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ABSTRACT

This project is to practically investigate the characteristics of a planar slot array antenna in
which was designed and fabricated to operate at the frequency of 12.6 GHz. Radiation pattern, gain and
impedance are measured. Then a tracking system employing a stepping motor will be designed and
fabricated. By using microwave amplitude detector and analog to digital converter, received signals are
converted and transferred to microcontroller to process and generate the control signal to control the
stepping motor. The stepping motor will drive the antenna in order to direct the main beam to the target
(transmitter) direction all the times.

From the experiment, it is obvious that the tracking system can control receiving antenna to

follow transmitter.
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ANUUTVDITYY IV 29NVININDT
(dB,) V18 (mV) vy (V) iWludayanm Digital

D, | D, | Dy | D, | D, | D, | D, | D,

-35 -0.2 0.137 0 0 0 0 1 0 1 0
-30 -0.7 0.183 0 0 0 0 1 1 0 1
-25 -0.9 0.329 oo o 1 1 0ol 0] o0
-20 -2.8 0.786 0 0 1 1 1 0 0 0
-15 -8.6 2.15 L | ONIN 1 0 1o | o
-10 -23.9 4.36 1 1 1 1 1 1 1 1
-5 -64.3 4.36 1 1 1 1 1 1 1 1
0 -146.9 436 1 1 1 1 1 1 1 1

5 -302 4.36 1 1 1 1 1 1 1 1
10 -584 4.36 1 1 1 1 1 1 1 1
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ORG  0000H
MAIN: MOV  P1,#0FFH
SLR~" P3.2

MOVX @DPTR,A
CALL DELAY
CLR RD

MOV APl

MOV P2A

MOV  PCON,#02H

DELAY: MOV  RO,#30H
LOOQOP: DINZ RO,LOOP
NOP
RET

END
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INSTHUCTION SHEET FOR

L GENERAL INFORMATION

WILTRON RF Detectors are available in a variety

of frequerncy ranges, impedances, output
polarities, and connector types. The WILTRON
Series includes general purpose, extended

WILTHON RF DETECTORS
bandwidth, instrumentation, and OEM detectors.
Table 1 contains a brief description of each series

of RF Detectors. Table 2 provides detailed
specifications.

Table1. RF Detector Series, Summaﬁy

SERIES MODEL NUMBER

DESCRIPTION

70 SERIES

-3
oy
[0p]

ERIES T

-1
s
w2
[es}

RIES

3
5
4

&

RIES

Extended Bandwidth.

Frequency range, 10 MHz to 40 GHz.
K male input connector.

SMC male output connector.

General Purpese.

Frequency range, 100 kHz to 3 GHz with
50-ohm impedance and 100 kHz to 2 GHz
with 75-ohm impedance. Positive or
Negative output voltage. BNCinput and
output connectors.

General Purpose.

Frequency range, 100 kHz to 4 GHz with
50-ohm impedance and 100 kHz to 2 GHz with
75-ohm impedance. Type N input connector,
BNC output connector.

General Purpose.

Wideband frequency range, 10 MHz to

12.4 GHz. 50-ohm impedance. Type N input
connector, BNC output connector.

Extended Bandwidth.

Frequency range, 10 MHz to 40.0 GHz.
Type N, GPC-7 or K male input connector.
BNC output connector. 50-ohm impedance.

FRT e gy




Talble 2.

- Pl e S g <
Specifications

Low Level High Level
Connectors Sensltivity Sensltivity Input Cutput
Frequency Flatness Impedance SWR 2t =30 d8m | at +13 dBm Max. | Capacitancs
fodel Range {¢B) In Out (Ohms) Maximum (mV/W) {Volits, Min.) {mW) (pF)
70KAS0 0.01-20 GHz + 0.5 K(m) SMC{m) 50 1.33 0.5 1 100 30
70KB50 1 0.01-26.5 GHz | $0.51020 GHz | K(m) |SMC(m) 50 1.23 to 20 GHz 05 1 100 30
1.510 26.5 GHz
70KC59 0.01-40 GHz + 0.510 20 GHz K(m) |SMC(m) 50 1.33 10 20 GHz 0.5 1 100 103
+1 10 26.5 GHz 1.51026.5 GHz
+1.5 to 40 GHz 1.9 10 40 GHz
71B50 |100 kHz-3 GHz 0.5 BNC(m) | BNC(f) 50 1.2 0.35 1 100 5C0
71B75 100 kHz-2 GHz 0.5 BNC{m) | BNC(f) 75 1.25 0.35 1 1C0 500
73N50 |109 kHz—4 GHz +0.5 N(m) BNC(f) 50 1.2 0.35 1 1co 500
73NJS [100 kHz-2 GHz 0.5 N(m) BNC(f) 75 1.2 0.35 1 10C 500
74NS0B | C.01—-12.4 GHz 10.5 N(m) BNC(f} 50 1.25104.5 GHz 0.4 1 100 . 20
135107 GHz
1.51012.4 GHz
75A50 |0.01—185 GHz |£0.5 10 12.4 GHz | GPC-7 | BNC(f) 50 1.25104.5 GHz 0.4 1 100 20
+1 10 18.5 GHz 1.35107 GHz
1.510 12.4 GHz
1.6 10 18.5 GHz
75NSCB | 0.01-18.5 GHz |£0.5 10 12.4 GHz | N(m) | BNC(f) 50 1.25104.5 GHz 0.4 1 100 20
+1 10 18.5GHz 135107 GHz
1.5 10 12.4 GHz
1.6 10 18.5 GHz
75KA50 0.01-20 GHz 0.5 K(m) BNC(?) 50 1.33 0.4 1 100 20
75KBS0 | 0.01-26.5 GHz | 10.5 to 20 GHz K(m) BNC(f) 50 1.33 to 20 GHz 0.4 1 100 20
+1 10 26.5 GHz 1.5 10 26.5 GHz
75KC50 | 0.01—40 GHz +0.5 10 20 GHz K(m) BNC(f) 50 1.33 to 20 GHz 0.4 1 100 20
+1 10 26.5 GHz 1.5 tc 26.5 GHz
+1.510 40 GHz 1.9 10 40 GHz
HANDLING PRECAUTIONS 3 DIODE REPLACEMENT

CAUTION

Static electricity can damage the RF
detector. Before picking up the RF detec-
tor, discharge body static electricity by
touching the grounded chassis of the in-
strument used with the detector. Also,
check that interconnecting cables and as-

sociated equipment are discharged
before connecting them to the RF detec-
tor.

WILTRON RF Detector Series 70, 71,73, 74, and
75 have field-replaceable diodes. Table 3 lists the
diode part numbers. To replace a diode, follow
the steps in the applicable RF detector series
diode replacement procedure.

Table 3. Diode Part Numbers

Negatlve Positlve

Serles Polarity Polarity

70K Series (€20 GHz) A16177 A18948
70K Series (>20 GHz) A16176 A18873
71 and 73 Series 10-A2X985 10A2X985
74N508 A18735 A18736

75A50 10-75 10-75
75N50B B16132 A18694

75K Series (<20 GHz) A16177 A18948
75K Series (>20 GHz) A16176 A18873

90



National Semicondu

ctor

ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

- General Description

The. ADC0801, ADC0802, ADC0803, ADC0304 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
‘similar to the 2568 products. These converters are de-
signed tc allow operation with the NSC800 ard INS8080A
derivative control bus with TRI-STATE?® output latches di-

rectly dr.vmg the data bus. These A/Ds appear like memory

_ locaticns or 1/O ports to the microprocessor and no inter-
" facing lcgic is needed. 4
Differential analcg voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
_span to the fuil 8 bits of resolution.

Features .

m Compatible with 8080 pnP derivatives—no interfacing
logic nieeded - access time - 135 ns

W Easy interface’ to all microprocessors, or operates
stand alone”

m Differential analog voltage inputs
B’ Lagic inputs and outputs meet’ botn MOS and TTL volt-
age level specifications
" m Works with 2.5V (LM3386) veltage reference
m On-chip clock generator

m 0V to 5V analog input voltage range with single 5V
supply

m No zero adjust required

m- 0.37.standard width 20-pin DIP package

® 20-pin molded chip carrier or small outling package

R Operates ratiometrically or with 5 Vgg, 2.5 Vpg, or ana-
log span adjusted voltage reference

Key Specifications

B . Resolution ) 8 bits”

m Total error +’/, LSB, =, LSB and =1-LS3-

B Conversion time 100 us

Typical Applications

"
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) N Full- ' )
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RO Numb No Ad j
- RO p— 3 umber Adjusted (No Ad]ustments) (No Adjustments)
e TR o ADC0801| =1/ LSB
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£TC. e iy ADCO0802 = LS8
ADC0803| %', LSB
DATA
: ADC0804 +1LS8
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Absolute Maximum Ratings (notes 1 2)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vo) (Note 3) 6.5V
Voltage
Logic Control Inputs —0.3V.to +18V

At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)

~0.3V to (Voo +0.3V)

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

Electrical Characteristics

—85°Cto +150°C
875 mw
800V

Storage Temperature Range
Package Dissipation at T =25°C
ESD Susceptibility (Note 10)

Operating Ratings (votes 1 & 2)

Temperature Range TMINSTAS Tmax
ADC0801/02LJ, ALC0802LJ/883 —55°C<TA< +125°C

ADC0801/02/03/04LCJ —40°C<Ta< +85°C
ADCO0801/02/03/05LCN —40°C<Tp< +85°C
ADCO0804LCN 0°C<Tpa< +70°C
ADC0802/03/04LCV 0°C<Tpa< +70°C
ADC0802/03/04LCWM 0°C<TpA< +70°C

Range of Vo 4.5Vpct0 6.3 Vpe

The following specifications apply for Veo=5 Vpe, TminS Tas Tmax and foLk =640 kHz unless otherwise specified.

92

Parameter Conditions - Min Typ | Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adij. iy
(See Section 2.5.2) Ve LS8
ADCO0802: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpg 1, LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adij. o
: (See Section 2.5.2) = LS8
ADCO0804: Total Unadjusted Error (Note 8) ‘VRee/2=2.500 Vpe =1 LSB
“ ADC0805: Total Unadjusted Error (Note 8) Vaeg/2-No Connection } =1 LS8
VRer/ 2 Input Resistance (Pin 9) ADC0801/02/G3/05 2.5 8.0 kQ
ADC0804 (Note 9) 0.75 e 1 kQ
Analog Input Voltage Range (Note 4) V(+) or V(—) Grd-0.05 Voo +0.05 Vbe
DC Common-Mode Error Over Analog Input Voltage =W = LSB
Range ) ;
Power Supply Sensitivity Voe=5 Vpg =10% Over |z irell | = LSB
Allowed V|n(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specificaticns apply for Voo =5 Vpg and T =25°C unless otherwise specified.
Symbol | Parameter Conditions Min { Typ Max Units
Te Conversion Time " fcik =640 kHz (Note 6) 103 | 114 s
Tc Conversion Time (Note 5, 6) 66 | 73 1/{cik
foLk { Clock Frequency Vee =5V, (Note 5) 100 | 840 1460 kHz
| Clock Duty Cyclz {Note 5) s | 50 %
CR Conversion Rate in Fres-Running INTR tied to WR with 8770 | 8708 conv/s
Mcde CS=0 Vpe, fo k= 640 kHz i
W (WRSL Widih of WR Input {Start Pulse Wigth) CS=0 Vpc (Note 7) 100 ! ns
tacc Access Time (Delay from Falling C_=100 pF i35 200 ns
Edge of RD to Output Data Valid)
4. o TRI-STATE Contral (Deiay ~CL=10pF, Ry=1Ck 125 200 ns
frem Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) ’ . Circuits)
twi, iRi _ Delay from Falling Edge 300 450 ns
oi WR or RD to Reset of INTR
CiN " Input Capacitance of Logic 5 4.5 pF
Control Inputs i
Cout TRI-STATE Output 5 7.5 pF
Capacitancs (Data Buffers)
CONTROL INPUTS [Note: CLK {N (Pin 4) is the input of a Schmitt trigger circuit and is therefors specified separately]
Vin (1) Loagical *1!* Input Voltage Vee=15.25Vpe 2.0 15 Voc
{Except Pin 4 CLK IN)
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ORG 0000H
MOV R2, #0E1H ;Define step/cycle = 200
LOOP2 : MOV DPTR, #TABLE ;Define table for driving motor

MOV R4, #10H
LOOPL :CLR c

MOVC A, @A+DPTR ;Read data from table for operate
MOV P2,A ;Move data out at port 2

CALL DELAY

INC DPTR

DJNZ R4,LOOP1
DJIJNZ R2,LOOP2

DELAY : MOV RO, #20H

DEL1: MOV R1, #20H

DEL2: MOV R3, #20H

DEL3: DJNZ R3,DEL3
DJNZ R1,DEL2
DJNZ RO,DEL1
RET

TABLE : DB O9H, O0CH, O06H, O03H
DB O%H, 0CH, O0O6H, O03H
DB O9H, OCH, O06H, 03H
DB 0 oH7 W OCGHI LT OIGEr, I O 3Hu \OERE

END
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ORG 0000H

MAIN:

PRI R ey
;Initail value for driving step motor

MOV
MOV
MOV
MOV
MOV

INITIAL VALUE:

R1, #00H
R3, #00H
R4, #00H
R5, #00H
R6, #00H

;###############################################

;Motor operate
DRIVE MOTOR: MOV
MOV
MOV
MOVX
MOV
INC
LCALL
INC
DJNZ
INC

LOOP1:

R2, #10H
DPTR, #TABLE
A, #00H

A, @DPTR
P1,A

R3

DELAY

DPTR
R2,LOOP1

R1

;###############################################

;For the first wvalue

GET_VALUE FROM TABLE:
CJINE
LCALL
MOV
MOV
MOV
CJINE

R1, #01H, COMPARE VALUE
CALL VALUE

R4, A

A, R3

RS, A

R1, #OE1H, DRIVE MOTOR

;################################################

;For the other wvalue

LCALL
MOV
MOV
MOV
CLR
SUBB
Jc
CJINE
LCALL

COMPARE VALUE:

CALL VALUE1
R6, #00H

R6, A

A, R4

C

A,R6

GET NEW_VALUE

R1, ¥OE1H, DRIVE_MOTOR
TURN_TO MAX

;################################################

;Compare the maximum value with new value

MOV
MOV
MOV
MOV

GET NEW_VALUE:

A, R6
R4, A
A, R3
RS, A



PR R S B b

;Compare the number of steps

, CJNE RI1,#O0E1H, DRIVE MOTOR
LCALL TURN_TO MAX

PEEREE AR R R A R S

;Motor turn to the position that give the maximum value

TURN_TO MAX: MOV A, #00H
MOV A,R5
MOV B, #10H
MOV PSW, #00H
DIV AB
MOV R5,A

LOOP2: MOV R2, #10H
MOV DPTR, #TABLE
MOV A, #00H

LOOP1: MOVX A, DPTR
MOV P1l,A
LCALL DELAY
INC DPTR
DJNZ R2,LOOP1
DJNZ R5,LOOP2

;#################################################

;Subroutine define dalay time for rotate motor

DELAY:

MOV
DEL2: MOV
DEL1: DJNZ
DJINZ
RET

R6, #7FH
R7,#7FH
R7,DEL1
R6,DEL2

;#################################################
;Subroutine call digital data from table

MOV
MOV
INC
RET

CALL_VALUE:
CALL VALUEL:

RO, #20H
A, @RO
RO

;################################################

; Table for rotate motor

TABLE: DB O9H,
DB 09H,
DB 09H,
DB 09H,

END

in 2 phase

OCH, O06H, O03H
OCH, O6H, O03H
OCH, O06H, O03H
OCH, O06H, O03H, OFFH
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ORG 0000H

MATIN:

PHERE AR AR SR R R R R

;Initail value for driving motor

INITIAL VALUE: MOV
MOV
MOV
MOV
MOV

R1, #00H
R3, #00H
R4, #00H
R5, #00H
R6, #00H

PR R SR R R R A

;1 step = 2 degree

DRIVE MOTOK MOV

LOOP2: MOV
MOV

LOOP1: MOV
MOVC
MOV
LCALL
INC
DJINZ
DJINZ
INC

R7,#05H
R2,#04H
DPTR, #TABLE
A, #00H

A, GA+DPTR
P2,A
DELAY
DPTR
R2,LOOP1
R7,LOOP2
R3

PRI AR S R R R R

;For receive first analog value

GET_VALUE: CJINE
LCALL
MOV
MOV
MOV
MOV
CJNE

R3, #01H, COMPARE VALUE
AD

R4, &

A,R3

RS, A

PI, A

R3, #0B4H, DRIVE MOTOR

PR R R S S R R

;If the value is not a

COMPARE_VALUE: LCALL
MOV
MOV
MOV
CJINE

JUMP: JC
MOV
MOV
CJNE
LCALL

first value

A~D
R6, #00H

R6, A

A, R4

A, 06H, JUMP
GET_NEW_VALUE

A, R5

P1,A

R3, #0B4H, DRIVE_MOTOR
TURN_TO_MAX

;################################################

;Move the maximum value in Register 4 and the position that give
;maximum value in Register 6

GET NEW VALUE: MOV
MOV
MOV

~

A, R6
R4, A
A, R3

96



MOV  RS,A

MOV  P1,A

CJNE R3, #0B4H, DRIVE MOTOR
LCALL TURN TO MAX

PREHE R H AR R R R
;Motor move to the position that give maximum value

TURN_TO MAX: MOV~ R7,#05H
LOOP3: MOV R2, #04H

MOV  DPTR, #TABLE
LOOP4 : MOV A, #0OH

MOVC A, @A+DPTR

MOV  P2,A

LCALL DELAY

INC  DPTR

DJNZ R2,LOOP4

DJNZ R7,LOOP3

DJNZ R5, TURN_TO MAX
SJMP COMPARE MAX

REHEF AR R R R
;Compare value at the position that used to be the maximum position
;with maximum value in Register 4

’

COMPARE MAX: LCALL A D
MOV R1,A
MOV R6, #00H
MOV R6,A
CJINE A, 04H, JUMP2
JUMP2: JcC TRACKING

SJMP  COMPARE MAX

PEEHHEH AR AR R R S A R R
; Compare value at the position that used to be the maximum position
;with the reference value

r

TRACKING: CLR A

MOV A,R1

CJIJNE A, #7FH, JUMP3
JUMP3: Jc MAIN

SJMP < COMPARE MAX
PHEHHEH RS AR AR R A R R AR A
; Subroutine for convert analog signal to digital signal
A D: MOV P1, #0FFH

CLR B3 2

MOVX @DPTR,A

CALL DELAY1

CLR RD
MOV A, Pl
SETB RD
SETB P3.2
MOV P1, #00H
RET
DELAY1: MOV RO, #40H
LOOP: NOP
DJNZ RO, LOOP
RET

CHEBHHARBAE AR R BB AR BB R R R



;Subroutine define delay time for rotate step motor (0.015S)

DELAY: MOV RO, #55H

DELZ: MOV R6, #55H

DEL1: DJIJNZ R6,DEL1
DJIJNZ RO,DEL2
RET

PEE R R R R R R
;Table for driving motor with 2 phase

TABLE: DB 09H, OCH, O06H, O03H, OFFH
END
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