2. THEORY OF OPERATIONS

2,1 PLL Block
The FLL block comprises a VGO, TCXEG, PLL 1, ard PLL lcop fidar.

The VGO circuit ganerates the transmiassion signal and liest local sigral disecily,
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Figure 2-1 PLL block diagram

1.1 Pragrammable Divider

The input oscillation signal is fragueancy divided by the
prescaler uging & delermined division ratio {1/64 or 1/65).
After this, the oscillation signal is input 1o 8 programmalle
divider buill inta the PLL 1G, Based on the data from
microprocessor LD, the programmable divider
frequency divides the oscillation signal frem the YOO 1o
1M 12 ganerale a compadsen frequency (fp) of 12.5 kHz.

2.1.2 Reference Divider

Tne raference divider iz & circuil thal goenerales a
raference frequency {r) of 12,5 xHz based on dala from
ricroproeessor QL. The 12,8 MHz referance osciflation
signal from the TCXO XPO1 passas throwgh pire 1 o PLL
IC QP04 and is input 1¢ tho rélesence divider built into the
PLL IS, The 12.8 MHz reference oscillatian sigral is
fraquency divided 1o 1/1,024 1o generate a relerance

fremquercy of 12.5 kHz.

21,32 Fregueney Stabliity Cleouit
The PLL frequency stability is dedamnined by the inharent
design of ascillatar TOXD XPO1. This ascillator circuit
ges a highly stabilized, temparature contrdlled crgstal
oscillator which prevents the magimum frequency

wvariation fram gxgeedng £ 2.3ppm.

#1.4 Phase Comparalar
The phase comperstor compares the comparisan

frequency (fo) and the reference frequency [fr) 1o
daterming the phass differenca.

2.1.5 Charge Pump
The charge pump circuit charges and discharges the
alectrical chargs atcumulated in the PLL loop filter |
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2.1.6 PLL loap Filter
The PLL loop fifter CR integrates the level sigral (Square
wave] oulpat frgm the charge pump, comeerdiosg it into 2
DG voltage.

2.1.7 VOO Cireuit
The DG valtege outpul by the PLL loop fiter is input to a
variable capacitance dicde built inta the VCO. This DC
voltage changes the capaciance batween he eledinedes
af the vanable capecitance diode, theseby contralling the
pscitlamon signal of the WCO,

2.1.8 Unlock Detect Circult

The microprocesser QLOT {pin 47) determines whethar
the status of the PLL cireuitey is leck ar unlock aceording
p o the oulput level (high or fow) frem pis #4 af the FLL LC.
i

o 2.7 Receiver Block

If the phases comparalos Duilt int.:ut1ha PLL 1G datects no
phase difference [PLL circuil locked), it produces a high
level oulpul. This high level outpul signal is tnput to an
unlock switch OF08, causing it te turs on, When tha
unlock switch is on, & low tevel autput Sigeal i3 inpat to Ein
47 of microprocessor QLT The low leval input Causes
misroprocessor OLO2 1o determing that the PLL circuit is
locked.

If thera is a phase dilference [PLL circuit unlecked), the
phase comparator produces a low laval outpul, This low
level autput zignal is input the valeck switch QFOE,
causing it to furn oif, When the unlock switch is off, a high
level oulput signal is input to pin 47 of microprocessar
CLO1. The high fsval inpul sanses microprocessar QLD

ta determine that the PLL cincuit 5 unlocked.

Tha reception methed is double-conversion superhatercdyne with a first IF frequancy of 44,55 MHz (Lower) and 8 second IF

frequency of 455 kHz [Lower), The recaiver Bleck comprises an RF amplifier circuit, lirst mixer cireuit, first [F armplifier circuit,

gecond IF circuit, &and audio circurt.
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Figure 2-2 Recelver block diagram

2.2.1 RF Amplifier Circuil
The receplicn frequency amplified by agpradmately 20 a2
by RF amplifier QR02, afles which i1 3 input to a band-pass
filtter congisting of LFO4, CF10, LFOS, CFi2, CR13, LFDE.
CF14, CF15 CF15 and LFQ7. A1 this point, unwanted
irequency elements remaved by the tand-pass lilker,

2,22 Firat Mizer Circuit
The recaslion frequency (iRx) is mixed with the lies? lacal
signal (feco) from the VGO by first mixer QF03, and first
iF signals congisting of heir difference are genedaled.

R - oo = 4495 (MHZ)
frx  : Aeception frequersy
fecer  Firgt kaeal signal
2.2.% First IF amplifier Circuit

The First IF signal is applied to crystal filters FHOT and
FHOZ b improve the selectivity and attenuate undesired
hiedeeddyme Procucis.
After being amplified by approximately 20 dB by liest IF
ampfifier QHO1 and QHOZ, the 4455 MHz first IF signel is
input to pin 20 of second IF 3G QHDD.

YAESU MUSEN 0. L
FCC ID: K66HX2920T o

EXHIBIT #; — =4



2.2.4 Second IF Circult
The second IF 13 comprises a second local ascillator,
second rmixgd, second IF amphifier, wave detectos, noise
ampatiers, and noise weve detecior.
The first IF zignal passes through pin 20 of second |F 1G
OHC4 and s inpul to the second miger bt inle QHDA.

tha first IF signad is comeerted info a 455 kHz second IF
gignel. After having adjacent signal alements aliminaled
by carzmic fiter FHO2 and FHO4 (6 ¢B barshwidih £5.0
%Mz or greater), the second IF gsignal 1s converted into an
audio signal by the second IF amplifier 2nd a quadralure

wave detectar.

Thix lirgy |F ﬁ.lgﬂal and seasnd locel signal ane mixed, and
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Figure 2-3 Second IF circuit block diagram

2.2.5 Audio FilterMNalume Control

The audig signal detected by the second IF slage passes

through a 300 M high-pass filler in sub audic IC QS01,
Lpfm:h remewes any CTCSS and low spead I:-:.:.-rﬂrnl {eres from

n."ua recowerad audio, ard is then presssied 1o pin 7 of main

audic IS QMO Inside QMOT, the received signal passes

through a de-emphagis drout 2nd then through an elecionic
variable resisior to control received avdio wolume level. A
vollage generaled by AF wolume confrol W20 is appiied 1o
milzraprocessar OLOT pin 40. Based on this waltage, QLOY
contrels the satlings of elecenic vanable resistor in GMOT,
Trwz received awdio signal © output from pin 21 of QMO
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2.2.6 Squelzh Circuit
A partaan of the audio signal oulput from gin 11 of secend
IF IC ORO4 is input to 8 band-pass filter Sonsisting of
CH18, CH14a, CHZO0, RH10, AM11 and AHI1Z, Naige
alemanis arg exleacied rom e audio signzl by the band-

2.3 Transmitter Block

pass flter. The ocise signal has approximately 40 kHz
elements anly amplified by & noize amplifier built inte
DIHOS 1o generate the squelch signal. This sguelch signal
9 converted inte 8 DG signal by 1he noisée wdee detecdor
built info QHOS, GH0E and thes oulput o pin 32 of OLOT.

2.3.1 Microphone Amplifier (Modulation limiting and Rell-Ot filter clroult)

Audio signals from the micrephone acs presented on OS03(pin 3} When the MIC muta signal from QLOT pin 29 culpul Legh:

High, the Micrephoos audio i$ routed to mein sudio IO GMOT. QMOT comtains ar amplifier, pre-emphasis deewt, lmiter and roll
alf filker ang Moduiator dhver to both WCO and PLL referande oscilliatar, The incoming signal is first amplified and then applied

1 & pre-emphasis circuit which boosts the frequency response between 300 Hz and 3 kHz by § 4B par odlave, And next, the

firniter mainiains e audio level such that the deviation will not exceed the maxirum deviatien | 22 5.0 kHz or &= 2.5kHz).
Finally, the roll off filter attenuates frequencies above the 3 ¥Hz limit. The audio is then output from QMOT pin 22 10 the VOO

and pin Z3 to the PLL relerence ascmlstor XPOT).
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Figure 2-5 Microphone amplifier circuit block diagram

2.3.2 RF Power Amplifier
The output of the VOO k= presertad 1o butfar amp QP2 and
than to RBF switch QPOT, Dicces in QFDT act as a TARX
owiich, 55 that during bransmit mode the YOO output is tha BF
carner freguency and during recaive mode it s the st IF
irpection frequency, From the TXORX swich, the RF signal is
Lo, Ampiified 10 appraximately 1.0 miW by e BF amplifier T,
N and the AF signal is ampiified to approsimately 5.0 W (High
Powa], 2.3WiLow Power} by RF ocower madule T, The
output of OT01 is presented o low-pass filter consisting of
ICFOT TR0, LFOT f0 LFOS], which etteruates urwanied
harmonics and spurious radiation. The AF oulpol to the

antenng at this poind is approdimataly €.0 (High Power).
200 Lo Posarer).
2,23 Automatic Pawer Cantrol (APC)

The auvigmalic power contral i compasad of OTO6QTOE,
Q0. OTOA and associated companents. A partian of the
irwsmmitied BF cutput i3 sampled by RT12. The msult signal 1S
input to 0TS Pin 2 and causaes the Power control sigral of the
T by coeircing the Power sefting signal from the Aralegue
ig Digital Convertar QP13 Pind which controlled Dy
Microprocassor QL0 with e $lored data at SEPRCH JHL02,
The Power contrgl ignal is cut from OTOE Fin7 and armgsilied by
CT0E and then nput 10 GT0T a5 the Powsr control ssgnal.
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Figure 2-6 Transmission cirguit block diagram
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CONTROL CIRCTITS

Microprocessor

The system microprocessor, QLO1L, processes or controls abl funcrions of radio,

Key Assignment

ey assignment refers to the method hr which microprocessor QLO1 determines which
external key on the radio was pressed.

Kays monitorad by the microprocessor. the microprocessor pin monitoring the line, and
name of the monitor line, are shown below:

Fixed functional Kevs

QLo Fin #20 #41 #42 i1
SHIFT F1 F2 Kay Pad
]
(*11 ; Key matrix operation QLU #78 to# 7% and #72 to #73
{721 : Optional Keypad CEP290
Programmable Keys by PPS
QL0 Pin # #21 29 #74, #72 #79, #72 #73, #73 #73, W73
AL ALK H H 5 5
I Sinift mode Im Shift mode In Shif mode
A — Fixed i Frxed Ll
HOME AN
ITA — - i ¥ v
T TRANSFOND - = ¥ ¥
"PHOME k] Y ¥ ¥
| MOHITOR ki ks T i
HIL b k) ki i
| MET i Wy ¥ b
Hezat

Switched +7_2Vde s applied 1o GC03Mwhich produces ALL+#3V), and ALL +5V is applied oo

resed [0 QLS
QLT pin #1.

Memaory

A logic low reset pulse generated by QLOZ s applied to microprocessor

(1) EEPROM QLO2 has 16k byres of memory, and stores adjustment and backup data, such

a5 B0OAN list,

(2 FLASH Memory included QLO1 stores the radio control software, channel and operation
feature data programmed by PPS These information can be easily written into
memory by external equipmert.
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LCD (Liguid-Cryatal Display)
LCD driver QDOL is controbled by miceoprocessor QLOL Data controlling the LCD consise of
12 signals: DB to DR7T, Reser, R3(resister select), RW (read or write} and E(Enable). The
pin wonneetions are shown below:

DED 10 7 Resaet ES AW E
aLot #ET, #5H BEB #63 #54 255
- HEE, HES
#an, wa1 |
#O0, #21 ]
QDo | #4410 #51 | #40 ] E¥ T =43

LCD Contrast

The LCE contrast eivenit includes QLO1{microprocessor) QP 130 14) (ADC; Digital to Analog

Converter) and QDOL (LCD driver). Microprocessor QLO1 contrals the DO output level of

GEF13 ADC pin #4 via serial data bus (QLOL pin #12, pin #18), And the controlled DO signal
15 supplied (o QLN01 pin #38 as the contrast control signal.

SIGNALING

DTMF{encoding)

[FTMF signals are produced by microprocessor GLO1 (844, #43). The DTMF signals pass
through the amplifier QMOZ(1/2) and are then supplisd to the filier and amplifier ceroutes of
andio processor IC QMO1. The signals are supplied to the modulation eireuits of both VOO
and TCXO, (Refer ro description of transmitber)

DTMFidecoding)

DTMF signals are demedulaced by GQH4 from the recsived signal, And the received DTMF
signals are supplied to QS07T (DTMF receiver) pin #1.  The §@807 detects the number of the
LTMF signal and communicates with microprocessor QLOT a3 shown below:;

-

" STD a0 ACH D

| sgnal detact | seral datn | acknewladgs | Power down
QLT =iE i #ad i
0507 e #10 27 w2
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CTCSS Eeneode

CTCS2 tones are produced by signaling audio processor [C Q501 Twpe of signal is
determined by the serml data form meroproceszor QLOL After level adjuscment and
remaval of higher harmonics components by zignal audio proressor 18 Q801 CTCSE tones
pass through the LPF in Q201 and Q501 pin #3 and are applied to audio procesacr GMO1
pin #18. The CTESE tone then passes through the amplifier in QMO snd exits on pin 22
and 23, From there, the tones are applied to the modulation cireaits of boih VOO and TCXO.
(Kefer to deseription of trensmitier)

CTCSS Decode

A voice signalireceived audio) contaming CTC3S tones passes through amplifisr G506 and
15 supplied to G801 pin #10 and #1686, The voice signal containing CTCSE tones and is
passed chrough a t82E0Hz LPF{Low Pass Filter) in Q301 o allow G501 pin #17 to output
only CTCES tones.

The CTCES tone gutput from Q5801 pin #£17 15 applied o the multiplexer Q&0 pin 212
Then cutput form Q504 pin #14 and is again applied to Q501 pin #14. The tones are
amplifiad, exit ac pin #13 and re-enter at pms #19 and #20. At thes fime, the tones are |
analveed for [requency eomponentz.  Any such detected frequency components are
comverted into serial dats in G501, Anyv such detected frequency componenis are converted
inlo zerial data mm G801, and output on ping 4,567 and 8 1o microprocessor QLOL When
rereives correct LTOSS tones from the antenna, QLOL clears the asudio mute mode Dy
conteolling AF mutbe.

DCE Encode

The DCS signal iz out from signaling processor G501 pin #% after level adjustmane. The
type of signal autput s determined by data outpur from microprocessor QLOL Any optional
DCS produces a DCS signal ingide G501,

The signal from QS01 pin #9 is applied to audio precessor GMOL pin #18. The DS signal is
amplified in [C QMOL, and exitzs on pinz #22 and #23. From there, the tones are applied o
the modulation circuits of both VOO and TCXOD, (Refer to daseription of transmitter )

DS Decode

A voies signaliteceived awdio} containing DCS signal passes through amplifier @506 and is
supplisd to Q801 pin #10 and #16. The voice signal containing DOS signal and 15 passed
through a [80Hz LPF(Low Pass Filter) in G801 to allow @501 pin #17 to output only DCS
signal.

The DCS signal curput from G501 pin #17 is applied to the multiplexer Q504 pin #12. Then
output form Q504 pin #14 and is again applied to GS0L pin #14, The signal iz amplified,
axit at pin #1535 and re-enter at pins 219 and #20. A this time, the signal are analyzed for
DCS eode.  Any zuch detected frequency components are converted into serial dara in
GECL Any such detected frequeney components are converted mnto serial data mm @501, and
putput on ping 4,56,7 and § to microprocessor QLOL When recetves correct DS signal
from the antenna, QLO1 clears the audio mute mode by controlling AF mute.

LTE Data Control
The LTR system 15 trunking method designed by ET.Johnson Inc. The signaling rate is
A00hps The sienals pass through the same circuits as the DOS sipnal described provioosly,
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2TONE Decode

The received Z-tone signal passes through amplifier @306 and is supplied to G801 pin 210
and #16. The received audio 5 passad through a 300Hz HPF(High Pasa Filter) in Q501 o
allow GE01 pin #11 to cutput enly 2-tone signal.

The 2-rone curput from Q501 pin #11 15 applied co the multiplexer G804 pin #13. Then
cutput form G504 pin Z14 and 12 again applied {0 Q201 pin #14. The tones are amplified,
exit at pin #15 and re-enter at pins #19 and #20.  Z-1one signal is output from G301 pin
#21 after converting Logic signal Square wave) by an amphifier in 9501, The square wave
iz applied to microprocessor GLOT pin #23 Microprocessor measure the 2 tone frequency
and detacts the kind of 2-tone code. When receives correct Z-tone from the ancenna, GLO1
clears the andio mute mode by controlling AF mute or ringing.

YAESU Mgy
FOCID: kg €0, LTp,
EXHIB HX290m

IT #:



HEZ232UT Microprocessor GLOT PIN Discription

PIMN # |3IGNAL NAME S ACTIVE Funetion
1|RES ' | LD [Pawer on reset
2IXTAL { - Svstem clock cacillater | 4032MHZz )
JIEXTAL L - Systam clogk oseillater { £032MHz )
4[Wec | - Microprocessor positive supphy | +5V ]
26D I HI Speciied MPLU apgeration mode
MO0 | LD Specifled MPU ocparation mods
7| NMI { LD [MNot used
S{STEBY | LD Mot used
AVec | - Microprocasser positive supply [ +5V )
i 100K SHIET | Q Hl  |Clock { XL01) shift control output
i 11}—— I 0 HI Mot used
| 12[0 SCL o] - Sarizal clock cutput te EEPROM (QLIZ2) » DAC (QP13)
13188 PWH o LD |Contrel autput to Power supply of Basa band circuit { If BUS eleek) |
14{BTT SW | Lo FTT input
e | = Magative sround
1810 S0A o = i Serial data Input /Output to EEPROM (OLO2) 7 DAC (QP13)
17iCLK OUT 0 - Clock autput to Sase band circuit [(QMO1)
L.’I 18{0PT SENT I LD (Mot used
i TOIWIDENALLOW 1 © - Charnel space Wide or Narrow selection sutput
JOKEY Allx2 L - SHIFT key input
21|KEY ALK | ~ TAUX key input
22| 2ZTOME SW (1] - 2—tone decoding control cutout
FIDET BTONE | - Recaption signal [2TOMNE/DCS/LTR] inout
24 [FWH_SW i - Mot uzed
28|TRDARX NRZ [ - Mot used
2B TAPOWBCONT { H Transmitter gower supply contral output
2YLAMP CONMT | O HI LCD, KEYPAD backlight contral output
2B8|0FPT MUTE [ Lo Cptional AF mute autput
23 IMIC MUTE o Lo Microphone mute contral sutput
SOPLLFCWBCCONT o Hi PLL power supoly control output
I EXPOWBCONT (W) LD |Heceiver power supply control output
i 32IDTMF 5TD | HI DTMF recerver signal detact input
| A3IDTMF =D | - DTMF reception 4bit serial data input
J4{DTMF ACK [ - DTMF receiver control (4 bit serial elock] autput
J5|DTME PD Q JHI DTMF receiver power down contral autput
.Lv' 38[AVref | - - ADGC {Analeg to Digital Converter) reference input
I 37 AVeo | - ADD positive supply input
{___38IBATT CHK ASD - Battery level input [ADC)
39 5GL WS A - Moise squeleh level input (ADC)
40|VOL AF ASD - AF volume level input (ADC)
41|F1 KEY | - F1 key input
4Z\F2 KEY | - F2 key input
JHIMNT CBS 1 = C=BUS cortreol input [ Interrupt request from @501)
b d4IDTMF ENCH D/a - DTMF encading Hl TONE sutout
45|DTMF ENCL ) - DTMF encoding LO TONE cutput
46| AVsas | - Analeg ground
4TIUNLOCK I L0 |PLL unlock mput
43|PLL 5TE (1] L FLL IZ { QP34 ) eontral autput [ ztroba b
[ 48IFLL DATA { = PLLIG { QP04 ) control output | serial data )
| S50{BEER 0 - BEEF output
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HX292UT Microprocessor QL0 FIN Discription

PIM # [SIGNAL NAME | 170 JACTIVE Function
51|PLL CLK 3] 1 PLL IC { QP4 | control output { serial clock |
52(LCD POWE [ Lo |LCD driver power supply control output
RAlLCD RS 0 LCO driver control output { register select )
RdtLCD RAW 0 - LCD driver contral output { Hl =read :LO Swrite)
SRILGD E i HI LGD driver contrel cutout { Hl : enable )
¢ 56|LCO RES 0 L0 |LCD driver contrel cutput( Reset J
i ST7(LCD OBY 1503 - LGSO driver DATA #7 input/output
58|LCD DES 1£0 - LGD driver DATA #6 input/output
59 |Wee I = Migraorocessor positive supply [ +5V )
GOIROT W4 | = Ratary salector switeh { SW1T ) input #4 7
BIIROT SW3 I = Ratary selector switch { SW1T ) input #3 *"]
G2IROT SW2 I - Rotary selector switch { SW1T ) input #2 BIHT Input
g3lR0OT SW1 [ - Raotery selecter switch { SWI1T 1 input #1
a4 |LED TX o HI TX LED contrel output
ga|LED BUSY ] HI BUSY LED sentrol output
A6[AF MUTE] Q0 LD |AF mute . contral #1 gutput (AF main amp. GAGT)
67 1AF MUTEZ o LD |AF mute control #2 output [AF Pre=mute )
g er.CD DBS L1/ - LCD driver DATA 25 input/autput
v EY[LCD DB4 Ffn] - LG0 driver DATA 34 inpubd output
10 Was I - Megative ground
IRIVE: I - Megative ground
TAKEY 20N { HI ey matrix output #3
TIKEY SCN2 O HI Koy matriz output #2
TAKEY SONE 2 Hil Koy matrix output #1 |
TS [KEY SCNO (] HI Key matrix output 20
TE|KEY RET2 I - Koy matrix input #3
J7[HEY RET2 I - Fewy matrix input #2
TH|KEY RET1 I - Ky matrix input #1
JOIKEY RETO I - Key matrix input %0
gajLCD DB3 7] - LoD driver DATA #1 inputy cutput
a1iLoD DEZ /0 - LGD driver DATA #2 input/cutput
S2PLLS TR NREZ " = Mot Luzed
83{POBSFLT CNT 9] Mot used
B4|TD/MARZ TR o - Mot uzed
SiMERE [ - Mot used |
_____.Elm’ FRE o - Mot used A
_ BT | - Mot used |
[ "aa[ROT | T INot used
{ a9ioPT SEMZ I - Mot used
. 80JLCD DB /0 = |LCD driver DATA #1 |nput.-"ﬂ-utput
| g1iLzD DED 10 - LoD defver DATA R0 |r:|:r1.|t.-"-'ﬂL.l‘I:put . i
g2|Vss i - Megative ground
. oaloLk oBRS o - C~-BUS control output ( f.:ln-::
| 54]CMD GBS C - C-BUS eontrol output (command ]
45|{CS CBS 0 L |C-BUS sentral outout (chip select) —
ga|RPL CBS I HI C~BUS contrel input { reply ) i
§7|{TXD o ~ UART = Serial data cutput {send)
a3 [RXD I - UART- Serial data input [receive)
29|200T 0 - Systam control (enable BOOT model
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