TIME DIFFERENCE OF ARRIVAL

UPDATES&CHANGES

FROM 182-73170-20: i
ADD SYNCHRONOUS DETECTION
AND LED METER

CIRCUIT BOARD SIZE CHANGED -

TO FIT HAMMOND 158S9E ENCLOSURE

INTERNAL SPEAKER ADDED 1
SYNCHRONOUS DETECTOR ADDED

DIRECTION FINDER

DAUGHTER CARDS

A LED DISPLAY UP ANALOG METER EMULATION

(USING LEDs>

ANTENNA ROTATOR LEDs MOUNTED TOP-SIDE U14/U15 CHANGE TO INVERTING 1
CONNECTION

102-73174-70

AUDIO CONNECTION FROM
RADIO NON-CRITICAL
FOR ALIGNMENT JIG

MUST USE SHORT DAUGHTERCARD
MAY USE WIDE OR NARROW

WIDE DAUGHTERCARD MUST BE

2 SPACER HOLES AVAILABLE =

W. ROBISON | 1e/2e25

A102_73174_41

[] REMOVED TO PROGRAM zNEO
SW_P ANALOG LEVELS ( )
LED DISPLAY DOWN PROTO
DAUGHTER i
LEDs MOUNTED BOTTOM-SIDE
BOARD s FOX TRANSMITTTER TESTBED
NAKED ou MAY USE TALL OR SHORT DAUGHTERCARD
---------------------------------------------- MAY USE WIDE OR NARROW
192-73174-71 2.0V
{o2-73174-82] T Ty T WIDE DAUGHTERCARD MUST BE PROD
{o2-73174-94] T Ty T TTTTTTTTTT REMOVED TO PROGRAM zNEO PRODUCTION BUILD: (METER EMULATIOND ]
—————————————————————————————————————————————— OP-AMPS CIRCUITRY FOR METER
102-73174-57 ey 5 5 SUPPORT OMITTED
ENCLOSURE
ENCL1
PD1 DIGITAL LEVELS 1599EBKBAT
ON )
DAUGHTER NO CARRIER ~J
BOARD CARRIER DETECT o o
_____ NAKED | .+ |+ |
102-73174-71| 1 | .° 1
102-73174-82 @ | e | TrSTATIC SENSITIVE
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iz o) POWER CONDITIONING g0 [e)

J4
0705530002 ET@1MD1ABE

UR2
1 3 2L.D01117-3.3
0'4’\/\—0 5 1 5 POWER IN MAY BE UP TO 28V 1 3 5
—0 9 AW 9 ? 9 UVIN  uouT 9 ¢ UVIN  uouT . .
O+ 500HA Lo R12 = S voon |47
250 + o + + o +
O3 : ==
C12 o © c1z c73 ci9 C15 ~ lT)ggi 5-2450 Cié C46 c28 C44 C25 C20 | C26 C27 C29
<1UF AUF 1@UF/25V | .1UF B1UF REUI-ERSE AUF «1UF 10UF 10UF .1UF | .01UF 01UF AUF 10UF
1 IV S PINOUT =
= = 2 v 2 = = = = = = = = = = = = = = =
L S L
REVERSE g S 3 L pse
PROTECTION - % 3otk ~ Eg@@
1% PART L.OK
| ZXCT1@09 ~ 5 4% PART
I Uout ZXCT K Usense Rout _ | _
<mAd mVU> (factor) mVU> (R17 IMON/4.5A BMON/4.5B 5MON/4 5B|
1 5 50uy ! STM32U575 14 BIT ADC
10 50 500uV : )
50 250 2.01 2.5 10K 2.0U LiPO CELLS MAXU R35 R36 K (mU> |
100 500 5 (16383) oL L ______VREG_6.01U “18.0K 4.99K _ 366.7E-6_
400 2000 20 CURRENT mn R 2 121989K 4  8.01U 15.0K 4.99K 489.0E-6 Q%SSK
K=24.41E-3 . o €21 €22 4 2 CELL 6 10.02V 20.8K 4.99K 6141.3E-6 -
1% PART JAUF .1UFI 1% PART - _7_ ) _11- _Sgg _23._95 _4_.%9_}(_ _7_3_1:2_E_—§ (1:3? 1% PART
= = = = <3 CELL 8 14.06U 30.4K 4.99K 858.4E-6 ’
- - 9  15.95U 34.8K 4.99K 973.4E-6 = =
4 CELL 410 18.11U 48.2K 4.99K 1.1@5E-3 g:g gg?&fdi U114
- - Y. .
U3.3 12 20.12V 45.2K 4.99K 1.228E-3 RECALCULATED 83/2026
UL$PUR V3.3
STM32US35RET6 512KB/274KB  $6.60
STM32U545RETE 512kB/274KB  §6.83
STM32US75RGT6 1024KB/786KE  $8.25 U3.3
STM32U595RITE  21/25M8  $13.57 J_ 3030 o) N STLINK-U3
STM32U595RJTE 4MB/2.5ME  §14.41 1000PF R45 U1$ITAG
STM32US575RIT6 $9..
PINOUT ERROR PINOUT ERROR 2099KB/7EEKE 5945 I . e Va3 FTSH—107J—pOzi—F—DU—K STM32U575RIT6
ZGNHZ 32.768KHZ g g g g $ » §> R44 2 SW1 1 L_O Bevd ST-LINK CN4 A 0_2_ JTgﬂg_s
CAN HC49U PADS = 10K 552
X1 uie$1 - 3 4 | 3l 1_uce TITHS ~ 4 JTHs 46 T_JTMS
ECS-2808-18-9X — UT200F — s 4 o o o« = 74LUC1G11 KMR2 - T_SWDIO 105 |pA13 -~ T_SWDIO
s 4 o o o o o T — 1 5 T_JCLK 6 JCLK 49 T_JCLK
_L 5 eern YT _L N P ” STM32U575RITE £ = O &ND 1_suck O 105 |PAL4 ~ T_SWCLK
> HAYWIRE 5 2iiand JTRST 7 T_JTDO ~ |8 JTDD 55 T_JTDO
=] 32KHz =] 0SC STM32oCORE NRST — WW, O &N 7suo O 32 [ps3 T_SWO
5 |pcis 5 |pHe 2048KB PGM FLASH 786KB SRAM B R6  1.BK S B o rtor 50
5 O0SC_IN 5 1-0SC_IN S 2 3 %25 sore U3.3 = O T_JRCLK T1_JT01 O i Tears > T-JTDI
U1$0SC32 u1$0sc g 38 38 3 2 3 PH3 3.3 O N$S 141 GND_Det > T_NRST ({2 JTRST 260 —>T_JTRST
—_ _ BOOTO ~ 13 14 UCP_TX
1052 O oF = = T T S I U3.3 U3.3 L rea a1 O T_UcP_Rx~ T1_UcP_TX O U1$UART 4
<]
1 c31 c30 'fseK U10se e 18K 3 JRCLK 2iL seLk ste
== 1@PF 10PF u3.3 u3.3 U333 = UART
= o) S 2y L o kT i
- = Jp - +——MWA—Con 1.0K 11 [IXD TxD
= = e D3 - R26 108K > Pcie o
T e PRPCOOZSBﬁN BAU1SS uce_RX 52_1 pxp RxD
— - 112
4.7UF 53 010F 74Luc1611 = u3.3 ——
C32
Cc5 = C52 C53 C55 USﬁQTl —= = — 10UF E I
AUF AUF AUF AUF AUF I—_|
I INTERNAL I I I SERIAL = c6 —
= Ucore = = = = BOOTLOADER 10UF
BYPASS .
https://sourceforge.net/projects/stm32flash/
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1 2 \ 3 4 5 6 7 8 9
T ) ) ) ) ) ) ) ) ) ) ) ) )
u1$p1 " SOURCE |
B | e Ms
ANTENNA -BK
o129 Lywz—ANTENNA_SWITCH ANTENNA_SWITCH/5.20]
LPTING_CHL R A/D CLOCK 64KHz => ANTENNA SWITCH 1KHz
TIM2_CH3 COuLD BE
EVENTOUT USED TO REPLACE U4$1
U1$LPTIML THE 74HCs98 74HC590
sz | A/D SAMPLE CLOCK cP 11 f e 0o |15 /2 U3.3 3.3
LPTIM1_CH1 s gggglzn . 4 u4$e
U3$1 74HC590
TIMER 23 CP 2 74L4UC1614 13 - 2 /8 3
TIMEQ’D%gz s A7 REEI%TER R |:'°°5
CLOCK Q3 3 £j§ /16 C8 L
U1$61 . 4__sa2 /32 AUF | T
sez | S L BUF _AUDIO BUF _AUDIO
GPIO_EXTI3 ENABLE - /64 = =
TRIGGER DC ISOLATION
) 144 o we |6 s128 /128
TRIGGER_IN ——=27 ouTPUT UL$ADC2 AUDIO Il ﬁUDIO BUFFER
PA3 — @7 |2 /256 /256 ST c45 OP-AMP INPUT
- Rg - ANALOG 1UF r22 L “ UIRTURL GROUND 1
u1$pP1A nR12 HESQ'I[’:ER RESEDTCD —- 3.3K % 27 " 16K I 4
1o T orszs T 7o A SUE-ALRIDS
e 16 | a1 7 ANA_CH -
s MR B A S FOLLOMER u1.65_BUF R13 1,VWL;17$1
RS LEVEL DIGITIZE THE N/A 1.8K R58 ''''100
16K = IN NOT ANTENNA_SELECT § R19 5 LA R13/R62 OPEN
3 TR STATE AT THE SAME 1K e RS8 1000hn
e TIME AS THE U165 1 R “ FOLLOWER (@dB) u17$a
J = CONTROL R62 GAIN = 1
$J-3524 RING BUF _AUDIO DATA “ LMU321 N/A 10K S
AUDIO 7P1 s §93 C%FSFSET R13/R58 INSTALLED
4 PBC03SﬁﬁN . LU ~ R58 1000 Ohm =
FROM RADIO I 0 | 73Lucte14 1ok | 2UF L o
—fr2  TIP 0.0 U6$oe — GAIN (6dB) .1ur U321
SLEEVE 1 2 = — e — R58 — =
1 \ - - f% EXTERNAL GAIN = 1+p7o - -
= SPEAKER
FOR TESTING, INSERT A = J9
SUMMING RESISTOR IN Iiu LMU321 8705430002
PLACE OF THE JUMPER 0 o)
AUDIO FROM (NOMINALLY 1K) = =
DAUGHTER CARD o o < +
(AUDIO/4.1D 1 1
- c2 sP1
_"% CUsS-1508
Jg/C2/5P1
NOT INSTALLED
WHEN USING
¢———ANTENNA SWITCHING GLITCH T v DAUGHTERCARD
AUDIO Mf W M
SN TN PCB1
CP __+___;_+____4__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\__/—_\_ CIRCUIT BOARD
| | | | | | | I I I I I I I
I I I I I I I I I I I I I I
I I I I I I I I I I I I I I
I I I I I I I I I I I I I I
I I I I I I I I I I I I I I
| I | | I | | ! ! I ! ! I I
ANTENNA | RESET | : : COUNTER : L/ | | | | N\ : :
SELECT o\ STATE \ | | RUNNING | / | | | | i\ | |
I I | I I I I I I I I I I I I
I I | I I I I I I I I I I I I
I T T T T T T T T T T T T
w N/ | | | | | | | | | | |
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SW3-KNOB R:J(;i:—ﬁes?lsa}(:i—f:? RIC11—3:.§LUL‘J.3;:3L$§<3—GSHT ﬁNﬁLOG "ETER E"ULﬁTION
Lol vy S S STM A/D ccu CENTER CW
SPK-012A U1$RDCH ANALOB SAMPLING BR-RED RED ORANGE YELLOW GREEN YELLOW ORANGE RED  BR-RED
ﬁNsénliZOG_ LTL-2413 LTL-4223 WP7113 LTL-4253 LTL-4233 LTL-4253 WP7113 LTL-4223 LTL-4213
S * 2.1V 2.0V 2.0V 2.1V 2.1V 2.1V 2.0V 2.0V 2.1V
_ ~ SL=10 ~ ~ | - - - - - - - - -
S S pia S WAL S gy = o ANA_CH 2 Ao 17 IMON/2.3B 6mA 6mA 6mA 6mA 6mA 6mA 6mA 6mA 6mA
oS RocRAMNED 16K T FGLR° 3 g6k T 10k ANA_CH + a1 -2 BMON/2.4B 677nm  629nm  6@5nm  586nm 567nm  5886m  6@5nm  629nm  677nm
(L l ANA_CH 5 @%; éf} 5MON/2.7B U5.0 U5.0 V5.0 U5.0 U5.0 U5.0 U5.0 Ub.0 U5.0
o < ANA_CH & A3~ 15 SW_P/2/5.4E |
7) LTL-4253 LTL-4233 LTL-4253 WP7113ND LTL-4223 LTL-4213
YEL 1o|GRN o YEL ~|ORG «|RED »/BR_RED
© 586nm <[567Nnm <[586nm <[604nm <[629Nm <[677Nnm
I £ £ £ £ £
- - LEDS4  LED$S  “ILEDS6  LEDS?  JLED$E  “ILED$S
¢LTL—42xx LOLTL—42xx \DLTL—42xx NLTL—42xx ODLTL—42xx mLTL—42xx
STH32 u1$Ps - _ _ LED_R4 =< LED_R5 <= LED_R6 =< LED_R? =< LED_R8 = LED_RS
GPIO ENC SpﬁRE GSB?B g Q by 475 Y 475 b 475 Y 499 ® 498 @ 475
60 —|-23 =
21", ENCODER_D 50 —oe =
° "1’ ENCODER_A 8123 L2
|3 ENCODER_B 82 L3
PB15 | 76 63 44 L4
o Pai1 [103
% zee L
%gs 9:8 LS
%gs 9§8 Lz
s -8
68 27 LS
e | LED$1..LED$S INSTALL
2 INSTRUCTIONS APPEAR LED$1..LED$S AND LED_R1..ED_RS ARE
23 4 ON THE PWA DRAWING A COMPOSITE PART THAT FORCE THE
[AUDI0/3.1D A DﬁC TEST __ LED ARRAY INTO A SEMICIRCLE.
P 16 LED 'nESISTOR MANUAL PROCUREMNENT REQUIRED
Na 100K DROP AS THESE PARTS DO NOT APPEAR
) ﬁwﬁi ? 15 350 348 CORRECTLY IN THE PARTS LIST
u1$DAC L L - Us.e  U5.0 1.6 348 340 TARGET PART NUMBERS APPEAR
DAC = c33 ci4 U5.0 e 33 33 WITH THE CALCULATED CURRENT
pAc D1 |28 47UF us L ohRE 1.9 310 309 LIMIT RESISTORS
il . n24 13 LM4871 ¥ 390 287
TR 2 dym2 1 TPh3eL S con | cie 22 280 280 DRIVE CURRENT SELECTED TO
o 47K N/ .47UF 2 10F | BAUF 23 gzg 28 WORK WITH THE STM32U5
2.5 50 249
= HoIN- M 6 = = INTRERNAL
SPEAKER
I P —vo+ 15P+ EXTERNAL
_L AW SPEAKER -+
c11 2-Byp MM 0705430002 1 02 1508
U1$P1B U —uo-—8 ISP= O2—In
B - o] s |or—
60 trar SHUTOOWN LAWWZ £ SHUTDOWN - o 10UFT o
o PEeTT R21 ? = INSTALL ONLY ONE
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1 2 \ 3 4 5 | 6 7 8 9
) ) ) ) ) ) ) 1 ) ) ) ) )
CONTROL PORT &
13§<« U1$USARTL
Ugj3 STM32
UART
42 10 TxD u3.3 u3 3
<! o
: oz [ Slug il j EXTERNAL MEMORY
3T5TL—2T3;§:ES$% 74LUC2617 *x MINIMUM FLASH SIZE 64Kb %%
somm T T LARGER SIZE MUST
RING Rx 0“” 74LUC2617 PROVIDE ”“DEVICE ID” COMMAND
= = TO ESTABLISH SIZE
DEVICE LACKING “DEVICE ID” COMMAND a3
DﬁUGHTERCﬁRD DEFAULTS TO 64Kb O
u3.3
V3.3 V3.3 V3.3 UL$SPIL uz2 L
INTERCONNECT u1gpac 3BT §1kb/256 RECORDS < R22
U5.9 ® J 18K y3.3
- D D 52 | co eP10 TxD —> Mos] 23 MOSI MOSI 5 1s1 4 so |2 MISO
- PB5 pa7 | 4 o
o+ Egi N Egi = Egﬁ : (NO ANALOG CONN> RxD <— MIS&;%I:ILS_O_ SCK S Mok
saL SQL CLK iscw 21 SCK SSox 19 ce
RXDO 100 U1$LPUART1 pAs| 40 - @ - c1
RXD T AWOR37 STHaz 550 — >ss (26 SSO% cO—=32d w > D PO O1UF
o TXD® | e UART P > >
RAAASTIFTY) 9 [ ¥ =
wo s, AUDIO mupio/4.4D]  R36 A i ar l
o6 26 [pey® = RxD MISO =
DB1$1 1:
DB_SAS18 -
DB_SA818
GND1 O]-fuxt
SEL ANTENNA_SWITCH/3.4A] OB
GND2 OH-Aux2
DB1$2 -4 $3
DB_SAS18 -
DB1$0
DB_SA818
REMOTE ANTENNA SWITCH CONTROL * LAveRs
U3.3 U3.3 u3.3
s 5 s p ANTENNA_SWITCH/3.4A] j TU“W j TUisW
i ) 4 4
€35 NI N
J1 102-73174-BSW Tox - .MUFI 74LUC2614 FI 74LUC2614 Q Q
CON_D9H ANTENNA SWITCHING MATRIX 1% paRT = = = =
. PRESENCE DETECT (2.5U) SW_P/2/4.5B] - - - -
: 15933 gﬁézszzs T T
2 SELECTx 1% pART 2.7V LIMIT
z e U1$P3
3 SEL_A2x* - 1 STM32
= 4[7
V.0 8 74Luﬁzgéz 2 | 5 GPIO
) SEL_A1x 1o T L3 2 |
. 7aLuczets s e
NO! [pee
c48 5 SEL_ﬁa* (<] J 1 = Draun Date The University of loua
JAUF 74LUC2614 W. ROBISON | sesze25 S sl AT
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/’3174-40

ICARC FOX TDOA RECEIVER PORT ASSIGNMENTS

15 14 13 12 11 10 9 8 ’ 6 5 4 3 2 1 %)
DORT JTAG | JTAG | JTAG | METER | METER |USART1 [USART1 | METER | SPI1 | SPI1 | SPI1 DAC GPIO |ANALOG |ANALOG |ANALOG
TDI CLK TMS L3 L4 RXD TXD LS MOSI | MISO | SCLK ouUT EXTI3 | AUDIO | SU_P 5MON
ANT
50 49 46 45 44 43 42 41 23 22 21 20 17 16 15 14
PORT ENCODER | ENCODER | ENCODER | ENCODER ANT_SW| DAC | RSUD | RSUD |METER | SQL | JTAG | JTAG |LPTIM |ANALOG | SPI1
B A D SPARE IN QUIET | 12¢c1 | 12C1 L1 TRST TDO ouUT AUDIO SS*
SCL SDA
36 35 34 33 29 62 61 59 58 57 56 55 28 27 26
0SC32|(0SC32| ASEL | METER [UART4 |[UART4 | METER | METER | METER | METER | ASEL | ASEL [ANALOG [ANALOG [LPUART [LPUART
pORT ouT IN AD L2 RXD TXD Lé L7 L8 LS A2 Al BMON IMON TXD RXD
4 3 2 53 52 51 40 39 38 37 25 24 11 10 9 8
PORT MR
ouT
54
PORT BOOTO 0SC | 0sC
ouT IN
60 6 5
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SELECT

a]%)
Al

A2

SAMPLING

SELECT POLARITY

SELECT POLARITY IS NOT CRITICAL
TO THE HARDWARE;

SOFTWARE MAY NEED TO KNOW

THE SPECIFIC POLARITY TO RESOLVE
AMBIGUITY IN THE ’‘LINE-OF-POSITION’
DIRECTION <i.e. FORE/AFT)

ANTENNA_SWITCH -> SELECT

SELECT IS DERIVED <DIVIDE BY 64>
FROM THE ADC SAMPLE CLOCK

SELECT MAY BE ENABLED FOR SAMPLING
OR IT MAY BE LEFT CONTINUOUSLY RUNNING

A A Drawn
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ICARC FOX TRANSMITTER DMA CHANNEL ASSIGNMENTS
73228-3

GPDMA Ch ©

USART1 Rx
HOST CONTROL

GPDMA Ch 1

ADC1 & DAC1
SCI & HSK

GPDMA Ch 2

SPI1 Rx
CONFIG FRAM

GPDMA Ch 3

SPI1 Tx
CONFIG FRAM

GPDMA Ch 4

LPUART1 Rx
DAUGHTERCARD

GPDMA Ch 5

UART4 Rx
STLINK PROGRAMMER

GPDMA Ch 6

UNUSED
UNUSED
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ICARC FOX TRANSMITTER ANALOG CHANNEL ASSIGNMENTS

/73228-3

ANALOG Ch @ | PCSEL
STM32 UREF %
ANALOG Ch 1 | PCSEL
STM32 UBATT 18
ANALOG Ch 2 | PCSEL
STM32 USENSE 19
ANALOG Ch 3 | PCSEL
FOX BMON 5
ANALOG Ch 4 | PCSEL
FOX IMON 6
ANALOG Ch 5 | PCSEL
FOX 5MON /
ANALOG Ch 6 | PCSEL
DAUGHTER SW 8
ANALOG Ch 7 | PCSEL
DAUGHTER PHOTO| N/A

DDDDD

W. ROBISON |

0000000

eeeeeeeee

The University of loua
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0000000

1111111111111
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AUDIO SIGNAL

ANTENNA_SWITCH

FFT SAMPLING
RATE SET TO
LOW FREQUENCY

AUDIO SIGNAL

ANTENNA_SWITCH

FFT SAMPLING
RATE SET TO
HIGH FREQUENCY

( ASSUME TAP-64 ON THE 74HC585

128 SAMPLES WILL EXACTLY COVER 2 CYCLES >

THE FREQUENCY BIN THAT COVUERS THE SWITCHING
FREQUENCY WILL BE WELL DEFINED AND INDEPENDANT
FROM THE AUDIO SAMPLING FREQUENCY

WE CAN UVARY (SCAN> THE SWITCHING FREQUENCY
TO MOVE THE ’‘BIN OF INTEREST’ AWAY FROM
INTERFERING PARTS OF THE SPECTRUM

(STILL 128 SAMPLES FROM ADC >

THE ANTENNA SWITCHING SPECTRUM IS LOCKED
TO THE DAC SAMPLING FREQUENCY (Z74HC5S80)
EXTERNAL SPECTRUM MAY BE EFFECTIVELY SHIFTED
BY CHANGING THE AUDIO SAMPLING FREQUENCY
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AUDIO SIGNAL

ANTENNA_SWITCH ~ \ ©.750KHz / \ / \ / \

FFT SAMPLING
RATE SET TO
LOW FREQUENCY

AUDIO SIGNAL

ANTENNA_SWITCH \ 1.000KHz / \ / \ / ; \ /

FFT SAMPLING
RATE SET TO
LOW FREQUENCY

AUDIO SIGNAL

ANTENNA_SKWITCH

FFT SAMPLING
RATE SET TO
LOW FREQUENCY

ICARC FOX TDOA SIMPLE ANALYSIS PLAN

I\ ! a\ N\ ! N\

\/ \/ —
|

( ASSUME TAP-64 ON THE /74HC585 128 SAMPLES WILL EXACTLY COVER 2 CYCLES )

1
I\ ! N\ I\ ! N\
1

- _J-— -

( ASSUME TAP-64 ON THE 74HC585 128 SAMPLES WILL EXACTLY COVER 2 CYCLES

I
N\ ! I\ VAN '[ I\ I\

1.250KHz / \ / \ / : \ / \

( ASSUME TAP-64 ON THE 74HC595 128 SAMPLES WILL EXACTLY COVER 2 CYCLES )

NOMINAL BUFFER LENGTH: 1024 SAMPLES

16 COMPLETE ANTENNA SHITCHING CYCLES

WE CAN EXTRACT 15 BUFFERS
(OR ADD 64 SAMPLES TO THE BUFFER TO GET A FULL 16>

AUDIO [ [ ) [ [ [ [ ) [ ) [ ) [ )
SAMPLE L L L L L L L L L
ANTENNA [ ) [ ) [ ) ) [ ) [ [ ) [
SAMPLE L L L . - L L L L
MINIMUM AUDIO SAMPLE RATE IS SET
WELL ABOVE AUDIO BANDWIDTH OF RECEIVER cose el [ gy [l s
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