DIFFERENTIAL TIME OF ARRIVAL
DIRECTION FINDER

ANTENNA CONNECTION
TO RADIO NON-CRITICAL

N\

4

/N

ANTENNA TYPE:
1/74 T0 3/4 WAUE SEPERATION

V4

/N

SAME ELEMENT
e . N
N\
> <
ADDED MODULATIOPN TONE |
TO QUIET CARRIER WHEN
TRANSMITTER IS NOT NORMAL
TO ANTENNA ARRAY
\. J

UPDATES&CHANGES

FROM 182-73170-A:
CHANGE FROM 555 TO 4047

(4047 PRODUCES SQUARE WAVE DIRECTLY)

ANTENNA CONNECTIONS:
SAME LENGTH
SAME TYPE
SAME CONNECTORS

CHANGE PIN DIODE DRIVE SCHEME
AND ADD 4049 BUFFER
ISOLATION ALL ON-BOARD

CHANGE R3A TO LOWER COST POT
ADD FUSIBLE LINK TO
REVERSE POLARITY MANAGEMENT

REDUCE CIRCUIT BOARD SIZE

MARK ZERO POINT FOR/O: C ] E
PICK & PLACE FILE ON
PRINTED CIRCUIT BOARD K 0 F Q
TOP_FULL |
DRAWING FRAME SHOWN ON CIRCUIT BOARD
[ BonrD assy | PWB RELEASED AS 2D354 102- 73170 -20
DRAWING FRAME suoulN OoN CIRCUI'i’ BOARD ||
BOT_COMPACT
DRAWING FRAME SHOWN ON CIRCUI'i’ BOARD PWA RELEASED AS 2D35%4 102- 73170 -20
BOARD-ID
DRAWING FRAME SHOWN ON CIRCUIT BOARD
Draun Date The University of loua
W. ROBISON | e/z019 RS sheds i AL
TITLE: ICARC DTOA DIRECTION FINDER, CD4%‘1§2_7317Sﬁ§g F

Date
W. ROBISON | s/2018

Designed

2 Layers

Rev

Number

73170

CAGE Series
iCARC FOX HUNT

2D354 | 102

B

20

Date: not saved!

3/27/24 9:84 AN ‘ Sheet: 4 /4




1 2 3 4 5 | 6 ’ 8 9
T T T T T T T 1 T T T T T
r---------------------------------------------------------------------------=--~-=--=~- -~ -~~~ -~~~ ~T"~T"—_-— -~ “~"“~" =" "=""- l r---r-—-——7"*""""T"T"~"" " T """~ " ~TT~T~T "~~~ T T, TTTTTTTTTTTTTTTTTTTTTTTTTTTT l
| | | | H
| AF UCO R 1eeerr 1200PF 1580PF | | |
. 270K 842 701 561 | . Silicon PIN Diode [
! 4.40%RC 250k g9 758 606 ! ! BNC ur = 50U BNC | T
| 220K 1033 861 689 | | Ct(5V) = 8.3pF |
| 180K 1263 1052 842 | . FROM RpCBU> = 588K Ohm FROM |
| REPLACE R3  15@K 1515 1263 1010 ! ' ANTENNA ey RKBMA = 1 Ohm e ANTENNA |
i WITH R8 120K 1894 1578 1263 i i J2%$1 SUBSTITUTE Uf ~= 850mU SUBSTITUTE J3%$1 i
| TO SAVE $$$ . . 5414373-1 o o D1 oo 5414373-1 . —
! u2¢1 ! ! RF2-49B 18V267 RF2-49B !
| CD4049 | | BARE3-04 |
| LARGE RESISTOR NOTE THAT CD4@@@ CMOS SUPPLY . . ”czi i : | e e I |
I gd) RANGE ALLOWS USE WITH aUF  LiA L1B L1C | c5A o c5B | ]
|y piESISTANCE v9.0 UNREGULATED SU SUPPLY U2$2 . RF ISOLATION ! v 47@PF 2mA @mA 47@PF N
| MULTIUIBRATOR ) O 4V TO 12.5 W CD4049 | i Rp¢-15U) |
. FLEENT 150K DO NOT SUBSTITUTE 74HC4049! 5 4 Il I 2l ' 2 Ohm oeeK onn !
! PADS FOR o o lic24 | L1A | I
| 59562 J_ J_ J_ | 4.7UF ! L 0 ! RS RS !
z R5B
[ 18-TURN k=l [ —qy | D) S Sun N L [
[ — Pos [ c3A ‘\//\\_ [ L R5A l R4A 2.80K § R4B L [
| L AANZ U2$5 | 47PF 11y | = 2.00K 825K R4C 825K — |
) RS 220K C14 ci3 c2 © Tu2¢$e CD4049 H RF TRAP  EITHER SIDE OF RS ) <H18uAcy ~| 825K N | 4
| ‘ AUF | JAUF B1UF CD4048 11 12 | D1-1 CONDUCTS WHEN | LEFT_BIAS 1
: s o 1 €L 1 L zmcs c20 : = UOLTAGE IS -3V : 1 1 1 :
i T0 REDUCE = = = = ooy 4.7UF | | = = = | ]
| POWER SUBSTITUTE u2%$6 | | !
v TISUT ok C4 CD4849 €22 i | |
1 Larcer THan | 10@BPF 14 15 114.7UF | ) 2 ~ld | RIGHT_BIAS 1
| PARASITIC 1 T T |
Lo e THIS TEST POINT U weATD> | J_ l&%gnH ) | U2 PROVIDES BIAS CURRENT D1 IS THE ANTENNA SWITCH |
: IS TWICE THE _/_\_/_ ! sy | THE BIAS UOLTAGE ON D1-3 THE FORWARD BIASED DIODE !
| V9.0 AUDIO FREQUENCY 23 wenrry | c3B m | 1S ALWAYS OPPOSITE D1-1 AND D1-2 CARRIES THE RF SIGNAL | -
| o) U3 FREE_ RUNNING . FRQ | 47PF +u | RBx3 LIMITS BIAS CURRENT TO ABOUT 2mA NOTE THE RF IMPEDANCE IS LOW |
! CD4@47 [VLTIVERATOR o o - PAD u2¢3 o ! RF TRAP  EITHER SIDE OF RS~ | R4x3 PROVIDES A GROUND REFERENCE THE REVERSE BIASED DIODE !
| VconTRL 5 D049 " —— DiZ CONDUETS HHEN | D1-3 IS ALWAYS BATTERY UOLTAGE BLOCKS THE RF SIGNAL |
. 5 ASTAB | MONOSTAB o © o = 13 lic2s o | AWAY FROM D1-1 D1-2 NOTE HERE THE RF IMPEDANCE |
[ ASTAB 1T T Telel)e ¢S [~ 0sC SUF [ [ SO CURRENT ALTERNATELY FLOWS IS UERY HIGH (58@K> [
: 4 o U2$4 . | | IN THE TWO DIODES OF D1 Jig1 :
\ 9 ASMBNL1'1"°|1'1'1"‘ ASTABLE CD4049 ! ! RE2498 | SMA
I 8 [ MULTIVIBRATOR 1¢  DRIVE 9 10 I ! i 12 ! RADIO_BIAS LANAA 2 |I__RADIO_RF 5414373-1 !
: TRIG _l-a:a:alp:i:P:a ® SEE DATA F%ﬁﬂ?ggngG Hc23 | 1c | WW H & : TO o
| 6 P SHEET ®Y 2 [ 11 DRIVE_BAR 7UF ! L ! R5C C1 ' RADIO
| G TDIG*_L:.::.::. elplele N | 1@enH | 2.80K 470PF |
| 5 FRTRCP + - RTEXT Idd QUIESCENT  2uA : m o CURRENT THROUGH D1 |
1 T T T T_T_T RETRIGGER
| RETQIG*O:O:O O:O:P:a o3 OUTPUT CURRENT  3mA/GATE : Eggr v R12 :
: 9 | peeeroloieie|eele)e ‘?’ | RF TRAP EITT:::E SJODET:;E? | RECESIaEE |
| L= LT | ACCOMMODATION |
| N | WITH BATTERY | = = |
! = Idd QUIESCENT 2uf l VOLTAGE | |
| OUTPUT CURRENT  3mA | | | T
: (180@PF> ACTIVE Pd  <1imM - : : :
| I | |
| | | |
| | | |
I 1 I I
| | | | —
. AUDIO FREQUENCY CLOCK . . RF SWITCHING .
| | | |
L e e e e e e e e e e e — — — — — — — — — — — — — — — —— — — — — — — — — — — — — — —— — —— —— —— — ————— o —— — — | L e e e e e e e e e e e e e e e e |
[e] [e]
pPCBL ENCLOSURE
102-73170-20 ENCL1
. sz I L w90 1599BBAT
8705530002 UBATT 200USP1T1A1M6RE 200s e300 $3.84 TINY BAT (RECESSED)
1 3, ET@1MDLU3BE $9.54 EXPOSED BAT
/ —2 . . 4
O N Lo
o o
2N Ji‘ THIS BOARD CONTAINS
STATIC SENSITIVE 1
N\ €73 72 A cEs  aNDLE
16UF -@1UF AL onLy IN STATIC saFE
. ENVIRONMENT
PAD1 O N N - Drauwn Date e University of lowa
N/A p REVERSE INPUT Department onhDhisics &‘:Swforgomg_
_<> GND PROTECTION FILTER W. ROBISON | srze18 foua City, Ia, USA
pRDZ © N/A en Designed Date |TITLE: ICARC DTOA DIRECTION FINDER, CD4@47, »317p 20
W. ROBISON | s/2018 - PROD
= CAGE Series Number 2 Layers| Rev
iCARC FOX HUNT B
2D354 | 102 73170 20
Date:

not saved!

3/27/24 9:84 AN ‘Sheet: 2/4




| 4 | 5 ] 6 | 7

RADIO CONNECTOR

" O " Me.272 BNCY
8-642 _ I 0.258 (SMA>
_E g_ 0.330

HM1599BBAT MECHANICAL DETAILS

ANTENNA CONNECTORS

O .272 (BNC)
~ |8.258 <sMA
1 ' 2.330

N |
lee————| 2.087 I | ©0.989 2.525
1.0435 | . - BORRD.
J— iz_ : 2.659 | ‘ 1.77?7 ‘ REFZEER?EDNCE
0.236 !
" 1.280 |
' | ANTENNA CONNECTORS
o 272 oo C)
0330}_&4 ;_I_I i x_ﬂ
CIRCUIT 2525 0-989 |
ZeR0 T 1.777
POWER AND TIMING REFERENCE
THIS HOLE REQUIRED FOR
ADJUSTING AUDIO FREQUENCY
(DO NOT DRILL>
\L POWER SWITCH
- O ¢ -
a.197j[ I @) J[a.asa
9.330], \——1 ' J_a.asa
1714 D
T 839 0.850
2.164
2.289 CIRCUIT
CIRCUIT BOARD HEIGHT ABOVE BASELINE CIRCUIT BOARD HEIGHT ABOUVE BASELINE

E J_fa.ﬂ?

(BASED

E g_$0'370 Drawn Date

NOT TO SCALE

W. QOBISON‘ 8/2019

Department of Physics & Astronomy
Toua City, IA, USA T

Designed Date

W. ROBISON | s/2018

TITLE: ICARC DTOA DIRECTION FINDER, CD4843, ,3170 20
B PROD
CAGE Number 2 Layers| Rev
iCARC FOX HUNT

2D354 | 102 B 73170 20

Series

Date: ot saved! 3/27/24 9:04 AN ‘Sheet: 3/4




ILLUSTRATING THE
EFFECT OF THE DTOA
AUDIO

SWITCH ON Rx

The University of Ioua
Department of Physics & Astronomy
Iowa City, IA, USA

TITLE: ICARC DTOA DIRECTION FINDER, GR&#R47170 20
PROD

CAGE Series Number 2 Layers| Rev
iCARC FOX HUNT

2D354 | 182 73170 20

Date: ot saved! 3/27/24 9:04 AN ‘ Sheet: 4 /4

FOX
Tx

Rx ANTENNA
APPROX 1/4
WAVELENGTH

ELEMENT SEPERATION
1/4 TO 1/2 WAVELENGTH

T -

ANTENNA

UNEQUAL PATHLENGTH:
SIGNAL WAVEFRONT ARRIVES AT NOEquspﬁL
BOTH ANTENNAS AT DIFFERENT TIME ELEMENTS NOT
ANTENNA SWITCHING INTRODUCES ‘}7 EQUIDISTANT
A PHASE SHIFT THAT THE RADIO

SEES AS A FREQUENCY SHIFT
FREQUENCY SHIFT == FM MODULATION

SQUEAL OCCURS IN THE AUDIO!
DTOA

SWUT

Rx

SQUEAL AT
SWITCHING
FREQUENCY
IN RECEIVED
AUDIO

ANTENNA
EQUAL PATHLENGTH: NORMAL’

SIGNAL WAVEFRONT ARRIVES AT 70 Tx
BOTH ANTENNAS AT SAME TIME

ELEMENTS
EQUIDISTANT

SWT

Rx

NO SQUEAL

—

(OR VERY LOW
— ] AMPLITUDE)

N

DTOA
SWT

N

Rx




