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PERENCANAAN DAN PEMBUATAN ALAT UKUR

KWH METER DIGITAL
UNIKA WIDYA MANDALA

SURABAYA

PA EQU  4000H

PB EQU 4001H

PC EQU  4002H

PCW  EQU 40034

CW EQU 80H

COUNT EQU 08H

TEMP1 EQU 09H

TEMP?2 EQU 0AH

TEMP3 EQU 0BH

TEMP4 EQU OCH

IN1 EQU ODH

N2 EQU OEH

IN3 EQU OFH

N4 EQU 10H

VARG EQU 11H -VARIABEL 64 BIT

VAR7 EQU 12H

VARS EQU 13H

VARY EQU 14H

VARIO EQU 15H

VARI1  EQU 16H

VARI2 EQU 17H -MSB 64 BIT

VARI EQU 18H ‘1.SB 32 BIT

VAR2 EQU 19H

VAR3 EQU 1AH

VAR4 EQU 1BH :MSB 32 BIT

VARS DATA 21H -LSB 64 BIT

WATT]  EQU ICH

WATT2 EQU 1DH

WATT3 EQU IEH

WATT4 EQU IFH

KWHI EQU 30H

KWH?2 EQU 31H

KWH3 EQU 32H

KWH4 EQU 33H

UANGl  EQU 34H

UANG2 EQU 35H

UANG3  EQU 36H

UANG4 EQU 37H

WAKTUlI EQU 38H



WAKTU2 EQU 39H
CURSOR EQU 3AH
ORG 2000H
START AJMP

ORG

; INTERUPT TIMERO

AJMP

ORG

; ROUTINE TIMERO

TIMEROD DINZ
MOV
DINZ
MOV
INC

ESCTRO RETI

*

DELAY

kd

DELAY
DEL1

MOV
MOV
DINZ
DINZ
RET

b

DELAY LCD

s

MOV
MOV
DJNZ
DINZ
RET

DEL_LCD
DEL2

; INISIALISASI

INIT MOV

MULAI

200BH

TIMERO

2100H

R4,ESCTRO
R4,#48
RS5,ESCTRO
RS #100
WAKTUI

R7#0FFH
R6 #0FFH
R6.$
R7,DEL1

R7.#1
R6,#250
R6.$
R7.DEL2

WATT1,#0



ENABLE

mode?2

BR=9600 Bps

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV
MOV

SETB
RET

2

; SUBROUTINE LCD

SUB LCD

MOV

WATT2,#0
WATT3,40
WATT4,#0
KWH1 #0
KWH2,#0
KWH3 40
KWH4. 40
UANG1,40
UANG?2,#0
UANG3 #0
UANG4,#0
R4.#48

RS, #40

IE #82H

TMOD,#02H
TLO#64
THO,#64
WAKTU2#0
WAKTU1,#0

TMOD #00100010B

TL1,#0FAH

TH1,#0FAH

TCON,#01000000B
SCON,#01010600B

PCON #80H

TRO

DPTR, #PA

MOVX @DPTR,A

MOV
MOV

AH#02H
DPTR #PC

MOVX @DPTR,A
ACALL DEL LCD
AHO .ENABLE LOW
MOVX @DPTR,A

MOV

RET

;INTERUPT TIMERO

;TIMERO MODE 2

;T1 mode2, TO
;T1 mode2 generate
:T1 on, TO off

;Model REN
;SMOD=0

:ENABLE HIGH



; LCD

LCD MOV A#3FH  RESETLCD
ACALL SUB_LCD
MOV A#0CH  ;DISPLAY ON/OFF
ACALL SUB LCD
MOV A#06H  ;DATAENTRY
ACALL SUB_LCD
MOV A#01H  :DISPLAY CLEAR
ACALL SUB LCD
MOV A#80H  ;DISPLAY LINEI (LINE2=CO);
ACALL SUB LCD
RET

3

; PEMBAGIAN

BAGI MOV ARO
PUSH A
MOV ARI
PUSH A
MOV AR2
PUSH A
MOV IN1,VARI
MOV IN2,VAR2
MOV  IN3,VAR3
MOV  IN4,VAR4
MOV VAR1 40
MOV VAR2#0
MOV VAR3#0
MOV VAR4 #0
MOV  COUNT,#64
BAGII CLR C
MOV  A,VAR5 -GESER LSB 64 BIT
RLC A
MOV  VARS,A
MOV  RO#11H :ALAMAT VARG
MOV  R2#11
SHIFT MOV  A,@RO .GESER KIRI
RLC A
MOV @RO,A
INC RO
DJNZ R2,SHIFT
MOV  TEMPI,VARI
MOV TEMP2,VAR2



KURANG

NEGATIVE

CLEAR_VARBITO

CEKCOUNTER

MOV TEMP3,VAR3
MOV TEMP4 VAR4

CLR C ;PENGURANGAN

MOV  RO#18H
MOV R1#0DH
MOV  R2#4

MOV  A,@RO

SUBB A,@R1

MOV  @RO,A

INC RO

INC RI

DINZ R2,KURANG
JC CLEAR VARBITO

SETB VARS.0
AJMP CEKCOUNTER
MOV  VARI,TEMPI
MOV  VAR2,TEMP2
MOV  VAR3,TEMP3
MOV  VAR4,TEMP4
DINZ COUNT,BAGII
POP A

MOV R2,A

POP A

MOV  RLA

POP A

MOV  RO,A

RET

]

; PERKALIAN

KALI MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

KALII CLR

IN1,VARI1
IN2,VAR2
IN3,VAR3
IN4,VAR4
VAR9 #0
VAR10,#0
VAR11,#0
VARI12,#0
VAR1,#0
VAR2,#0
VAR3#0
VARA4 40
COUNT,#32
C

:CEK APAKAH RESULT



JNB  VARS5.0,PASS2 ;APAKAH Q0 =0?
MOV RO#18H
MOV  RI#0DH
MOV R2#4
TAMBAH MOV  A,@RO
ADDC A,@RI
MOV  @R0O,A
INC RO
INC Rl
DINZ R2,TAMBAH
PASS2 MOV RO#1BH ;ALAMAT VARG
MOV  R2#4
SHIFTRI ~ MOV A,@RO :GESER KANAN
RRC A
MOV  @RO,A
DEC RO
DINZ R2,SHIFTRI
MOV  RO#13H
MOV R2#3
SHIFTRZ MOV A,@RO
RRC A
MOV  @RO,A
DEC RO
DINZ R2,SHIFTR2
MOV A VARS .GESER LSB 64 BIT
RRC A
MOV  VARS5.A
DINZ COUNT,KALII :APAKAH COUNTER =0 ?
MOV  VARI2,VAR4
MOV  VAR11,VAR3
MOV  VARI10,VAR2
MOV  VAR9,VARI
RET

; PENJUMLAHAN

SUM CLR C .PENJUMLAHAN
MOV A,VARS
ADDC A,VARI
MOV  VARS5A
MOV RO#11H
MOV  RI#I9H
MOV  R2#3
JUMLAH MOV A@RO
ADDC A,@RI



MOV  @RO,A
INC RO
INC Rl
DINZ R2,JUMLAH
JNC ESC_SUM
INC VAR9

ESC SUM RET

: PENGURANGAN

SUB CLR C ;PENGURANGAN
MOV  A,VARS
SUBB A,VARI
MOV  VARS.A
MOV  RO#11H
MOV  R1#19H
MOV R2,#3

POTONG MOV A,@RO
SUBB A,@R1
MOV @RO,A
INC RO
INC Rl
DINZ R2,POTONG
JNC ESC_SUB
DEC VARY

ESC SUB  RET

>

; ENABLE DISPLAY

ENA DIS MOV DPTR#PA
MOVX @DPTR,A
MOV  A#03H
MOV DPTR#PC
MOVX @DPTR,A
ACALL DEL LCD
MOV A#0
MOV DPTR#PC
MOVX @DPTR.A
RET



s

o

DISPLAY KWH

DISP KWH MOV R3,#9 ;9 CHAR

DISP1

DISP2

DISP3

DISP4

MOV CURSOR#15

MOV R2,CURSOR  :POINTER CURSOR
DEC CURSOR

MOV A#80H  :POINTER MULA-MULA BARISI
ACALL SUB LCD

ACALL SUB _LCD

MOV  A#14H :CURSOR BERGESER
ACALL SUB_LCD

DINZ R2DISP2

CINE R3,#6,DISP3

MOV  A#EH

AIMP DISP4

MOV  VAR14#10

MOV VAR2#0

MOV VAR3#0

MOV  VAR4,#0

ACALL BAGI

MOV  A#30H

ORL A,VARI -TAMPILKAN SISA DIV 10
ACALL ENA DIS

DINZ R3,DISPI

RET

>

b

DISPLAY BIAYA

:DISPaBIAYA MOV  R3#9 ;9 KARAKTER

DISPS

DISP6

DISP7

MOV CURSOR.#15

MOV R2,CURSOR  :POINTER CURSOR
DEC CURSOR

MOV A#0COH  ;POINTER MULA-MULA BARIS 2
ACALL SUB_LCD

ACALL SUB LCD

MOV A#14H  ;CURSOR BERGESER
ACALL SUB_LCD

DINZ R2,DISP6

CINE R3,#7,DISP7

MOV  A#2EH

AJMP DISP8

MOV VARI#10

MOV VAR2#0

MOV VAR3#0



MOV  VAR4#0

ACALL BAGI

MOV A #30H

ORL A,VARI1 ;TAMPILKAN SISA DIV 10
DISP8 ACALL ENA DIS

DJNZ R3,DISP5

RET

3

; SUBROUTINE STRING

SUB_STR MOV A #03 :R/S OFF

MOV  DPTR,#PC

MOVX @DPTR,A

MOV  A,@RO

MOV DPTR#PA

MOVX @DPTR,A
ACALL DEL LCD

MOV  A#0H :R/S ON
MOV DPTR#PC

MOVX @DPTR,A
ACALL DEL _LCD

INC RO
DINZ R2,SUB_STR
RET

2

; TULISAN 'KWH :'& BIAYA '

STRING MOV  A#0 :CONTROL LCD = 0
MOV DPTR#PC
MOVX @DPTR,A
ACALL DEL _LCD
MOV VAR6#4BH (K}
MOV  VARZHSTH (W}
MOV VARS8 #48H  ;{H}
MOV  VAR9#0H  :{)
MOV  VARIO#20H ;{}
MOV VARIL#3AH {3}
MOV RO#11H
MOV  R2#6
ACALL SUB_STR
MOV A#0COH  :DISPLAY BARIS2
ACALL SUB_LCD
MOV  VAR6#43H  {C}
MOV VAR7H#4FH {0}



MOV  VARS#53H
MOV  VAR9#54H
MOV  VAR10#20H
MOV  VARI1#3AH
MOV RO#11H
MOV  R2.#6
ACALL SUB_STR
RET

2

; AKTIFKAN ALU 4 BYTE

ALU4BYTE MOV VAR9#0

MOV  VARI0,#0
MOV  VAR11,#0
MOV  VARI2#0
RET

2

;. PERHITUNGAN KWH METER

HITWATT

ESCHIT

MOV VAR5 PI
MOV VARG #0
MOV VAR7#0
MOV  VARS8#0
ACALL ALU4BYTE
MOV VAR1#51
MOV  VAR2#0
MOV  VAR3#0
MOV  VAR4#0
ACALL KALI

MOV VAR1,WATTI
MOV VAR2,WATT2
MOV  VAR3,WATT3
MOV VAR4,WATT4
ACALL SUM

MOV WATTI,VARS
MOV  WATT2,VAR6
MOV  WATT3,VAR7
MOV  WATT4,VARS
RET

A4S}
AT}
A

.t



" PERHITUNGAN KWH METER & UANG

HITKWH

MOV VAR5 WATTI
MOV VARG WATT2
MOV  VAR7,WATT3
MOV VARS8 WATT4
MOV  VARI1 #36
MOV  VAR2.#0
MOV VAR3 #0
MOV  VAR4 #0
ACALL ALU4BYTE
ACALL BAGI

MOV  VAR1#232
MOV VAR2#3
MOV VAR3#0
MOV  VAR4 #0
ACALL ALU4BYTE
ACALL BAGI

MOV WATTI,VARI
MOV  WATT2,VAR2
MOV  WATT3,VAR3
MOV WATT4,VAR4
MOV VAR KWHI
MOV  VAR2,KWH2
MOV  VAR3,KWH3
MOV  VAR4 KWH4
ACALL SUM

MOV KWH1,VARS
MOV KWH2,VAR6
MOV  KWH3,VAR7
MOV  KWH4,VARS
MOV  VAR1#9
MOV VAR2.#0
MOV VAR3 #0
MOV VARA4 #0
ACALL KALI

MOV  UANGI1,VARS
MOV UANG2,VAR6
MOV  UANG3,VAR7
MOV UANG4,VARS
RET

;DIBAGI 36

;DIBAGI 1000



>

; TRANSMISI

TRANSMISI MOV RO#30H

TRANSI1

MOV R2,#8
MOV A#128
JNB TL$

CLR TI

MOV A,@RO
JNB TL$

CLR TI

DINZ R2,TRANSI
RET

2

; MAIN PROGRAM

MULAI

CEKDETIK

CEK

DISPLAY

MOV  SP#40H
ACALL DELAY

MOV DPTR,#PCW
MOV  A#CW

MOVX @DPTR,A
ACALL LCD

ACALL STRING
ACALL INIT

MOV A WAKTUI
CINE A WAKTU2,CEK
AIMP DISPLAY
ACALL HITWATT
MOV WAKTU2,WAKTUI1
MOV  A,WAKTUI1
MOV B#36

DIV AB

MOV WAKTU1,B
MOV WAKTU2,WAKTU1
INB ACC.0,DISPLAY
ACALL HITKWH
MOV VARSKWHI
MOV VARG KWH2
MOV VAR7,KWH3
MOV VARS8, KWH4
ACALL DISP KWH
MOV  VARS5,UANGI
MOV  VAR6,UANG2
MOV  VAR7,UANG3
MOV  VARS,UANG4

;CEK PERUBAHAN DETIK

;APAKAH WAKTU1 =367



MOV A #0COH :BARIS 2
ACALL SUB_LCD

ACALL DISP BIAYA

JB  P32,CEKDETIK

ACALL TRANSMISI

AIMP CEKDETIK

O



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

National
Semiconductor
Corporation

/o

ADC0801, ADC0802, ADC0803, ADC0804,
ADCO0805 8-Bit uP Compatible A/D Converters

General Description

The ADCOB0Y, ADC0802, ADCO0803, ADC0804 and
ADCOBO5 are CMQOS B-bit successive approximation A/D
converters that use a differentiai potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
ractly driving the data bus. These A/Ds appear like memory
locations ot I/Q ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the anaiog zero input
voltage value. In addition, the voltage refarence input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Features

u Differential annlog voltags inputs

" Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

¥ Works with 2.5V (LM336) voltage reference

m On-chip clock generator

m 0V 1o 5V analog input voltage range with single 5V
supply

» No zero adjutl required

| 0.3" standard width 20-pin DIP package

B 20-pin molded chip carrier or small outling nackage

B COperates ratic.netrically or with 8§ Vpg, 2.5 Vpe, or ana-
log span adjusted voltage reference

Key Specifications

® Hasolution 8 bits
w Compatible with 8080 uP dorivalives—no interfacing ' 10t@l error % LSB, £, LSB and +1LSB
logic needed - access time - 135 ns 8 Conversion time 100 ps
m Easy interface 10 all microprocessors, or opertates
"stand alone"
Typical Applications
W
QI e PR |
l— anal?
———-—D’O Wk s 18 TRARSDUCER
q——-—-—'-"P T cLrin 1 L | taur wesoLumon
[1H] L OVER ANY DESIAED
ANY Sle ou PR [ i Te 3::%2:2'1?:&
LPROCESSOR ] § fo :: 0 P g—— SEE SECTION 244
+— [T Vigi-}
-+ :: 083 AGRD L
oRl [ SPAN ADY
1 o VREFT O SEE SECTION = -
L 1 a0 o GND :';7:4“‘
TL/R/SE71-1
8080 Interface Error Specification {Includes Full-Scale,
Zero Error, and Non-Linearity)
e -
N Part ::;'m VRer/2=2.500 Vpc | Vier/2 = No Connection
f———s.0) Number {No Adjustments) (No Adjustments)
_— Adjusted
] " ADCO801 | £, LSB
04,
ere. SPS—— ) ADCD802 114 LSB
_ ADC0803 | +'%4 LSB
ADC0804 +1188
ADC0805 +1LSB
TL/R/B6T1-2Y

3-i6




e Maximum Ratings

\erospace specifled devices are required,
Semiconductor Sales Office/

p National

{Notes 1 & 2)

Storage Temperature Range

—65°Ctc +150°C

Package Dissipation at T4 =25°C 875 mW
 for avallabliity and specifications. ESD Susceptibility (Note 10) 800V
ge (V) (Note 3) 6.5v
irol Inputs —0.3Vio 418V Operating Ratings (votes 1 22) _
put and Outputs —~0.3V to (Voo +0.3V) Temperature Range  TminSTa<Tmax
(Soldering, 10 seconds) ADCO0801/02LJ —55'C<Ta< +125'C
19 Package (plastic) 260°C ADCO0B01/02/03/04LCJ —40°C<Tps +85°C
'@ Package (ceramic) 300°C ADC0801/02/03/05LCN —40°C<T, < +85C
ount Package ADC0B04LCN 0'C<Tps +70°C
hase {60-seconds) 215°C ADC0802/03/04L.CV 0°C<Tp<+T70°C
(15 seconds) 220°C ADC0802/03/04LCWM C'CxTa< +70°C

Range of Vo 4.5 Vpg to 8.3 Vpg

al Characteristics

g specifications apply for Voo =15 Vpe. TMinSTa<Tmax and fo k=840 kHz unless otherwise specified.

Parameter Conditlons Min Typ Max Units
otal Adjusted Error (Note 8) with Full-Scale Adj.

(See Section 2.5.2) % LS8
otal Unadjusted Error (Note 8) VReF/2=2.500 Vpe £+, LSB
>tal Adjusted Error {Note 8) With Full-Scals Adj.

(See Section 2.5.2) % LS8
Mal Unadjusted Error (Note 8) VREF/2=2.500 Vpg 1 LSB
tal Unadjusted Error (Note 8) Vrer/ 2-No Connection 11 LSB
t Resistancs (Pin 9) ADC0801/02/03/05 25 8.0 xQ

ADC0804 {Note 9) 0.75 1.1 kfl

Voltage Range (Nota 4) V(+)or W(—) Gnd-0.05 Ve +0.05 Voc
-Mods Error Over Analog Input Voitage 1 Ve % LSB

Range
¢ Sensitivity Vee=5VYpc £10% QOver Ve 14 LSB

Allowed Vin(+) and Vin(—}

Voltage Range (Note 4)
itrical Characteristics
} specifications apply for Voo=5 Vpg and T4 =25C unless otherwise specified.

Parameter Conditions Min | Typ Max Units
Conversion Time foLk = 640 kHz (Note 6) 103 114 1S
Conversion Time (Nota 5, 6) 66 73 1oLk
Clock Frequency Vee =5V, (Note 5) 100 640 1460 Kz
Clock Duty Cycle (Note 5) 40 60 %
Conversion Rate in Free-Running TNTR tied to WR with 8770 9708 conv/s
Mode T8 =0Vpe, Ik =640 kHz
Width of WA Input (Start Pulse Width) CS=0Vpe (Note 7) 100 ns
Access Tima (Delay from Falling C_=100pF 135 200 ns
Edge of AD to Output Data Valid)
TRI-STATE Control (Delay C_ =10pF, R =10k 125 200 ns
trom Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
Delay from Falling Edge 300 450 ns
of WE or D to Reset of INTR
Input Capacitance of Logic 5 75 pF
Control inputs
TRI-STATE Output 5 75 pF
Capacitance {Data Buffers)
IPUTS [Note:; CLK IN (Pin 4) is the input of a Schmitt trigger circuit and i3 therefore spacified separately]
Logical “1" input Voltage Vee=5.25Vpe 20 15 Voc
(Except Pin 4 CLK IN)

S0802QV/$0802aY/€08004QY/208000AV/108000V
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (Continvea)
The following specifications apply for Vog = 5Vpg and Ty € Ta < Tax, unless otherwise specified.

Symbol l Parameter l Conditions I Min l Typ l Max I Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmit trigger circuit and is therefore specified separately]

Vin(Q) Logical 0" input Voltage Veo=4.75Vpe 0.8 Voo

“(Excepl Pin 4 CLK IN}

N (%) Logical 1" input Current ViN=5VDpe 0.005 1 rApg
(All inputs)

N §0) Logical ‘0" Input Current ViN=0Vpc -1 —0.005 HADC
(Al Inputs)

CLOCK INAND CLOCK R ;

V1+ CLK IN (Pin 4} Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage

V- CLK IN {Pin 4) Negative 1.5 1.8 21 Voe
Going Threshold Voltage

Vi CLK IN (Pin 4) Hysteresis 0.8 13 20 Vo
(VT+)=(¥r-)

Vour (0) Logical “0" CLK R Qutput lg =360 nA 0.4 Voc
Voltage Vec=4.75Vpe

Vout (1) Logical “1" CLK R Output lo= —360 pA 2.4 Voo
Voltage Vec=4.75Vpe

DATA OUTPUTS AND INTR

Vout (@) Logical "0" Output Voltage

Data Outputs lout=1.6mA, Vgc=4.75 V¢ 0.4 Voo

INTR Output lour=1.0mA, Vcc=4.75 Vpc 0.4 Voc
Vour (1) Logical “1'" Output Voltage ‘o= =360 uA, Vec=4.75Vpe 2.4 Voo
Voyr (1) Logical 1" QOuiput Vollage lo=—10 pA, Ve =4.75 Vpg 4.5 Yoo
lour TRI-STATE Disabled Output Vout =9 Vpe -3 pADC

Leakage (All Data Bulfers) Voutr=5Vpe 3 RADG
ISOURCE Vour Short to Gna, Ty =25'C 4.5 6 mMApG
5Nk Vour Short to Vee, Ta=25'C 9.0 16 mApe
POWER SUPPLY
lec Supply Current {Includes fcuk = 640 kHz,

Ladder Current) VRee/2=NC, T =25'C

and C5=5v
ADCO0801/02/03/04LCJ/05 1.1 1.8 mA
ADCOBOALCN/LCV/LCWM 1.9 2.5 mA

Note 1: Absolute Maximum Raungs indicale kmits bayond which damage 10 the device may occw. DC and AC slecinical specifications do not apply when operating
the dewce bayond ils spociied pperating condibons

Note 2: All voilages are measusred with re3pact 10 Gnd, unless olharwise specihed. The separste A Gnd pont should always be wwed 10 the D Gnd.

Note X: A zenor dioda exists, nternally, Irom Ve lo Gnd and has a typcal treakdown voltage of 7 V.

Note & For V(=)o Vingl ¢ ) the dwatal Gulput COGe wall be 0000 0000 Two ON-chep GOGes &7 e 10 S8CH ANAKDY MO (308 DIOCK diaQram) which will lorward
conduct lor anaiog input vollages ona diode Brog below Ground OF Ong GO0e FOP reater than the Voo sudply Be caretul, dunng lesng at kow Ve Wvels {4 5V),
as igh levol 8nalog inputs 1SV can cause (s input thode 1o CoNGuct - sspacaly sl sievatad temperalures, and cause erors 1or analog inpuls near tuil.scale The
300C sllows S0 MV lorward bias of @ither Gode. This means thal as ong a3 the 8nalog Vi 3008 nOl sxceed the supply vOllage Dy More than S0 mvV, the oulpul
code will bo correct. To achieve an abisokule 0 Voc 10 § Vo nQut v0ltage (ANGe will theralore ragGuu s & MM Jupply vollage of 4.950 Ve over lemperaiue
vanations, wnitial 1olerance and loading. .

Note §: Accuracy is guaranteod at Ig, , = 640 kHE. Al highet Clock fraquencies sccutacy Can dograde. For lower Clock 1requencies, the duly Cycle fimita can be
extondad 30 long as the mnmum clock high ume interval or mirumum clock low tima interval is no less than 275 ns.

Note §: With an asynchuonous start puise. up 1o B clock pefinds may be required belore the inlernal clock phases are proper 10 Stan the conversion process. The
stan raquest is inlernally laiched. see Figure 2 and section 2.0.

Note 7; The TS input is assumed to brackel the WIR sirobe input and therefore liming is dependant on the WR pulse width. An arbitrarily wide pulse widih will hold
the convarter in a reset mode and the star of conversion is initiated by tha tow 1o high transition of the WH puise (see Lming diagrams).

Nole 8 None of these A/Ds requires 8 2610 adjust {sea section 2.5.1). To cbtain zero ¢ode al other analog input voliages see section 2.5 and Figure 5.

Note 9: Tha VRes/2 pin is the center point of 8 two resister divider connectad from Vg to ground. Each resistor is 2.2k, excopt for the ADCOB04LC) where sach
resisior is 16%. Total laddar input resistance is the sum of the two equal resistors,

Hote 10: Human body modet, 100 pF discharged thwough s 1.5 k1l rasisior.

3-18




sical Performance Characteristics
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TRI-STATE Test Circuits and Waveforms
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/pical Applications coniinued)

6800 Interface
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Typical Applications (continyea;

Dlrectly Converting a Low-Level Signal

A pP Interfaced Comparator
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al Applications (continued)

elf-Clocking Multiple A/Ds
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Typical Applications (contnuog;

o ourryt
o

AR

*Soe Figwe 510 select A value
DB7 = 1" for Vin[+ > Vin{ ~) + (VRer/2)
Omit crcuitry within ihe dotted area it
hysteress s nat naaded

Handling * 10V Analog Inputs

il

“Beckman Instrumants #684.3-R10K resisior aray

uP Compatible Ditferential-input Comparator with Pre-Set Vog (with or without Hysteresls)

i T D L PR

3 1-‘-

Rk

>
>
L.

1=,

Low-Cost, uP interfaced, Temperature-to-Digltal Converter

*Circuit values shown are for 0*C T, < +128°C

<*Can calibrale 82Ch SBNSOF 10 siiow aasy replacemant, then
A/D can be calibraied with a pro-sat input voltagae.

L]
O foch ver
[ 3]
Yigltl Yoo
. <.
T 10,0 i) b9 -
il —r Vinl+l Yoo
< b (L4 l N I +
< w’ w \IuIT T“"
= - =
ap
V-1 gt
,_ Lin
Ty S Vit Vagsd — :A Max
+ L
uP Interfaced Temperature-to-Digital Converter
v
av5o
[~}
)
2 ‘.".‘r ’ Vil Veo
[T l
My e 1L, . + B
Wy - T Wt
W ut] >
A T 3"
LY ]
1wy ¥
1Y
h:tn: sy ¥ g1 ¥Yaged a3
]
e -
v
TL/H/S671-8

3-24




cal Applications (continued)
Handling 15V Analog Inputs
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Typical Applications (continuea)

3-Decade Logarithmic A/D Converter

A, B,C, D= LM324A
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Typlcal Applications (continueq)

¢

Sampling an AC Input Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfact A/D transter characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the pariicular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vrgr/2 pin). The digital
output codas that correspond to thesa inputs are shown as
D—-1, D, and D+ 1, For the perfect A/D, not only will center-
value (A—1, A, A+1,. . . .)analoginputs produce the cor-
rect output ditigal codes, but also each riser {ths transitions
between adjacent cutput codes) will be located £ 4 LSB
away from sach center-value. As shown, the risers are ideal
and have no width, Correct digital output codes will be pro-
vided for a ranga of analog input voltages that extend ',
LSB from the ideal canter-valuas. Each tread (the range of
analog input voltage that provides the same digital output
code) is tharatore 1 LSB wide,

Flgura 10 shows a worst case error plot for the ADC0801,
All conter-valued inputs are guaranieed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer 10 the center-valug peoints than t ' LSB. In

Transfer Function

DIGITAL DUTPYT EODE

1.

A [ LY

ANALDG INPUT t¥ )y

other words, if we apply an analog input equal to the center-
value Y, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow ang it
is guaranteed to be no more than %; LSB,

The error curve of Figure 7¢ shows a worst case error plot
for the ADC0802, Here we guarantes that if we apply an
analog input equal to the LSB analog voitage center-value
the A/D will produce the correct digital code. ’

Next to each transfer function is shown the corresponding
arror plot. Many people may be more familiar with arror plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps o! a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of tha A/D. For example the error at point 1 of Figure 1a
is +14 LSB because the digital code appeared %4 LS8 in
agvance of the center-value of the tread. The error plots
always have a constant negative siope and the abrupt up-
side steps are always 1 L.SB8 in magnitude.
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FIGURE 1, Claritying the £rror Specs of an A/D Converter




Functional Description (continued)

2.0 FUNCTIONAL DESCRIPTION

Tha ADCOB01 series containg a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic 1o match the analog diffarance in-
put voltage [Viy(+) — ViN{—)] to a corresponding tap on
he R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale} Is transferred to an output
atch and then an interrupt is asserted (NYR makes a high-
0-low iransition). A conversion in process can be interrupt-
8d by issuing a second start command. The davice may be
operated in the free-running mode by connecting INTR to
the WH input with TS = 0. To ensure start-up under alf pos-
sible conditions, an external WR pulse Is required during the
lirst power-up cycls.

On tha high-to-low transition of the WH Input the internal
SAR latches and the shift registar steges ara reset. As long
as the TS input and WH input remain low, the A/D will re-
main in a resel state. Conversion will start from 1 to 8 clock
periods after at least one of these inpuls makes a iow-lo-
high transition.

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier waight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop {(F/F) and the result-
ing “1" level resets the B-bit shift register, resets the (nter-
rupt (INTR) F/F and inputs a “'1"" to the D liop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this “1" to the O output of F/F1. The
AND gate, G1, combines this 1" output with a clack signal
to provide a resel signal to the start F/F. Il the set signal is
no longsr present (either WR or C8is a " 1") the start F/F is
reset and the 8-bit shift register then can have the "1*
clocked in, which stans the conversion process. if the set
signal were to still ba present, this reset pulse would have
no effect {both outputs of the start F/F would momentarily
te at a "1 level) and the 8-bit shift register would continue
%0 be held in the reset mode. This logic theretore allows for
wide T3 and WR signals and tha converter will start after at
least one of these signals returns high and thea internal
clocks again provide a raset signal for the start F/F.
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Functional Description (continueq)

After the "1" Is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
tha D-type latch, LATCH 1. As soon as this 1" is output
from the shiit register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequenlly enabled, the Q output
makes & high-to-low transition which causes the INTR F/F
lo set. An inverting buffer then supplies the INTR input sig-
nai,

Note that this SET controi of the INTR F/F romains iow for
8 of the external clock pericds (as tha internal clocks run at
'/ of the frequency of the external clock). If the data output
is_continuously enabled (T3 and RD both held iow), the
INTR output will still signat the end of conversion (by a high-
to-low transition), because the SET input can contro! the Q
output of the INTR F/F even though the RESET input is
conslantly at @ “1" level in this operating moda. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).

When operaling in the free-running or continuous conver-
sion mode (INTA pin tied to WR and T8 wired low—see
also section 2.8}, the START F/F is SET by the high-to-low
transition of the INTH signal. This ressts the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the lalch enable inpu! is still present, the O
output will go high, which then allows the INTR F/F to be
RESET. This reduces tha width of the resulting INTH output
pulse to only a lew propagation delays {approximalely 300
ns).

When data is to be read, the combination of both TS and
RD being low will cause the INTR F/F to be resat and the
TRI-STATE output latches wili be enabled 1o provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital controt inputs (CS, AD, and WR) meet standard
T2L logic voltage levels. Thase sighals have been renamed
when compared 1o the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to aliow
an easy interface to microprocessor control bussaes. For
non-microprocessor based applications, the 5 input (pin 1)
can be groundad and the standard A/D Stant function is
cobtained by an active low pulse applied at the WR input {pin
3} and the Qutput Enable function is caused by an active
low puise at the RD input {pin 2).

2.2 Analog Differential Yoltage Inputs and
Commeoen-Mode Rejection

This A/D has additional applications flexibility due o the
analog differential voltage input. The Vin{=—) input (pin 7)
¢an be used to automaticaily subtract a fixed voltage value
from tha input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. in addition, common-
mode noise can be raduced by use of the diffarantiai input,
The time interval betwean sampling Viy(+ ) and Vin(—) is 4-
Y, clock periods. The maximum error voltage due to this

sfight time difference betwean the input voltage samplss is
given by:

4.5
AVQMAX) = (V) (27 fom) (a )

where;

4V is the error voltage due to sampling delay

Vp is the peak value of the common-made voltage

fom is the common-mode frequency
As an axample, to keep this arror to V4 LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fem, and

using a 640 kHz A/D clock, foLk, would allow a peak valye
of the common-mode voltage, Vp, which is given by:
< [8Vemax ek
(2mfem) (4.5)
or
Vp = (5 X 10~3) (640X 103}
{6.28) (60} (4.5)
which gives
Ve 1.9V,

The allowad range of analog input voltages usuaily places
more severs restrictions on input common-mode noise levs
els.

An analog input voltage with a reduced span and a relatively
large zero ofiset can be handled easily by making uss of the
differential input (soa section 2.4 Raference Voltaga).

2.3 Analog Inputs
2.3.1 Input Current

Norma! Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due tc on-chip stray
capacitance to ground as shown in Figure 3.
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ional Description (Continued)

g8 on this capacitance is switched and will result in

entering tha Vin(+) input pin and leaving the
put which will depend on the analog differantial
tage levels. Thase current transients occur at the
dge of the internal clocks. They rapidly decay and
quse errors as tha on-chip comparator is strobed at
of the clock psricd.

de

ltage source applisd to the ViN(+} or Vi(—) pin
the allowed operating range of Vo + 50 mV, large
rents can flow through a parasitic diode to the Voo
ese currents can exceed the 1 mA max allowed
external diode {1N814) should be added to bypass
nt to the Vg pin (with the current bypassed with
e, the voltage at the Vn(+) pin can exceed the
age by the lorward voltage of this diode).

ut Bypass Capacitors

-apacitors at the inputs will average thess charges
se a DC current to fiow through the output resist-
' the analog signal sources. This charge pumping
worse for continuous conversions with the Viy{+)
tage at full-scale. For continuogus conversions with
{z clock lrequency with the Vil + ) input at 5V, this
Nt is at a maamum of approximatety 5 nA, Thora.
Yass capaciiors should not be used at the analog
" the Vpee/2 pin 1ot high resistance sources (> 1
put bypass capacitors are necessary 1or noisa hiter-
high source tasistance is dasirablo 1o minimize ¢a-
size, tha detrimental effects of the voltaga drop
his input resistance, which is due to the average
the input currant, can be eliminated with a fuit-scale
xnt while the given source resistor and input bypass
r are both in place. This is possible becauss the
value of the input current is a precise linear func-
g differential input voltage.

yut Source Resistance

lues of source resistance where an input bypass
ris not used, will not cause errors as the input cur-
ttle out prior to the comparison time. If a low pass
aquired in the system, usa a low valued series resis-
k(1) for a passive RC section or add an op amp RC
w pass filter. For low source resistance applica-
-1 k1), a 0.1 pF bypass capacitor at the inputs will
noise pickup duse to series lead inductance of a long
1000} series rasistor can be used to isolate this ca-
-both the R and G are placed oulside the fesdback
om the output of an op amp, il used.

ise

Is to the analog inputs (pin 6 and 7) should be kept
as possibla to minimize input noise coupling. Both
d undesired digital clock coupling to these inputs
se system errors. The source resistance for these
hould, in general, bo kept betow 5 k01, Larger values
>0 resistance can cause undesired system noise
input bypass capacitors, placed from the analog in-
ground, will sliminate system noise pickup but can
nalog scals efrors as these capacitors wili average
sient input switching currents of the A/D (see sec-
1.). This scale error depends on both a large source

resistance and the use of an inpul bypass capacitor. This
error can be sliminated by doing a full-scale adjustment of
the A/D (adjust Vpes/2 tor a proper full-scale reading—see
saction 2.5.2 on Full-Scale Adjustmant) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Volitage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vg, 2.5 Vpg or an adjusted
voltage relerence. This has been achieved in the design of
the IC as shown in Figure 4.
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FIGURE 4. The Yaererence Design on the IC

Notice that the relerence voltage for the IC is either Y; of
the voltage applied to the V¢ supply pin, Of is equal to the
voltage thal is externally forced al the Vpgg/2 pin. This al-
lows for a ratiomelric voltage reference using the Ve sup-
ply, a 5 Vpg reference voltage can be used for the Vee
supply or a voltage less than 2.5 Vpg can be applied to the
VRer/2 input for increased application flexibility. The inter-
nal gain to the VReg/2 input is 2, making the full-scale differ-
antial input voltage twice the voltage at pin 9.
An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of tha analog input voitage. If the analog input vollage were
to range from 0.5 Vpg to 3.5 Vpg, instead of OV 10 5 Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Ve
applied lo the Vin{—) pin to absorb the olfsel, the reference
voltage can be made equal to ' of the 3V span or 1.5 Vpc.
The A/D now will encode the V\n(+) signal from 0.5V 10 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input corresponding to full-scale. The full 8 bits of resolution
are therafore applied over this reduced analeg input vollage
range.
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Funictional Description (conunveq)
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FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Referenca Accuracy Requirements

The converter can be operated in a ratiometric mode or an
abseolute mods. In ratiomsetric convertar applications, lhe
magnitude of the reference voltage is a taclor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels outin the final digital output
coda. The ADC0B0S is specified particularly for usa in ratio-
melric applications with no adjusiments required. in abso-
lute conversion applications, both the initiat value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For VRep/2
voltages of 2.4 Vpg nominal value, initial arrors of 10
mVpe will cause conversion errors of +1 LSB due to the
gain of 2 of the Vrer/2 input. In reduced span applications,
the initial value and the stability of the Vpeg/2 input voltage
become evan more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (8V span) to 10 mV and
1 LSB at the Vrep/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolarance of the reference
voltage and requires correspondingly less absolule change
wilh temperature varialions. Nole that spans smaller than
2.5V place aven tighter requirements on the initial accuracy
and stability of the reference source.

in general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errars in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not excas-
siva, The LM336B 2.5V IC referance diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°CSTa% +70°C. Other temparature
range parts are aiso available.

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The 2erp of the A/D does not require adjustment, I} the
minimum analog input voltage value, Vingvw). i not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Viy(—) input at this Viypaing vaiue {see
Applications section). This utilizes the differential mode op-
aration of the A/D.

The zero error of the A/D converter relates to the location
of the first risar of the transfer function and can be mea-
sured by grounding the Viy {—) input and applying a small
magnitude positive voltage to the Vi {+) input. Zero error
is the difference betwean tha actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 0000 to 0000 0001 and the ideal %; LSB valus
(%2 LSB = 9.8 mV for VRer/2=2.500 V().

2.5.2 Fuil-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 1'% LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vrgg/2 input (pin 9 or the Vioe supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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unctional Description (continued)

5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

the analog zero voltage of the A/D is shifted away from

ound (for example, to accommodate an analog input sig-

al that does not go to ground) this new zero reference
wuld be properly adjusted first. A Vin(+) voltage that
quals this desired zero reference plus 4 LSB (where the
SB is calculated for the desired analog span, 1 LSB=ana-
g span/256) is applied to pin 6 and the zaro reference
oltage at pin 7 should then be adjusted ta just obtain the
OHEX 10 01HExX code transition.

he full-scale adjustment should then be made (with the
oper Vin(—) voltage applied) by forcing a voltage 1o the
in(+ } input which Is given by:

(Vimax VMIN)]
+ - -5 —22 __¥IE
Vin{+)isad] = Vpax—1.5 [ 256 ,

here:

Vmax = The high end of the analog input range
nd

Vmin = the fow and (the offset zero) of the analog range
Joth are ground referenced.)

he VRerp/2 (or Vce) vollage is then adjusted to provide a
ode change from FExgx to FFngyx. This completes the ad-
istment procedure.

8 Clocking Option
he clock for the A/D can be derived from the CPU clock or
1 external RC can be added to provide self-clocking. The

LK IN {pin 4) makes use of a Schmitt trigger as shown in
igure 6.

o/
ELKR
W
f L] !
! Gy RC
LK ':‘ )._%o—ik—.cu R=10 kN
TLMHIS6T1-17

FIGURE 6. Self-Clocking the A/D

savy capacitive or DC loading of the ¢lock R pin should be
oided as this will disturb normal converter operation.
)ads less than 50 pF, such as driving up 10 7 A/D convert-
clock inputs from a single clock R pin of 1 converter, are
owed. For larger clock line loading, 8 CMOS or low power
'L buffer or PNP input logic should be used to minimize
# loading on the clock R pin (do not use a standard TTL
iHer).

7 Restart During a Converslon

the A/D 1s restarted (T35 and WR go low and return high)
ring a convarsion, the convarter is reset and a new con-
rsion is started. The output data latch is not updated if the

conversion in process is not allowed to ba compieted, there-
fore the data of the previous conversion remains in this
latch, The INTR output simply remains at the 1" leval.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
shouid be used, following power-up, to ensure circuit opera-
tion. In this application, the T3 input is grounded and the
WR input is tied to the INTR output. This WR and INTR
node should be momentarily forced to logic low following a
powar-up cycle 1o guarantee operation,

2.9 Driving the Data Bus

This MOS A/D, like MOS$ microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading. even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds 10 the stray capacitance of the data bus.
There are some alternatives avaitable to the designar to
handle this problom. Basically, the capacitive loading of the
data bus slows down the response time, aven though DC
spacilications are stilt mal. For syslems operating with a
relativoly stow CPU ciock requency, mora lime is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be Jriven (see typical
characteristics curves).

At higher CPU clock frequarncies time c¢an be extended for
1/Q reads (and/or writas) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
bulfers (low power Schottky such as the DM74LS240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplles

Noise spikes on the Voo supply ling can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filler capacitor should be used close to
the converter Vo pin and values of 1 uF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will graatly
reduce digital noise on the Voo supply.

2.1t Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are nol satisfactlory for
breadboarding this A/D converler. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inpuls can cause
undesired digital noise and hum pickup, therefore shieldod
leads may be necessary in many applications.

§0809aV/F0202QV/£0800QV/206800aV/10802QV
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Functional Description (continueq)

A single point analog ground that is separate from the logic
ground peoints should bo used. The power supply bypass
capacitor and the soil-clocking capacitor (it used) should
both be returnad lo digital ground. Any Vpgp/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shisld-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
conventer. Zero errors in excess of Y4 LSB can usually be
traced 1o improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many dagrees of complexity associated with test-
ing an A/D converter. One of the simplest tasts is to apply a
known analag input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
vre 7.

For easo of tasting, tha Vpgp/2 (pin 9 should be supplied
with 2.560 Vpc and a Ve supply voitage of 512 Vpe
should be used. This prowvidos an LSB value of 20 mv,

If a full-scale adjustment iS to be made, an analog input
voitage of 5.090 Vpg (5.120-1%; LSB) should be applied to
the V(1) pin with the Vin(—) pin grounded. The value of
the Vger/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111, This value of VRpe/2 shouid then be used for all the
tests,

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the "VMS" and "VLS" columns in
Table |, the nominal value of the digitat display (when
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VRgr/2 = 2.560V} can be delermined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpe.
These vollage values rapresent the cenler-values of a par-
fect A/D convertar. The effacts of quantization error have to
be accounted for in the interpretation of the test results,

For a higher speed tast system, or o cblain piotted dats, a
digital-to-analog convarter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digh
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction fealure is available to read the difference voltage,
"A-C", diractly. The analog input voltage can be supplied
by a low frequency ramp generator and an X.Y plotier can
be used to provide analog error (Y axis) versus analog input
(X axis). The construction delails of a taster of this type are
provided in tha NSC applicalion note AN-179, "Analog-to-
Digital Convarter Testing”.

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, whera the
output code transitions can be detected as the 10-bit DAC s
incremented. This provides V4 LSB steps for the 8-bit A/D
under tast. If the results of this tast ara automatically plotted
with the analog input on the X axis and the arror (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test rasults. For acceptance testing, the plot is not neces-
sary and the esting speed cen be increased by establishing
internat limits on the allowed etror for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss tha interface with BOSB0A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the resuits
of 16 successive conversions, then returns 1o the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately tor each lype of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decading for TS and the MEMR and MENMW strobes)
or it can be controlled as an 170 device by using the 70 R
and 78 W strobes and decoding the address bits A0 —
A7 (or address bits AB — A15 as they will contain the
same 8-bil address information) to obtain the TS input, Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the add-
tional memory referance instructions, the A/D should be
mapped into memory space. An example of an A/D ini/0
space is shown in Figure 10.
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TABLE |. DECODING THE DIGITAL QUTPUT LEDs

TLAHESET .19

608000V/y08000aV/€0802QY/20802GV/ 108000V

QUTPUT VOLTAGE
CENTER VALUES
FRACTIONAL BINARY VALUE FOR
HEX BINARY I WITH
VRer/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP* | VLS GROUP*

F 1 1 1 1 15/16 15/256 4.800 0.300
3 11 1 0 7/8 7/128 4.480 0.280
D i 1 0 1 13/16 13/256 4.160 0.260
C 1 1 0 9 3/4 3/64 3.840 0.240
B 1 0 1 1 11/18 11/256 3.520 0.220
A 1 0 1 0 5/8 5/128 3.200 0.200
9 LI B | 9/16 9/256 2/880 0.180
8 1 0 0 01]1/2 1/32 2/560 0.160
7 o 1 1 3 7118 71256 2.240 0.140
[ o 1 1 0 3/8 3/128 1.820 0.120
5 o 1t 0 1 5/16 2/256 1.600 0.100
4 0 1 0 0 1/4 1/64 1/280 0.080
3 0 0 v 1 3/16 3/256 0.960 0.060
2 o 0 %+ O t/8 1/128 0.640 0.040
1 o0 0 0 1 1/18 1/256 0.320 0.020

0 0 0 0 0 0 0

*Display Output=VMS Group + VLS Group
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DATA BOOK IC TL074

Texas Instruments IC LINIER

TL 074, TL 084, TL 074A,

TL 084A, TL 074B, TL 084B

Penguat Operasi dengan Jalanmasuk JFET
(JFET-input Operational Amplifiers)

]
Penjelasan TL 074 Kemasan .iaris-berdus {DIL) J atau N
Penguat operasi dengan ja- kemasan pipih W [Tampak atas)
lanmasuk JFET dari seri TL
074 sudah dirancang seba-
gai versi penguat seri TL 084
vang berdesah-rendah yang
disertai panjaran masukan
rendah dan laju lantingan
cepat. Karena cacat harmo-
nisa yang kecil dan juga
desah yang rendah, maka
seri TL 074 adalah cocok
sebagai penguat yang setia-
tinggi (high-fidetity} dan da- v,

’ 1

lam penerapan penguat de- '\ r{ fé

pan audio. Masing-masing o
penguat memiliki jalanma- et —

. VEN G "

suk JFET (guna memperoleh vt .1
impedansi masukan tinggi) ko e e

vang dikopelkan kepada | rssourqorurwimn ee- N 4
tingkat keluaran duakutub G oo - - ' -
(bipolar); kesemuanya terin- ; i
tegrasi dalam satu chip mo- Y

H |
nolit. r- |
!
Penjelasan TL 084 : ]
. . vee. .
Rumpun penguat operasi r —
dengan jalanmasuk JFET e i S On T oL iy Tuse et o
L and { .@IOMLY
Tarif Maksimum mutlak pengoperasian delam jelajahan suhi udara-bebas
Satuan .
TLove | Tonn | JSORE JWERE 1w
TLOBAM | TLOBAY | i g748¢ /TLOB4BC

Tegangan eatu, Vee. 18 18 8 v

Tegangan catu, V- -18 -18 -18 v

Tegangan masukan dilerensial ] ;0 : 30 t 30 v

Tegangan masukan 115 11§ 115 v

Lama hubungsingkat keluaran tak torbatas| tak lerbates tak t ‘bstas

Borossn total 1erus-mensrius peds (s- o "

teu ¢ bawah) subu udsra-bebas 25°C 880 880 -0 m

Jelajshan suhu udsrs-bebas operasi -G56va126 | —25wdgs Oov. 70 c

Jalsjahan suhy simpsn ~85v0180 | —854d1560 -85 4150 (4]

Jelsjahan suhu simah delsm Jarak 1/1

inci 11,8 mm) dar. kemasan elame60 detik 300 300 LI} °c

Kemasan J atau JG

Suhu timoh dalam jerak 118 ingi (1,6 o

mm) dari kemnsan seluma 10 detik 260 20 C

Kemusan N atau P
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