Ty =25°C 4 MHz
ival . o -
e Equivalent Input Noise Voltage Ta=25"C, Rg=100Q, 25 vz
f= 1000 Hz
in Equivalent Input Noise Current Tj=25'C, f=1000 Hz 0.01 pANHZ
Note 1: For op g at el p the device must be derated based on the thermal resistance, 84,
Note 2: Unless otherwise specified the absol d gative Input voltaga is equal to the negative power supply voitage,
Note 3: Thesa specifications apply for Vs= 215V and 0°C<Tx < +70°C. Vog, Ig and los are measured at Voy =0,
Note 4: The input bias currents are junction feak G which app ly double for every 10°C i in the juncti 9, Tj. Oue to the limited

production test time, the input bias currents measured are correlated ta junction temperature. In normal operation the junction temparature rises above the ambient
temperature as a rasult of internal power dissipation, Pp. T|-TA+O;4 Pp where 9 is the tharmal resistance from junction to ambient, Use of a heat sink is

recommended If input bias current is to be kept to a minimum,

Note 5: Supply voltage rejection ratic is measured tor both supply magnitud increasing or d ing simut y in with practice, From
%15V o £5V. 3 ae
Note 8; Max. Power Dissipation is defined by the package ch ristics. Operating the part near the Max. Power Oissipation may causa the part 10 operate
outside guaranteed limits.

1-48
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Typical Performance Characteristics

15€47

. \n

Input Bias Current Input Bias Current Supply Current
T ™ = T 22 T T
100 }-Vg»:15V 7 T TgTage0C
= L Tae2se z g sy f z 1
S ow 2 v K3
-] A E A = L~
H b H / 3. //
< [3
g [ 2 ' £ 1
L 2 ——c T =
- - s 4
5 5 e £
E g H L "o
|
Y 1 L 12
-1 -5 ] s ] € 10 20 30 40 W o8N (I T TR T I T
COMMDN-MODE VOLTAGE (Vi TEMPERATURE {C) SUPPLY VOLTAGE (=V)
. o
Positive Common-Mode Negative Common-Mode .
Input Voltage Limit Input Voltage Limit Positive Current Limit
0 T W r~—r—11 s
CCgTaL 0 C ~ cr:snsorrc[ =
g g : £ k\
= =
= 18 wg 8 4
5 / ge /] S u A
Qe xE < ‘-Y- 5'c
i3 : =2 / s
82 1 S 1 2
§u F / T > 10°¢ [
ax o= 4 ' 2
o5 w3 JZe T E s
- 2> ! 1 3
5 < an i w
E X 43, / ' 1 2
2 T H g T &
s L [] I : £ o
] H 10 13 ] ] $ 10 18 bi] 2 ] L] i R[] L1
POSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY VOLTAGE (V) QUTPUT SOURCE CURRENT (ma)
Negative Current Limit Voltage Swin Output Voitage Swin
9
B~ T " =7 10 T
: = | A~ n = Vg e :15Y |/
H — a Tae5%C T Z‘ 28 | Tg-28C
: ‘\ Z x ! A < Al
- y o,
A N\ g i pd : o
] . Yy - -
s ; ] A <15
2 : ERE v =
H —125°C ] A e
5 s > . 74 > 18
H - i 4
w nel][oc 2 B & !
2 ; £ Iy 4
- 2 -]
< ® . ‘ ”
o . 1.
2 [} n [ ]
] 18 2 » 4 ] $ " LG wu 1 ]
OUTPUT SINK CURRENT (mA} SUPPLY VOLTAGE (:v)© - AL - QUTPUT LOAD (et}
Galn Bandwidth Bode Plot Slew Rate
) k] 153 L]
T N o Vg =215V
T vgertsy _] ".\\ :S':" - Ao |
3 LT ] L Avel FALLING
48 - b Cp e 1009F 1"
= Cy=1003F N s 2 3 [
s N ] w 3
£ H N PHASE 5 = I
¢ ™ E T v 8 E afS RISING
= \\ -3 AN o = \
z — < iy i Ak
3 ™~ - el -
z s o NI "
. -1 ~100
s [
3 -3 -150 1
EE RN [T 1 ] 108 6 1 M MM oo
TEMPERATURE Q) FREQUENCY (Miz} TEMPERATURE {°C)
TU/H/S648-2
" 1-49



LI

f Y G,

T e ST e owewen Ay e—"

" e o wem

., S—

TS e TR T wn e o ek Do b SV S—

— e

L

LF351

Typical Performance Characteristics (Continued)

Undistorted Output

Open Loop Frequency

Distortion vs Frequency Voltage Swing Response
[3] % 120 ;
Vo a1V Vg 218V ~ ' ; ! aI.
w305 % Aen s i | Aen
Ta=28°C & I, LI 2 —t—r— Vg o r15y —
ags b 1t 2 \\ Tae25°C z \ Ta-25C
-4 FER piinl on }
Tous Vo= 20Vpp] H S 0IsT, o N ;
5 L " L -] d 2 NI
X] B )
] Ay > 10¢ l = 1 s v
5o | t H I - N
2 [ S n T S u ]
o.08e S by
- H
L i 7, £. £ \\
= 3 l s N
0 - . '
10 168 it N 100k 10 100¢ ™ T 10 180 1x 0% toox 1M 1oM
FREQUENCY (W2} EREQUENCY (2} FAEQUENCY (Hy)
, -
. Ead
Common-Mode Power Supply Equivalent input
Rejection Ratlo Rejection Ratlo = Noise Voltage
= 120 T = e T E 70
= Vge:15v 2 [v,-—uv E
-3 - -
g w optzd L5 leies L -
- A M 100 ! S
3 wi v, ) [ -y
5 . P . 4 > 4
w v L 8 SSUPPLY b3
S &PV 2 S N
€ 1 + g 0 - i J ~
S w|l ' e o V\ N\ 5 1]
E 4 Vew t o X 2
2 CMAR = 20106 Ve OPEN LOOP E] -supeLY N =
3 3 “vourace cam [ [ T § u t s
s , 1 D i ¢ , g 0
16 100 16 10k 06k M 1oM 0 100 X 1w fgox M gom g 10 100 1] 10 180%
FREQUENCY (Mz) FREQUENCY {1y} FREQUENCY (Hz)
\ -3
Open Loop Voltage 4
Gain (V/V)
b ] E
s Rye2t : : T -
2 Ta= ¢CT0 15 C] _ I
= ) g a
] g H
@
g P s ) H g
= e -
H = g
- + 5 5
S I £ s A
+
z l s 5 A\ [T
-] o
1ok | 3 I\
s 1 15 u WO  toe M oM LY ' "
SUPPLY VOLTAGE (:v) FAEQUENCY (1) SETTLING TIME L)
TUM/5648-3
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Pulse Response

verting

Small Signal In

OUTPUY VOLTAGE SWING (50 mV/DIV)

TIME (0.2 ;5/01V)

TL/H/5648-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

QUTPUT VOLTAGE SWING (50 mV/D1V)

TIME {0.2 :5/DIV)

TL/H/5648-5
Large Signal Non-Inverting A
?

OUTPUT VOLTAGE SWING (SV/0IV)

TIME (2 .2/DIV) TIME (2:2/01V)
TUL/H/5648~6 k TL/H/5648-7
Current Limit (R = 100Q)
s
g
=
P
=
. &8
s
(=4
<
-
-l
(=3
>
b ol
=
S
-
2
o
TL/H/5648-8

Application Hints

The LF351 is an op amp with an internally timmed input
oltset voltage and JFET input devices (BI-FET HT™). These
JFETSs have large reverse breakdown voitages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input gurrent.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will

cause large currents to flow which can result in 2 destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the

1sedn
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Application Hints (continued)

common-mode range again puts the input stage and thus ,'

the amplifier in a normal operating mode. ~

Exceeding the positive common- mode limit on a single input _.

will not change the phase of the output; however. it both
inputs exceed the limit, the output of the ampiifier will be
forced to a high state, |

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.’
When the negative common-mode. voltage swings to within
3V of the negative supply,” an increase in input offset voltage.,.
may occur. E-
The LF351 is biased by a zener reference which allows nor-.
mal circuit operation on £4V power supplies. Supply voltx-

ages less than thesa may result in lower gain bandwidth and —~

slew rate.

The LF351 will drive a 2 k(2 load resistance to %10V over
the full temperature range of 0°C to + 70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finafly reach an active current fimit on
both positive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detailed Schematic

wards in a socket as an unlimited current surge through the

resulting forward diode within the IC could cause fusing 6f
the internal conductors and result in a destroyed unit.

As with most amplifiers, ¢aré should be taken with lead
dress, component placemient-and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up”:and maximize the frequency of
the feedback pole by mlmm"ihg the capacitance from the
input to ground.

A fesdback pole is created whien the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the-input of the device (usually the inverting in-
put) to AG ground set the frequency of the pole. In many-
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequenlly there is negligible effect on stability margin.
However, if the feedback pale is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistancs it parallels
is greater than or equal to the original feedback pole time
constant.

Yee O0— &
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Typical Applications

Supply Current Indicator/Limiter

o TOSYSTEMSUPPLY

] VsureLY O—=@~AAN—§

s

* Vour switches high when Rgls > Vp

T T ORIV e e

Ultra-Low (or High) Duty Cycle
Pulse Generator

7" VOLTAGE CONNECTION

Vour

TO CONTROL CIRCUITRY

HI-Z)y Inverting Amplifier

€2

Parasitic input capacitance C1 = (3 pF for LF35t
plus any additional layout capacitance) interacts
with teedback el and creates undesirabl
high freq pole. To P
that: R2C2 = R1C1.

add C2 such

Long Time Integrator

| I R v
i RESET
INTEGRATE VELFINN
f
§
R
Vin O—AAA 4 _
1
QO Vour * e f Vin OIT
t
- 4.8 — 2Vg
) * touteyt HigH = RIC Zn rypan
- Vg - 7.8 TU/H/5648-10
* toutput Low = R2C £ Vg - 7.8 *Low leakage capacitor
where Vg = V+ + v-i 50k pot usad for less sensitive Vog adjust
*low leakage capacitor
;
— s 2z
' ' 1.81

15€41
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LF353

NNational Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational ampiifiers with an internally trimmed input offset
voitage (BI-FET IIT™™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voitage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
of existing LM1558 and LM358 designs.

These amplifiers may be used in appiications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

Features

B Internally trimmed offset voltage 10 mv
=B Low input bias current 50pA
m Low input noise voltage 25 nv/{Hz
m Low input noise current 0.01 pA/VHZ
u Wide gain bandwidth 4 MHz
x High slew rate 13 V/ps
u Low supply current 3.6 mA
® High input impedance . ~ 10120
® Low total harmonic distortion Ay = 18, <0.02%

RL=10k, Vo=20Vp—p, BW =20 Hz-20 kHz

B Low 1/f noise corner 50 Hz
m Fast settling time t0 0.01% 2 us

Typical Connection

—-‘\N\"—

)
-Vee

Simplified Schematic

1/2 Dual

Vee O—

A
- +
INTERNALLY
INTEANALLY
TAWMED Thiid
Veg O

Connection Diagrams

Metal Can Package (Top View)

INVERTING
weuT R

INVEATING
INPUT &

NONNVEATING
INPUT A o

NONINVEATING
INFUT B

red . et

‘Order Number LF353H
See NS Package Number HOBA

Fs!

Dual-In-Line Package (Top View)

1 L VA '

ouTPUT A v

INVERTING INVUT A =l 1—' QuTAMT S

nOnINVERTING ) '
eaTing 1| —— INVEATING INPUTR

4 5  xOm
INWUT S

v

Order Number LF353M or LF353N
See NS Package Number MOSA or NOSE

TL/H/5849-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 260°C
please contact the National Semiconductor Sales Soldering Information
Otfice/Distributors for availability and specifications. Dual-in-Line Package
Supply Voltage t18v Soldering (10 sec.) 260°C
power Dissipation (Note 1) S"\"Ia" Ou;I:lne P(a;gage . e
" o " apor Phase sec.) *
Operating Temperature Range 0°Cto + ;g‘ g Infrared (15 sec.) 220C
T{(MAX)_ ! See AN-450 “Surface Mounting Methods and Their Effect
Differential Input Voltage +30v on Product Reliability for other methods of soldering sur-
Input Voltage Range (Note 2) +£15V face mount devices.
Output Short Circuit Duration Continuous ESD Tolerance {Note 7) 1700V
Storage Temperature Range —65°Cto +150°C 8,4 M Package T8D
DC Electrical Characteristics (vote 4)
Symbol Parameter Conditions LF353 Units
i Min Typ Max
Vos “Input Ofiset Voltage * Rg=10kQ; To=25'C N 5 10- mv
Over Temperature 13 mVv
AVos/AT Average TC of input Offset Voitage Rg=10kQ .. 10 pv/°C
los Input Oftset Current Tj=25°C, (Notes 4, 5) 25 100 pA
Ti<70°C 4 nA
Ig Input Bias Current lj=25C, (Notes 4, 5) 50 200 pA
Tj$70°C 8 nA
Ain Input Resistance Tj=25'C 1012 7
AvoL Large Signal Voltage Gain Vg= £ 15V, Ty =25C . 25 100 V/mvV
Vo= £10V,R =2k
Over Temperature 15 VimV
Vo Qutput Voltage Swing Vg= £ 15V, R_=10kQ 12 £135 \'
Veum Input Common-Mode Voltage Vg= %15V £11 - +15 \
Range -12 )
CMRR Common-Mode Rejection Ratio RAs< 10kN 70 100 dB8
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100 dB8
Is Supply Current 3.6 65 ; mA
AC Electrical Characteristics (vote 4)
Symbol Parameter Conditions 53 Units
. Min Typ Max
Amplifiegto Amplifier Coupling Ta=25°C, f=1Hz—-20 kHz —-120 dB
(Input Referred)
SR Slew Rate Vg= %15V, T4 =25C 8.0 13 V/us
GBW Gain Bandwidth Product Vg= £ 15V, Ta=25C 2.7 4 MHz
en Equivalent Input Noise Voltage TA=25C, Rg=100Q, , =
f= 1000 Hz 16 nV/yHz
in Equivalent Input Noise Current Tj=25"C, f=1000 Hz -0.01 pA/VHz
Note 1: For operating at slevated tempaeraturaes, the davice must be derated based on a thermal resistance ol 115°C/W typ junction to forthe N p

and 158°C/W typ junction to amb{ont {for the H package.

Note 2 Unless otherwise spouﬂed the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: The power dissipation fimit, howaver, cannot be exceeded.

Note 4: Tho;o specifications apply for Vg= £ 15V and 0°C < TA< + 70°C. Vs, Ig and los are measured at Vo =0,

Note §: The input bias currents are junction leakage currents which apploximatory doutte for avery 10°C i in the juncti ' , Tj Oue to the limited
production test tima, the input bias d are o In normal the juncti P rises above the amblent
lemperature as a result of intemal power dissipation, Pp. T|-TA+0M Pp where 8y is the | resi from ] Use of a heat sink is
recommended H input bias current is to be kept to a minimum.

Note 6: Supply voitage rejection ratio is measured for both supply magni ing or d ing simul ly in with practh

Vs = £6Vto £15V.
Note 7: Human body model, 1.5 k2 in serdies with 100 pF.

r
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.
-
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Typical Performance Chéracteristics

POSITIVE COMMON MOOE INPUT

INPUT BIAS CUARERT (pA)

VOLTAGE LMY {v)

UNITY GAIN BANOWIDYH (atite)

NEGATIVE DUTPUT VOLTAGE SWING {V)

&

a0

£

Input Bias Current

L
Vg o158y

-Tar25 ¢

-10 ] ¢ $ 10

0

COMMON-MODE VOLTAGE (V)

Positive Common-Mode Input
Voltage Limit

T
SCSTageine

/|

[ 1 10 15 20
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

AN
—25°¢
weif lec
I
] 10 ] .40

QUTPUT SINK CURRENT (ma)

; Gain Bandwidth

8

[
Vgastsy _
Rpe2x

Cy =180 9F ]

4 10 2

W a4 N uwn
TEMPERATUARE O

INPUT BIAS CURRENT (pa)

NEGATIVE COMMON-MODE INPUT
VOLTAGE LIIT tv)

QUTPUT VOLTAGE SWING {Vopl

.

GAIK {dp)

Input Bias Current

N aE o
Vem o
Cvgs 1sv
I y,
4
100 Ve
—
>
o
L
10
@100 N K %ok o

TEMPERATURE( C)

Negative Common-Mode input

Voltage Limit
20

TCeTagennc
i —
19 /
pd
5 ,/
yd
4
[}
o s W oy
NEGATIVE SUPPLY VOLTAGE (v)
Voltage Swing
90—
| a-n
Tae35C
3 /’
LA
n v
//
Z
10 74
Nl
] 5 s on
SUPPLY VOLTAGE (2w
Bode Plot
20 150
Vge1sv I
) MR , 18
Cp 109y
N " =
1 1 . i g
PHASE by
. <l T ' 2
T .
-0 : h A 5o &
i Nl ®
- - ~108
-1 l ,' 158
[ &) 1 18 108

FREQUENCY MMz}

SUPPLY CURRENT (mA)

POSIVIVE OUTPUT VOLTAGE SOURCE i

QUTPUT VOLYAGE SWING o)

SLEW BATE (Vi)

Supply Current
44 ]

12

1

4

Positive Current Limit
[{] =

T T
TSTasIrC !

H

v

SUPPLY VOLTAGE (:v)

] Do

u [

W ]

\ i !

" ‘—‘-zr: ;

i :

wel T {oe .

* : 1

) i

P

[j B i

. P
' vow 1w

QUTPYT SQUACE CUARENT (ma)

Output Voltage Swing
n -

T
Vgo sy
b Tas2stc

et UGS SR

[ R} 1 0
Ry - QUTPYUT LOAD (k)

Slew Rate
Vgo 15V l
Apee :
Ay =1 FALLING
|
i

8 10 20 N 4w s s 10
TEMPEAATURE (C)
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Typical Performance Characteristics (continued)

Undistorted Output Volitage Open Loop Frequency
Distortion vs Frequency -Swing Response
01 — 0 .o
Vgs 15V - Vge 1SV . | nl .z‘l
UL of PPPPT l s IS A LT ™ vt-.-lsv—
Pt H Tael5C = N 3
_ sk = \ ayet z N T8¢
2 : ERR <t oist e
=02 P Vo 28 Vps H \ 8 N
s L | 8 = \
E o 10 } e -}
H B Ay 10 l = s Y
%o H & \
s [ ’ > \ 3 u N
0.058 5 S \
Aye 10 .[ £ Z
0.825 2 5 X
=4 e e \
0 L1 0 ]
w oo n [ 108 1008 ™ 118 100 1 10w 100y M f0M
FREQUENCY (Hn) FAEQUENCY (M) FRAEGUENCY (H2)
Common-Mode Rejection Power Supply Rejection Equivalent Input Noise
Ratio Ratio Voltage
s 10 ool s ™ T 70
3 P— g 15V s .
2w foedr g2 Mg e w &
< ~ Tae28C g . A 8
= £ 18 | gz w
e ¥ A\l § [~ l -
g = 1 N £ @«
8 g - OVen 32 \ 8 +SUPPLY ik
£ N € w AN TH 30 P
w W P~
a [} ] > \ - =
g vr Vo 5 £ \ £2
2 CMRR < 20L0G — + OPEX L0OF H SsurtLY o 5=
S n} J b - Il { -
3 VOLTAGE GAIN 1 1 ;, i 10
g L L 2 l l 0
10100tk 1k tecw WM W 10100 1K 10k 100k 1M fOM 10 100 % 0k 100K
FREQUENCY (Hz) FREQUENCY (1) FREQUENCY {H2)
b '.'.
i Y S
" Open Loop Voltage Gain (V/V) Inverter Settling Time
™ s 18
s T 11T
s ?fﬁ?%%ﬁ%%?%%%ﬁ z TTHIT Z1 ve= wisv]
2 Tp -G CTO o€ ‘o F ey [/ | Tas2s'
= I ! 3 2 s .
= ! - - tmV
- — g 2 4
g |~ Tas20°C H H [
5 toex i H éa T
> 2 s 1mv
-] 2 -
s H 3 taav XK
= 3 z i\
£ H A\
-] g \
10K - e -
[ " 1 s W T 10k 100k IM. 10M & 1 18
- SUPPLY VOLTAGE (V) FREQUENCY (H2) SETTUNG TIME La)
TUH/5849-3
- J'
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LF353

Pulse Response
Small Signaling Inverting

OUTPUT VOLTAGE SWING (50 mv/Div)

TIME (0.2 43/DIV)

TL/M/5849-4

Large Signal Inverting

CUTPUT VOLTAGE SWING {5v/D1V)

TIME (2 us/Dtv)
TUH/5649-8

0 3s
L 5

. OUTPUT VOLTAGE SWING (1v/o1v)

Application Hints

These devices are Op amps with an internally trimmed input
offset voltage and JFET input devices (BI.FET Il). These
JFETSs have large reverse breakdown voltages from gate to

inputs. Therefore, large ditferential input voltages can Qasily
be accommodated without g large increase in input current,
The maximum differential input voltage is independent of
the supply voitages. Howaver, neither of the input voltages
should be allowed to exceed the negative supply as this will
tause large currents to flow which €an result in a destroyed

unit,

source and drain eliminating the need for clamps across the -

Small Signal Non-Inverting

SUTPUT VOLTAGE swiNg {50 mV/D1V)

TIME (0.2 us/DIV)
TL/H/5649-5

Large Signal Non-inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TUH/5648-7

Current Limit (RL = 10000)

TU/H/S649-8

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.
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Application Hints (continueq)

Exceeding the positive common-moda limit on a single input
will not change the phase of the output; howsver, if both
inputs exceed the limit, the output of the ampiifier will be
forced to a high state.

The amplifiers will operate with a common-mode input voit-
age equal to the positive supply; howsver, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increass in input offset voitage
may occur. . )

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on +6V. power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive a 2 k) load resistance to +10V
over the full temperature range of 0°C to + 70°C, If the am-
plifier is forced to drive heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards

Detailed Schematic

in a socket as an uniimited current surge through the resuit-
Ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The paralle! resistance and capaci-
tance from the input of the device {usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB8 frequency of the closed loop gain and
consequently there is negligible effect on stability margin,
However, if the feedback pole is less than approximately 6
times the expected 3 d8 frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor shouid be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant,

Vee O— $

O a
an
RS
4 Sz
@ t—_o VO
<
n
R?
Gk ate
<& 1us

R9
0 a2 ]

R [:}]

TL/H/5649-9
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LF353

Typical Applications

Three-Band Actlye Tone Control
800ST - CUT

0.005
™ MID-RANGE
<
2.6k 100k 3.6k
¢ ‘M__“
v—e

1.8 sH Fﬂ ’ gk
t_i Fﬁ“_‘i, ‘ TREBLE

—Qaur

i moreq || I I
A wori 2 ; !
+15 T
"0 Hare ]
U] I |1
s [y
z ! ; 11 Y
z s
(-]
0 LU [ l lh I
N ,'Imrs:;,
& o
10 100 1k 1Ch
FREQUENCY (i)

TL/H/5649-10

Note 1: All controls flat. -
Note 2: Bass and trable beost, mid Nat.
Note 3: Bass and treble cut, mid flat,
‘Note 4: Mid boost, bass and trable flat,
Note 5: Mid cut, bass and trebls flat

All potentiometers are linear taper
Use the LF347 Quad for stereo applications
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Typical Applications

{Continued)
Improved CMRR Instrumentation Amplifier

SEPARATE
2R2 ) As
Ayafl—— 21 A .
% (m R4

777 and & are separate Isolated grounds
Matching of R2's, R4's and A5's control CMRR
With Ay = 1400, resistor matching = 0.01%: CMRR = 136 d8

® Very high input impedance
® Super high CMRR

Fourth Order Low Pass Butterworth Filter

A1
R
Vin

¢
]
{1 i
'7 L 15v J
L
240 3 4
_ + ar
-~ ' an
€1 12 LFI8IM AAA
st VWA
I
) 1
R3 - M
1 "
AAA AAA

¢ Cornerfrequency (f)m  /___ 1 . A ! - 2
R1A2CCY 2n R1’R2°CCH pid

® . Passband gain (Hg) = {1 + R4/R3) {1 + R4'/R3I")

¢ First stage Q = 1.31
® Second stage Q = 0.541

® Circuit shown uses nearest 5% tolersnca resistor va

¢ Oftset nuiling v for

OC perf .

iues for a filter with a corner frequency of 100 Hz gnd a passband gain of 100

TUH/56849-11

€6€41
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LF353

Typical Appljcations (Continued)
Fourth Order High Pass Butterworth Filter

1 1 1 1
* Corner trequency fo " ’m . P - 'WZ’CZ .2_1.

® Passband gain (Hg=(1+ R4/A3) (1+R4'/A3")

¢ Firststage Q = 1.31

* Second stage Q = 0.541

e Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10,

Ohms to Voits Converter

7oV
LSCaLe

=15V

TUH/5649-13
v
Vo " ———— X ﬁx

Ruooen

Where Rtapogr is the resistance from switch S1 pole to pin 7 of the LF353.
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Schottky TTL High-Speed 'TTL Low-Pawer Schottky TTL Standard TTL Low-Power TTL.:
Package Package . Package . Package . Packa;
-+ | Device Type Device Type Device Type —{ Device Type Device Type
° YPe [CTRIM[EF YPe IETPIMECF Pe ICTRMEr [CTPIM[CF PIM
SN54504 1| W SNSanaa i) W.i.| SNS4LS04 BI] | w2 SNS4GE g Wil SNSALO 4 T{NE[TY
T.1 SNY2S04 1 TING SNIHOL 1TIND SNTALSOC 14§ IND] SNT404 JE NG SNTeLO4 JLINT|TY :
FMS$4504/F M9S0410 FM54H04: FM$04 {O.T F L] rusisoe/ Prem e o] 1 [AL {FMSe04sFMINGe [GD F
FAIRCHILD FCT4S04,€Ce5Cs IO | »D FCYMO$/FCIH ICT |PT FOILSM/ FOALSH oD2T[ 1D |FMILFTING: (O[PS
MC3108 LLf P MCS404 L Fl
MOTOROLA MC3003 LEIPT] 1P T] SNYeLS0d P T MCTi04 N
S DM SaH04 1 LIND OMSaL, S04 CmEa0e JENE Wil OMSaL04 4N
NS.C. OM74504 NG, OMI4rEL 15N DM74L 504 OM 7404 JIINT OMTaLO4 JDING
t B-
PHILIPS N74504 I NTaHO [5) NTLL S04 i Fwmnu | | €
SIGNETICS SS4504 17 T]AD)! WOl S54104 FOlAD] |[wl $5404 IFT{AT W
NT4S04 iFT1A0] Iwof Nramod FOIAT NTIL S04 AL NTa34 FT|AD
1 |
SIEMENS : FLMINT T
| ]
FUITSU 1 7a.504 T MSa13 RS
HITACH! HOTAS04 I 1PT HO LS04 Pl HOM04/HD2522 | T{PO
MITSUBISH! M5S004 +Q MULSOE PTi MS$3204 PD [
T "
1|
NEC 14504 CIL - 78L 504 e »P5238 oo - i
TOSHIBA TV T :
Electrical Characteristics SN54L.S04:SNT4LSO4
- avsolute meuimum ratings over coerating frea-air temoerature range R
Suwely voage. VGG e Oowratng ee-er [ snucs ~35C e . g M
T e e s Schematics (each gate) ;
S'rage temoeraiure “ange =83C 13 150C .
reconvnended operating conditions .
SNS4LS04 SN74LS0L
MIN NOM AR [l NOW MAX e
Sudtry volreas vor 3 3 s o 3 3.0 v
Pighdeat QUIDA 2urent. 10w -2 -1 -t -
Lowenst ouiut Cwrent. lgy o ! 1 -4 BAC
Juersteg Fer-ss ‘emowrate Ty =T s | e ) £

electrical characteristics over recommended operating ®TPUT Y
free-air temperatuie range .
PARAMETER TEST CONDITIONS t MIN TYP 3 MAX| UNIT
N Hign-avel put vostase : 2 v 4
Vi Low-ievet nout vortage 9.8 v
v Inout clamp voitace VG mMIN,  iy= ~iimA -1SE v
[ cuacuiy [ A1) A2 A1 A4
VoW  Hignelevet output vaitage VCCRMIN, vy =V max, 2.7 1 v 04 e [1ox]130] th ]
193 #MAX TLO4  [40wl20mi 500 170
VEC=MIN, vy 2y, laput clamp diodes net en
v -+
OL  Lowdeval outaut vouage 1oy = AmA $1g SNSALTSNTAL * cireuirs.
ingut currant at ‘04, °
) 3 04. "LO4 CIARCUITS
! Daumum nput vaisage ORGS0 &Y el > .
It rhghelewdl input currens Vee=MAX | Viy=2,1v 20] aA
I Low-evel inout Surrent Voo =MAX, Vi =0,V =0.4] mA
Shart-circunt | sars Faniv | ~20 =100
. J
05 outout current ¢ VegmMAX [T s Famiy | —20 Tia] ™ .
[ Supdly current M Total, ou:
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Absolute Maximum Ratings (Notes122)
If Mllitary/Aerospace specitied devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors tor availability and specifications.

Supply Volitage (Voe) 10V
Logic Control Inputs -0.2Vto Voo +0.2V
Voltage at Other Inputs and Output  —0.2V to Vg +0.2V
Storage Temperature Range -85°C to +150°C

Package Dissipation at T = 25°C 875 mwW
Input Current at Any Pin (Note 5) 1mA
Package Input Current (Note 5) 4 mA
ESD Susceptability (Note 9) 1200V

Lead Temp. (Soldering, 10 sec.)

Dual-iIn-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

Operating Ratings (otes 18 2)

Temperature Range TMiNS TAS TMAX
ADC0820CCJ —40°C<Tpo< +85°C
ADC0820CIWM —40°CLTp< +85°C
ADC0820BCN, ADC0820CCN 0°C<TA<70°C
ADC0820BCV, ADC0820CCV 0°C<TAL70°C
ADCO0820BCWM, ADC0820CCWM 0°C<TA<70°C
ADC0820CCMSA 0'C<TA<70°C

Vec Range 4.5V to 8V

Converter Characteristics The following specifications apply for RD mode (pin 7 =0), Voo sV, VRer(+)=5V,
and Vrer(—)=GND unless otherwise specified. Boldface limits apply from Tyy to Tuax; all other fimits Tp=T;=25°C.

ADC0820BCN, ADC0820CCN
ADC0820BCV, ADC0820CCV
ARGOBZ008J ADCO820BCWM, ADCOB20CCWM |
Parameter Conditlons ADC0820CCMSA, ADC0820CIWM ;:l‘t"
S
Tested | Design Tested Design
(NI‘{: o| Lmit | Limit (NZ‘{:B) Limit Uimit
) (Note 7) | (Note 8) (Note7) | (Notes)
Resolution 8 8 8 Bits
Total Unadjusted ADCO0820BCN, BCWM Y, - Y Ls8
Error ADCO0820CCJ * +1 LS8
(Note 3) ADC0820CCN, CCWM, CIWM, *1 LS8
ADC0820CCMSA +1 +1 LS8
Minimum Reference 23 1.00 2.3 1.2 kO
Resistance
Maximum Reference 2.3 6 2.3 53 6 kQ
Resistance
Maximum Vgegr(+) Vee Vee Vee v
Input Voltage P
Minimum VRge(—) GND GND GND Y
Input Voitage )
Minimum Vger(+) . Vrer(-) VRee(=). | VRer(=) | V
Input Voltage
Maximum Vrep(-) VRer(+) Vaer(+) | VRer(+) | .V
Input Voltage }
Maximum Vi Input Vee+0.1 Veg+0.1 | Vgg+0.1 v
Voltage -
Minimum vy Input GND~0.1 GND-0.1{ GND-0.1 v
Votage
Maximum Analog | TS =Vce . ..
Input Leakage Vin=Vee B 0.3 3 2A
Current - Vin=GND - =3 S -0.3 -3 ‘nA*
Power Supply Vee=5V5% £ +Y, £V e Y LS8
Sensitivity .
. . - e

A,
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DC Electrical Characte ristics The following specifications apply for Voc =5V, unless otherwise specified.
Boldtace limits apply from Tyn to Tmax; all other limits TA=Ty=25"C.
ADC0820BCN, ADC0820CCN -—
ADC0820BCV, ADC0820CCV
ADC0820CC * ADC0820BCWM, ADC0820CCWM
Parameter Conditions ADC0820CCMSA, ADC0820CIWM t‘mh
n
T Tested | Design T Tested Design s
(No’t’: o[ Lmit | Limit (Noﬁ’ 6| Limt Limit
(Note 7) | (Note 8) (Note 7) {Note 8) .
V(). Logical “1" | Veg=5.25V 3, WA, ED 2.0 _ 2.0 2.0 v
Input Voltage Mode 35 3.5 3.5 v i
Vingo), Logical "0" | Veg=4.75V T3, WA, RO 0.8 0.8 0.8 v
Input Voltage Mode 15 15 15 v i
ingry, Logical “1* | Vingy=5V:CS,AD - 0.005 1 0.005 1 uA
Input Current Vingn=5V; WR 0.1 3 01 7| .03 3 rA i
Ving)=5V; Mode 50 200 50 170 200 BA
Iingoy. Logical “0" | Vino)=0V; TS, D, WA, -0005| -1 -0.005 -1 pA
Input Current Mode . -
Vouty Logical 1" | Voo = 4.75V, lout = —360 pA; 2.4 | 28 2.4 v
Output Voltage DB0-D87, OFL, INT
Vog=4.75V, lour = — 10 pA; 45 46 4.5 v
080-087, OFL, INT
Vourio). Logical “0” | Voo =4.75V, lgyr = 1.6 mA; 0.4 0.34 0.4 v
Qutput Voltage DB0-DB87, OFL, INT, RDY
louT, TRI-STATE Vour=5V; DB0-DB7, RDY 0.1 3 0.1 0.3 3 pA
Output Currant Vour =0V; D80-D87,RDY | —0.1 -3 -0.1 -0.3 -3 pA
Isource. Output VouT=0V; D80-DB7, OFL -12 -6 -12 -7.2 -5 mA
Source Current INT =9 —4.0 -8 -53 -4.0 mA
lsink, Output Sink | Voyt=5V; DB0-D87, OFL, 14 7 14 8.4 7 mA
Current INT, ROY
lcc, Supply Current | CS=WH=RD=0 7.5 15 7.5 13 15 mA

AC Electrical Characteristics The tollowing specifications aply for Voo =5V, te=tr=20 ns, Vagr(+) =5V,
VRer(—)=0V and Ta=25°C unless otherwise specified.

T Tested | Design
Parameter Conditions (No¥: 8 Limit Limit Units
{Note 7) {Note 8) -
tcap. Conversion Time for RD Mode Pin7 = 0, (Figure 2) 1.6 .25 s
tacco. Access Time (Delay from Pin7 = 0, (Figure 2} tcro+20 tcrp+50 ns
Falling Edge of RD to Output Valid) .
tcwr-RD. Conversion Time for i Pin 7 = Vggi twr = 600 ns, 1.52 ns
WR-RD Mode tap = 600 ns; (Figures 3a and 3b)
twr. Write Time Min Pin 7 = Vg (Figures 3a and 3b) 600 . ns
Max (Nota 4) See Graph 50 ps -
tro, Read Time Min ° Pin7 = Vg (Figures 3a and 3b) 600 ns -
(Note 4) See Graph
taccss Access Time (Delay from Pin 7 = Vcg, trRo <ty (Figure 3a)
Falling Edge of RD to Output Valid) C =15pF 190 280 ns.< y.
’ Cy_ =100 pF 210 320 ns
taccz: Access Time (Delay from Pin 7 = Vce. tro> 4 (Figure 3b)
Falling Edge of RD to Output Vaiid) ~ CL=15pF 70 . 120
. C_=100 pF 90 150
tacca, Access Time (Delay from Rising RpyrLyp = 1kand C = 15 pF 30
Edge of RDY to Output Valid)

:' 2-96
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56 specified. AC Electrical Characteristics (Continued) The following specifications apply for Vog=5V, t,=t;=20 ns,
Vaer(+) =5V, Vage(—) =0V and T = 25'C unless othefwise specified.
::gggc [ - T Tested Design
Parameter Condjtions —JP Limit Limit Units
320CCWM (Note &)
(Note 7) {Note 8)
B20CIwM_| Lima 1!
—————{Uniy }! ¢, Internal Comparison Time Pin 7=V¢c: (Figures 3b and 4) 800 1300°" ns
l?ljsnlgn i . C, =50 pF '
N o':; '3) 1ty ton. TRI-STATE Control Ry =1k, C =10 pF 100 200+ ns
————___|! (Delay from Rising Edge of RD to
2.0 v ! Hi-Z State)
3.5 v l twTL, Delay from Rising Edgeof _ | Pin7 = Vgg, CL= 50pF
0.8 v || WRitoFalling Edge of INT tro>ty; (Figure 8b) t ns
T‘\ i tao <ty (Figura 3a) tap+ 200 trp +290 ns
—‘—L sirH, Delay from Rising Edge of (Figures 2, 3a and 3b) 125 225 ns
1 pA | ADto Rising Edge of INT C_ =50 pF .
230 BA ttHwWR. Delay from Rising Edge of (Figure 4), C =50 pF 175 270 ns
S BA WA to Rising Edge of INT . )
-1 BA tnoy. Delay from CS to RDY (Figure 2),CL=50 pF,Pin 7 =0 . 50 100 ns
T\'- tip. Delay from INT to Output Valid (Figure 4) 20 50 ns
’ v ta1, Delay from RD to INT Pin 7=Vee, tRo <t 200 290 ns
45 v (Figurs 3a)
. tp, Delay from End of Conversion (Figures 2, 38, 3band 4) 500 ns
0__4 'T to Next Conversion (Note 4) See Graph
) ; Slew Rate, Tracking 0.1 V/us
3 A Cyin, Analog Input Capacitance 45 pF
-3 BA Cour. Logic Output Capacitance i 5 : pF
-6 mA Cin. Logic Input Capacitance 5 pF
-~4.0 mA - Note 1: Absolute Maxi Aatings indi limits beyond which damage to the device may occur. DC and AC slectrical specifications do not apply when operaling
'7“‘—; tne device beyond its spacifled operating conditions.
mA | Note 2: Al voltages are measurad with respect to the GND pin, unless otherwise specified.
Note 3: Total unadjusted error includes offset, full-scale, and linearity errors.
15 mA Hote 4: Accuracy may degrade if twr Of trp is shorter than the minimum value specified. See Accuracy vs twg end Accuracy vs tap graohs.
Hote S: When the input voltage (Vi) at any pin exceeds the power supply rails (Viy < V= or Vi > V *) the absolute value of cumrent at that pin should be limited
O+ y=5V, 1o 1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries with a 1 mA current fimit to four,
EF ‘ Note 6: Typicals are at 25°C and represent most likely parametric norm.
Note 7: Tested Iimits are guaranteed to Nationai's AOOL (Avarage Qutgoing Quality Levei).
ign Note 8: Design fimits are guaranteed but nat 100%. tested. These fimits are not used to calculate outgaing quality levels.
it Units Note 9: Human body modal, 100 ¢F discharaged through a 1.5 k01 rasistor.
@ 8) - i /
: s TRI-STATE Test Circuits and Waveforms
$50 ns o ve MM type G =10 pF
v t
2 1S - . m « n’x“
ouTAuy o 10%
ns — L]
e ottt ™ &
ns TUH/5501-3 - tya20ns e TL/HISS01-4
X tore Cy 2 10 pF
- - B w

ouTyTS o
%20 ngYor =7, TUM/5501-6

TL/H/5801-8
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Timing Diagrams

ADC0820
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Note: On power-up the state of INT can be high or low.

2 TL/H/5501 -7
FIGURE 2. RD Mode (Pin7is Low)
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) FIGURE 3a. WR-RD Mods (Pin 7 s High and tap <t

TUHIS501-10
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- FIGURE 4. WR-RD Mode (Pin 7 Is High)

tieer Stand-Alone Operation
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FIGURE 3b. WR-RD Mode (Pin 7 Ia High and tap>t)

5501-9




02800Qv

.
~—
_\ . . .
Typical Performance Characteristics
hY
. Power Supply Current vs
.. Logic Input Threshold Conversion Time (RD Mode) Temperature (not including
Voitage vs Supply Voltage vs Temperature reference ladder)
. g T T 3 u
: ¥ -55'C<Tas +125°C g -
i I RF 4 3 in
g / % s,
=
D g 4 z Veg =475V /é £ { Voo = 8.25¢
a g 2 e 8 s Voo =5V -
¥ & pd g >
il g 7 =z £ \\
R - 54 Vee = 5.0V —, 3
Rl H pd ! Ve =5.25V f Veem 4TSV
i Z 13 e 2 8 § H : S
! o K] = N
: 8 : = l l >
1K S 12 ! !
i B 45 4Is S0 85 55 ~100 -5 0 S5 100 150 ~100 -S¢ 0 S0 100 150
y Ve ~SUPPLY VOLTAGE (V) Ta—AMBIENT TEMPERATURE (°C) To—AMBIENT TEMPERATURE (*C)
i
Accuracy vs tyg Accuracy vs tgp Accuracy vs t
. 2.0
20 Ve =5V g Yecm SV Veg =5V
Vagr =5V Vagr= SVé Vagr =3V
= Tam25°C - Ta =23 = Tam25°C
g tp = 500 ns g tp =800 as g1 twa =600 ns
- - tao =800 ns > twa =600 ns o tag =600 as
g g §
& 10 e 19 = 1.0
A\ £ S0 'Y ]
= [
= N ] 3
. 05
E % l § R :z: NG
. 0 g 0
400 500 600 700 800 900 300 400 500 800 700 800 900 T 300 400 500 600 700 800 900
twa (ns) tan (s} tp (ng)
Accuracy.vs 'VREF t, Internal Time Delay vs Outout Currentvs
- . [VREF’=VREF(+)‘VREF(—) 7 - Temperature Temperature
20 T p s 20 10 T
. 3 i
o A Veg =5V w V¢c=51ll e
e W=t 2 T 8 — s
g \ g Ve =475V E fsousce Vour = 2.8 -
' € 3 s
§ 10 3 H ~
— o~
E \ S Voo =5.25V 5 ¢
E § 0.5 = NPTy 5 I Vour =089 |
§ —— E s 3
}
- [ T 0 [}
[ | 2 3 s. s LS =100 -56 0 S0 100 10 -100 -50 0 6 10 158
Vagr (V) - Ta—AMBIENT TEMPERATURE (*C) Ta—AMBIENT TEMPERATURE (*C}
*1 LSg~ YREE TUMH/S501-11
r 25
\
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ADC0820

Description of Pin Functions
Pln Name Function

Vin Analog input; range = GND<Vin<Vee
DBo TRI-STATE data output—bit 0 (LSB)
D81 TRI-STATE data output—bit 1
DbB2 TRI-STATE data output—bit 2
D83 TRI-STATE data output—bit 3
WR/RDY WR-RD Mode
WR: with TS low, the conversion is start-
ed on the falling edge of WR. Approxi-
mately 800 ns (the preset internal time
out, t)) after the WH rising edge, the resuit
of the conversion will be strobed into the
output latch, provided that RD does not
oceur prior to this time out {see Figures
Ja and 3b).
RD Mode
RDY: This is an open drain output (no in-
ternal pull-up device). RDY will go low af-
ter the falling edge of CS; RDY will go
TRI-STATE when the result of the conver-
sion is strobed into the output latch. It is
used to simplify the interface to a micro-
processor system (see Figure 2).
Mode: Mode selection input—it is inter-
nally tied to GND through a 50 pA current
source.
RD Mode: When moda is low
. WR-RD Mode: When mode is high
WR-RO Mode
With CS low, the TRI-STATE data outputs
(DB0-DB7) will be activated when RD
goes low (see Figure 4). RD can also be
used to increase the speed of the con-
verter by reading data prior to the preset
internal time out (t, ~800 ns). If this is
done, the data resuit transterred to output
latch is latched after the falling edge of
the RO (ses Figures 3a and 3b).
RD Mode
With TS low, the conversion will start with
RD going low, also AD will enable the
TRI-STATE data outputs at the comple-
tion of the conversion. RDY going TRI-
. STATE and INT going low indicates the
1 completion of the conversion (see Figure

- 2.

1.0 Functional Description

1.1 GENERAL OPERATION

The ADCQ820 uses two 4-bit flash A/D converters to make
an 8-bit measurement (Figure 7). Each flash ADC is made
up ol 15 comparators which compare the unknown input to
a reference ladder to get a 4-bit result. To take a full 8-bit
reading, one flash conversion is done to provide the 4 most
significant data bits (via the MS flash ADC). Driven by the 4
MSBs, an internal DAC recreates an analog approximation
of the input voltage. This analog signal is then subtracted
from the input, and the difference voltage is converted by a
second 4-bit flash ADC (the LS ADC), providing the 4 least
significant bits of the output data word.

O EWN

7 Mode

.

;

Pin Name Function

9 INT

S [

WR-RD Mode . &
INT going low indicates that the Corvey. - &
sion is completed and the data resultiy < 8
the output latch. TNT will go low, ~80g -
(the preset internal time out, t) after the
rising edge of WR (see Figure 3b); or Ty © I,
will go low after the falling edge of A5,y . B
RD goes low prior to the 800 ns time o ¥
(see Figure 3a). INT is reset by the fising * [
edge of RO or TS (see Figures 32 ang . B
3b).
RD Mode !
INT going low indicates that the conver. -
sion is completed and the data resuit is in’
the output latch. INT is reset by the fising ~
edge of RD or TS (see Figure 2). :
10 GND Ground T <
11 Vger(—) The bottom of resistor ladder, voltags ™ §
;E;nget GND<VRer(~)<Vagr(+) (Note - &
12 VRgr(+) The top of resistor ladder, voltage range;
VRer(—)SVaer(+)< Ve (Note 5)

i Fep

22

¥

[’

'

2

13 C8 TS must be low in order for the D or WA
to be recognized by the converter.

14 DB4 TRI-STATE data output—bit 4

15 D85 TRI-STATE data output—bit 5

16 DB6 TRI-STATE data output—bit 6

17 D87 TRI-STATE data output—bit 7 (MSB) '

18 OFL Overflow output—If the analog input is
higher than the Vgeg(+), OFL will be low
at the end of conversion. It can be used to
cascade 2 or more devices to have more
resolution (9, 10-bit). This output is always
active and does not go into TRI-STATE
as DB0-D87 do.

19 NC No connection

20 Vee Power supply voltage

The internal DAC is actually a subsection of the MS {lash*
converter. This is accomplished by using the same resistar
ladder for the A/D as well as for generating the DAC signsL*
The DAC output is actually the tap on the resistor ladder;
which most closely approximates the analog input, in add-*§
tion, the “sampled-data” comparators used in the AD00820_
provide the ability to compare the magnitudes of severiﬁ_
analog signals simultaneousty, without using input summing P 1
amplifiers. This is especially useful in the LS flash ADC»:.‘_ :
where the signal to be converted is an analog difference.
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1.0 Functional Description (Continued)

1.2 THE SAMPLED-DATA COMPARATOR

gach comparator in the ADC0820 consists of a CMOS in-
verter with a capacitively coupled input (Figure 5). Analog
switches connect the two comparator inputs to the input
capacitor (C) and also connect the inverter's input and out-
put. This device in effect now has one differential input pair.

A comparison requires two cycles, ane for zeroing the com-
parator, and another for making the comparison.

In the first cycle, one input switch and the inverter's feed-
back switch (Figure 5a) are closed. In this interval, C is
charged to the connected input (V1) less the inverter's bias
voltage (Vg, approximately 1.2V). In the second cycle (Fig-
we 5b), these two switches are.opened and the other ve)
inout’s switch is closed. The input capacitor now subtracts
its stored voltage from the second input and the difference
is amplified by the inverter’s open loop gain. The inverter's
input (Vg‘) becomes

Vg—(V1-V2)

C
C+Cg
and the output will go high or fow depending on the sign of
Vg'-Vg.
vi
¢

2 —o/ :’
i

TL/H/S501-12
*Vo= Vg
*VonC = Vi-vy
¢ Cg = stray lnput
node capacitor
* Vg = inverter input
bias voitage

FIGURE 5a. Zeroing Phase

The actual circuitry used in the ADC0820 is a simple but
important expansion of the basic comparator described
above. By adding a second capacitor and another set of
switches to the input (Figure 6), the scheme can be expand-
ed to make dual differential comparisons. In this circuit, the
feedback switch and one input switch on each capacitor (Z
switches) are closed in the zeroing cycle. A comparison is
then made by connecting the second input on each capaci-
tor and opening all of the other switches (S switches). The
change in voltage at the inverter's input, as a result of the
change in charge on each input capacitor, will now depend
on both input signal differences.

1.3 ARCHITECTURE

In the ADC0820, one bank of 15 comparators is used in
each 4.bit flash A/D converter (Figure 7). The MS (most
significant) flash ADC also has one additional comparator to
detect input overrange. These two sets of comparators op-
erate alternately, with one group in its zeroing cycle while

the other is comparing.
i (:1-
Yo

j L

TL'HIS801-13

[+

Vg'-Vg = (vz—vr)c*_cs

Vo' = E% [cva-cvi)

Vg’ is dependent on V2-V1

FIGURE 5b, Compare Phase

FIGURE 5. Sampled-Data Comparator

R LADOER
vy ¢

1 4
. H
s 2]
z Vo
"“f:‘,';—o/ €2 es .
172158 —o} I

va)

=A
Vo= m (CI(VZ-VI)“'-CZ(V‘—VS)I

=A
T Eivcarcy A0+ 40l

TL/H/S501 =14

FIGURE 6. ADC0820 Comparator (from MS Flash ADC)

o
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Detailed Block Diagram
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rmmctional Description (continueq)

when a typical conversion is started, the WK line is brought
Jow. At this instant the MS comparators go from zeroing to
comparison mode {Figure 8). When WR is returned high af-
ter at least 600 ns, the output from the first set of compara-
tors {the first flash) is decoded and latched. At this point the
two 4-bit converters change modes and the LS (least signifi-
cant) flash ADC enters its compare cycle. No less than 600
ns later, the BD line may be pulled low to latch the lower 4
data bits and finish the 8-bit conversion. When BD goes low,
the flash A/Ds change state once again in preparation for
the next conversion. .

Figure 8 also outlines how the converter's interface timl‘ﬁ@
relates to its analog input (Vin). In WR-RD mode, Vi is
measured while WR is low. In RD mode, sampling occurs
during the first 800 ns of RD. Because of the input connec-
tions to the ADC0820's LS and MS comparators, the con-
verter has the ability to sample Vjy at one instant (Section
2.4), despite the fact that two separate 4-bit conversions are
being done. More specifically, when WR is low the MS flash
is in compare mode (connected to Vin), and the LS flash is
in zero mode (also connected to Vin). Therefore both flash
ADCs sample Vi at the same time.

1.4 DIGITAL INTERFACE

The ADC0820 has two basic interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converter is set to Read
mods. In this configuration, & complete conversion is done
by pulling RD low untit output data appears. An INT line is
provided which goes low at the end of the conversion as
well as a RDY output which can be used to signal a proces-
sor that the converter is busy or can also serve as a system
Transfer Acknowledge signal,

RO Mode (Pin 7 is Low)

080-087 = — = e e e e D-;_-_.._-

TL/H/5501~16

When in RD mode, the comparator phases are internally
liggered, At the faliing edge of BD, the MS flash converter
90es from zero to compare mode and the LS ADC's com-
Parators enter their zero cycle. After 800 ns, data from the
MS flash is latched and the LS flash ADC enters compare
Mode. Following another 800 ns, the lower 4 bits are recov-
ered, :

WR then RD Mode

With the MODE pin tied high, the A/D will be set up for the
WR-RD mode. Here, a conversion is started with the WR
input; however, there are two options Tor reading the output
data which relate to interface timing. If an interrupt driven
scheme is desired, the user can wait for INT to go low be-
fore reading the conversion result (Figure 8). INT will typi-
cally go low 800 ns after WH's rising edge. However, if a
shorter conversion time is desired, the processor need not
wait for INT and can exercise a read after only 800 ns (Fig-
ure A). If this is done, INT will immediately go low and data
will appear at the outputs,

m_.,.,..._...._....._D___._

TUL/H/5501-17
FIGURE A. WR-RD Mode (Pin 7 Is High and tgp <t;)

TL/H/5501-18
FIGURE B. WR-RD Mode (Pin 7 is High and tgp>t;)
Stand-Alone

For stand-alone dperation in WR-RD mode, T3 and RD can
be tied low and a conversion can be started with WH. Data
will be valid approximately 800 ns following WA's rising
edge.

WR-RD Mode (Pin 7 is High) Stand-Alone Operation

T ow

RO Low

D S G =

TUH/S501-19
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ADCO0820

1.0 Functional Description (continueq)

* MS COMPARATORS 2EAD
TO REFERENCE LADDER.
¢ LS COMPARATORS FLOAT.

© MS COMPARATORS COMPARE
Vin 7O THEIR REFERENCE
LABCER TAP. THE COMPARATOR
OUTPULS DIGITALLY TRACK
Vin-Vurgoen tap

¢ LS COMPARATORS ZERC TO
Vin. THE COMPARATOR'S
INPUT CAPACITORS TRACK Viy.

-

Note: MS means most significant
LS means least significant

FIGURE 8. Operating Sequence (WR-RD Mode)

OTHER INTERFACE CONSIDERATIONS

In order to maintain conversion accuracy, WR has a maxi-
mum width spec of 50 ps. When the MS flash ADC's sam-
pled-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 6) must
hold their charge. Switch leakage and inverter bias current
can cause errors if the comparator is left in this phase for
too fong.

Since the MS flash ADC enters its zeroing phase at the end
of a conversion (Section 1.3), a new conversion cannot be
started until this phase is complete. The minimum spec for
this time (tp, Figures 2, 3a, 3b, and 4) is 500 ns.

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Vger inputs of the ADC0820 are fully differential
and define the zero to full-scale input range of the A to D
converter. This allows the designer to easily vary the span
of the analog input since this range will be equivalent to the
voltage difference between Vin(+) and Vin(~-). By reducing
VRer(VRer = VRer(+) ~VRee(-)) to less than 5V, the sen-
sitivity of the converter can be increased (i.e., if Veer=2V
then 1 LSB=7.8 mV). The input/reference arrangement
also facilitates ratiometric operation and in many cases the
chip power supply can be used for transducer power as well
as the Vrer source. >

This reference flexibility lets the input span not only be var-
ied but also offset from zero. The voltage at Vpgr(—) sets
-the input level which produces a digital output of all zeroes.
Though Viy is not itself ditferential, the reference dasign
affords nearly ditferential-input capability for most measure-
ment applications. Figure 9 shows some of the configura-
tions that are possible.

H 300 a3 |

* LS COMPARATOR OUTPUTS
ARE LATCHED AND CAN
BE READ.

* MS COMPARATOR OUTPUTS
ARE LATCHED. THE MS
BAC IS SET. THE MS

COMPARATOR FLOATS, ¢ MS COMPARATOAS RETURN
0 L T0 ZERQ MODE.
* LS COMPARATORS COMPARE
LS8 SECTION OF REFERENCE
LADOER.

TUH/SS01.29

2.2 INPUT CURRENT

Oue to the unique conversion techniques employed by the
ADCO0820, the analog input behaves somewhat differently
than in conventional devices. The A/D's sampled-data com-
parators take varying amounts of input current depending
on which cycle the conversion is in.

The equivalent input circuit of the ADC0820 is shown in
Figurg 10a. When a conversion starts (WR low, WR-RO
mode), all input switches close, connecting V| to thirty-one
1 pF capacitors. Although the two 4-bit flash circuits are not
both in their compare cycle at the same time, Vjy still sees
all input capacitors at once. This is because the MS flash
converter is connected to the input during its compare inter-
val and the LS flash is connected to the input during its
zeroing phase (Section 1.3). In other words, the LS ADC
uses Vy as its zero-phase input.

The input capacitors must charge to the input voltage
through the on resistance of the analog switches (about 5 §:
kQ to 10 kf2). in addition, about 12 pF of input stray capack
tance must also be charged. For large source resistances,
the analog input can be modeled, as an RC network as
shown in Figure 10b. As Rg increases, it will take longer tor
the input capacitance to charge. '

In RD mode, the input switches are closed for approximatsly
800 ns at the start of the conversion. In WR-RD mods, the
time that the switches are closed to allow this charging Is
the time that WH is low. Since other factors force this time
to be at least 600 ns, input time constants of 100 ns can be
accommodated without special consideration. Typical total
input capacitance values of 45 pF allow Rg to be 1.5 kAi:
without lengthening WR to give Viy more time to settle.

. A
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2.0 Analog Considerations (Continued)

23 INPUT FILTERING

It should be made clear that transients in the analog input
signal, caused by charging current flowing into Vi, will not
degrade the A/D's performance in most cases. In effect the
ADC0820 does not “look” at the input when these tran-
“ dents occur. The comparators’ outputs are not latched
while WH is low, so at least 600 ns will be provided to
charge the ADC's input capacitance. It is therefore not nec-
fssary to filter out these transients by putting an external
p on the V) terminal.

L4 INHERENT SAMPLE-HOLD

Another benefit of the ADC0820's input mechanism s its
bility to measure a variety of high speed signals without the
help of an external sample-and-hold. In a conventional SAR
Yype converter, regardless of its speed, the input must re-
main at least %, LS8 stable throughout the conversion pro-
<ess if full accuracy is to ba maintained. Consequently, for
Many high speed signals, this signal must be externally
$ampled, and,held stationary during the conversion.

-”-

External Reference 2.5V Full-Scale Power Supply as Reference Input Not Referred to GND
Vin (+) LE Vi [ 4 ) ot IN 4 Vin {4} ===t N
Vm(-)T GND le-)—r- N0 [ e

- = o
L) REF{ +) §V et NEF( «} SV —AAA- REF(+)
LM3es-2.8 sz s 4
REF(-} REF(-) Vin (-] REF{~)
R L s
TL/H/S501-21 TLHIS501-22 Y
£
* Current path must
atlit exist trom Vipn{ =)
to ground
TL/H/5501-23
FIGURE 9. Analog Input Options .~
Oy
= g __: [
Rg fan >(
Vin =——AAA g :I-l
ToLS8__ )( LEE
R-LADOER . 15F .
o ] L) 3%
. = in
15 LS8 COMPARATORS o ¢
3
o st T 320F
Ron >/ = =
¥ ; s -
TL/H/S501-25
Touss__ )( 19F
A-LADOER . 19F
L]
L
16 MS8 COMPARATOARS
. TUH/8801-24
FIGURE 10a FIGURE 10b

Sampled-data comparators, by nature of their input switch-
ing, already accomplish this function to a large degree (Sec-
tion 1.2). Although the conversion time for the ADC0820 is
1.5 ps, the time through which Vi must be 172 LS8 stable
is much smaller. Since the MS flash ADC uses Vjy as its
“compare” input and the LS ADC uses Vy as its “zero”
input, the ADC0820 only “samples” Vi when WR is low
(Sections 1.3 and 2.2). Even though the two flashes are not
done simultaneously, the analog signal is measured at one
instant. The value of Viy approximately 100 ns after the
rising edge of WR (100 ns due to internal logic prop delay)
will be the mseasured value.

Input signals with slew rates typically below 100 mV/us can
be converted without error. However, because of the input
time constants, and charge injection through the opened
comparator input switches, faster signals may cause errors.
Still, the ADC0820’s loss in accuracy for a given increase in
signal slops is far less than what would be witnessed in a
conventional successive approximation device. An SAR
type converter with & conversion time as fast as 1 s would
still not be able to measure a 5V 1 kHz sine wave without
the aid of an external sample-and-hoid. The ADC0820, with
no such help, can typically measure 5V, 7 kHz waveforms.

RS
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ADCO0820

3.0 Typical Applications
8-Bit Resolution Configuration
r— v
bl e
Syl 0.1,f a7 F
- T T .
3 Ef' = =
+ ] , = =
—2Jos0 MOOE
+ : LL]] L L =
ate—rq0s2 "
Yo |: o081 Vi) s
<+ 084 l
‘—:: 95 e I bt
08 [ .
< 5 = =
NETRE i w =
-t 7L GND .——-L
TL/M/5501~26
9-Bit Resolution Configuration
FL?T ': 4§ Yeo v:—“-sv
p w Yo Y
Do ——— "
e o wone fo o :
3 (L1 Yaer b
i : : s ‘Lou‘
1 o I
(1} [1] 1) =
08 Vaus -
M KLY by A1
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u Sn| T
o L P L 4
= Hi'h
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' ] b I
: 9% NOOE "—!V
‘ ::: Yoot o) ]
. o
. " ::: _Lu.l
13 n
M3 ::: Yoot ~) T N
(13 g =TT
13 ::; ox0 10
x 1—: 4 TU/H/5501-27
Telecom A/D Converter Multiple Input Channels
K w_ em o
VWA ot
150% ‘L'
18 ——AAA g 100
o s (V213 ! Vin 144 15% 17409 :, 0
wwd wre ¢
* = CH 1 1
- "’*j ™ 13
™ Wi . ™ N8y _18y = (4 ol
v 28 wHe e =
2 SAMPLE MATE .
vee w 1o wil
a a.01 40C0820 T3S
Moo bt np-
T4 -
= . accosz0
. . ] 0 ]
L O s ayn it L
08012 087 g "
LI A { X TatsL WUt }Lm) (21
MOOE CHAnnRS =3 L 0801 o87
® Vin=3 kHz max + 4Vp = 7 )
* No track-and-hold needed unu"“"
* Low powaer consumption = TL/H/5501-28 1
- TUMH/5501-29
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3.0 Typical Applications (continued)

8-Bit 2-Quadrant Analog Multtiplier

JLr

=Xy
T -

TL/H/5501-30

Xin 434 Yix
{0V 10 5v) 400 kH2 (=10V 10 +10v)
1 [6 2 |t
LS8
LLT P 2 ! acno
L) P 3 3 cano |2
{10 : $ xren fL
1 s 4 1
L Vaget - ) cs
= A0C0820 0AC0830
= 1 16 1
15v WK
W 15 13 | = -
LM340-5.0LAZ vee
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= 20 16 14 19
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w1 17 MSB 13 ]
ove sy~ | Viert+) ke
12 1
15v
= Your =
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¥ Y lor
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3.0 Typical Applications (Continued)
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ordering Information

Total Temperature
Part Number Unadjusted Error Package Range
ADC0820BCY V20A—Molded Chip 0°Cto +70°C
Carrier -
ADCO0820BCWM +% LS8 M208—Wide Body Small | 0°Cto +70°C
Outline
ADC08208CN N20A—Molded DIP 0°Cto +70°C
ADC0820CCJ J20A—Cerdip —-40°Cto +85°C
ADC0820CCMSA MSA20~ Shrink Small 0°Cto +70°C
Outline
Package
ADCOo820CCV +1LS8 V20A—Molded Chip 0°Cto +70°C
Carrier
ADC0820CCWM M20B—Wide Body Small | 0°Cto +70°C
. S QOutline N
| ADC0820CIWM M208—Wide Body Small | —40*Cto +85°C
. Qutline
ADCO0820CCN N20A—Molded DIP 0°Cto +70°C
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ASTABLE MULTIVIBRATOR

2)

OPEN (5)
(Ses Nota A)

Vvee 5Vt 15 V)

OQUTPUT

b
(4)] (8} Ay RA
RESET  Vce
()
ouTPUT
TRIGGER
SES55/NESSS
piscHaRGe fZL
Rg
CONTROL .
VOLTAGE  THRESMOLD
GND 7Ec
)
+ +

NOTE A: Decoupling the control voitage Input (pin S} to

ground with a cspacitor may Improve operstion,
This should be svslusted for individual spplications,

Fig. 58-2

The capacitor C will charge through Ra and Rs, and then discharge through Rs only.

{—Free-Running Frequency—Hz

Voltage= | Vidw

_.{ " o CUTPUT YOLTAGE

AL

VITVTY Y

100 k

0.1
0.001

0.01 01 i 10 100
C-Capacitance—-uF

Circuit Notes

The duty cyclée may be controlled by the values of Ra and Rs.
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