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TENTATIVE

TCOTZ3BP FM/AM SYNTHESTZER TUNER PLL

TCILA3BY is O-MOS 18T newly developed as DL
for FM/AM Synthesizer Tuner and pairing with
C-MOS T8T TC9124AP for control which is a

different chip will make a biph porformance

synthesizer tuncy.

As soven intermediate frequencics (177 when
receiving FM signal are available around 10.7Miz
with the interval of 25 kiHz for TCRIZ2IBE conbined
with the prescalter TD6LUZP, it can be freely
sclected to mateh with the liiter te be used.

And since the L/§ frequency divider can be used
as the prescaller when ™M signal is received

by improving the speed of the programmable

counter, high S/N ratio can be obtained.

MAXIMUM RATINGS (Ta=25°C)

TC9123BP

STLICON MONOLITHIC

"CZMOS" DIGTTAL INTEGRATED CIRCUIT
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CHARACTERISTIC SYMBOL RATING UNTT
Supply Voltage Vi -0.3v9.0 v
| Toput Voltage Vi | 03 uvppt0.3 | v
Operation Temperature | Topr | 304 70 | ¢
“J;()Ti?(‘ .':E.‘emparat‘uro '[‘;g o N ;5.5 v [2; N °(
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TECHNICAL DATA

TC9123BP

FUNCTIONAL DESCRIPTION OF PINS

;([)N SYMBOL | NAME OF PIN DESCRTPTION OF FPUNCTION AND OPERATTON REMARKS
] GND GND Pin
2 7 Tl"" Mlnput piné TheSQNArena}git g}miﬁé“;hput ;ins.zg. Kquipped with
3 Ty of digit designate the digits reading the program | pull down
4 T3 timing data A through D. Ty is the least resistors.
5 T4 signals significant digit and T4 is the most
significant digit.
6 A Input pins input pins for receive mode setting Eguipped with
7 B of program data and frequency division data of the pull down
8 C data programmable counter. resistors.
9 i)
10 VL Loaé jhpuf Toput éin é}wreaJ Uommﬁggmfnr &;té A Eqﬁipped wifh
pin through D, When this pin is at 1" pull down
loevel, the data is read and when it is resistors
at 0" level, the previous data is
retained regardless of other dinputs.
11 Pout Outpul pin Pin fﬁr thé prugfﬁﬁahigugﬁunrer fréa
ol program-- quency division vutput. This is con-
able counter| nected to the prescaller for TF adjust-
ment oy for 150K shift of FME mode.
L2 PIN Imput pin of | Tnput pin of programable counter. Equipped with
programable amplifier
i3 -] Lopul piv of | When this pin is grounded, the frequency Equipped with
j::?:?g:y division of the programable counter pull up
ghift is shifted by -1 from the programned resistors
command value. (Activated only in FM mode)
1981 - 06 - 10 TOSHIBA CORPORATION FJC-TC9123BP-2
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TECHNICAL DATA

TC9123BP

PTN . B, T | Ty e - : .
NG SYMBOL | NAME OF PIN DESCRIPTTON OF FUNCTLON AND OPERATTON REMARKS
14 Sour FIU ping for] Gate doput and source output pins of
15 GTN Low pass source follower N channel MOS FET used
filter in the Jow pass filter amplifier.
16 Dy Output pins Cutpul pin of phase comparator, which is
17 {1, of phase connected to the low pass filter.
18 1.1y comparator Pin for cennecting extrernal CR which sets
the time constant of lock out detection.
Lock out output pin which becomes "L
during lock out.
16 Rout Reference Reference frequency output which pro-
frequency tdes 17.5 T o, d 1 kHz Ffor AM
outpul pin vides 172.5 kHz for ™M and 1 z for .
20 X Ping for Pin to connect 6.4 MHz crystal Equipped with
21 X1 crystal oscillator. feed-back
oscillator resistor.
g Power supply!l & 1 0.5 volts for MMu, 7.0+ 8.5 volts
22| Vpn , ]
pin . )
For 1My,
1981 - 06 - 10 TOSHIBA CORPORATION EJC~TC9123BP-3
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ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vpp=7.5V, Ta=25°0C)

TEST
CHARACTERISTIC SYMBOL 8&?5 TEST CONDITLON MIN. | TYP. | MAX.| UNIT
Operating Power Supply - 9 . c
Voltage Vi 7 9.5 v
e - — e e
Operating Power Supply Tpp (1) (_}'[*OD'IH“ h“td-]-}l INJV OMHzl — 12 20|
Curront T T P Connected to TN T mA
e Ton () X - X teMie - | 17 | 25
PROGRAMABLE COUNTER
Vyg=l.7Vp—]
Max. Operating Frequency MAY IN . P Viyp=/V 6 - - MHz
_ . _ R Note 1
| Min. Operating Frequency CIMIN | VN T e Note ] - | - 0.5| MHz
Min. Operating Input Voltage | VIN MIN Frvy =16MHy 1.7 - - | Vp-p
RETERINCE TREOQUENCY DIVIDER
Max. Operating Freduele Note 1,6.4MHz X-tal N _ -
ix. Uperating Frequency TMAX comnected to Xp—Xr 6.4 MH =z
CHYOLEVEL OUTPUT CURRENT
Rour Qutpue — - [Tod Rovr
Pour Qulput o | ToH_Pout
Do Output o liow Do Voi1=6. 5V -0.5} - - | mA
L Dutput o JTom Lp |
Ci, Outpur Lol CL
LTOLEVET OUTPUT CURRENT
Royr Output _[ioL Rouy
Pout Output Lo, Pour .
SOUT Butpus oL Uty Vo =1.0v 0.5 - - mA
Bo Output Lo, Do P
Lp Output TonL Ly |
DCOTRI-STATE LEAKACE (imuiT
Leakage WY Level | Tytg Do m I B LTS B B
Current YL Level L Do - - -0.1
CIN INPUT LEAKACGYE CURRENT
Leakage CHY Level  [T10H GIN| S N VLT RPN
Current "L" Level Tri1 GiInN - - -0.1
SOUT
[brain Curront 1ng ! EVGS:ZV ]~U 5 I - i—5.0 I mA
T Th, A, L, -1
qullmUpfﬂown Resistance RiN 10 - 60 k&
e e B S e S A Sty -
Iiput Voltage JHT Level | VIH O 6.0 D(P:E v
"L Level V11, -0.3 - 1.5 v
1981 - 06 - 10 TOSHIBA CORPORATION EJC~TCYL23BP~4
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TC9123BP
ﬁﬁ TECHNICAL DATA

Note 1: All temperature above is Ta = =30 v 7070,
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FUNCTIONAL DESCRIPTION OF EACH ELEMENT

1.
1

3)

2.
1)

2)

REFERENCE FREQUENCY DIVIDER

The reference f(requency divider consists of the crystal oscillator's
ampiifier for which 6.4 MHz X-tal is externally connected and the
frequency divider which gencerates the refercence frequencies of 12.5 kHz
for FM mode and 1 klz for AM mode by dividing the oscillater cutput.

The division ratios are 1/512 for M and 1/6400 for AM.

The divided output is Fed to outside from Raye pin as well as fed to the
reference input of phase comparator.

X-tal oscillation amplifier is equipped with bias resistor enabling to

complete the circult with simple external conmnection shown below.

-

PROGRAM DATA TATCHES

The data to set the frequency division ratio of the programable counter
in the receiving mode are serially and dynamically input from four input
pins A through » at rhe timings of four digits T1 through T4 in TC9123BP
and stored in the latches converting to 16 bit parallel data to control
the operation.

The configuration of data latches is as shown below.

1981 - 06 -
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3.  PROGRAMMABLE COUNTER

1) The programable counter is the frequency divider which can control the
[requency division ratio according to the program data supplied from
outside and has the configuration of 3 - 1/2 BCD digits (14 bits).

2}  Since the speed of program counter has been ifmproved for TC9123BT, the
1/8 frequency divider can be used as the prescaller for receiving FM.

3) There is the [requency difference equal to the intermediate frequency
between the receiving frequency and the oscillation frequency of Vgr
{local oscillator) since the local oscillator is controlled by PLL in
the receiver,
TCO1Z35P has the interval frequency division ratio shift function which
corresponds to IF enabling te use the receiving frequency data as the
program data for the programable counter and resulting simplification
ol total system.

The vffset values of frequency division for receive mode are as follows.

{981 - 06 ~ 10 TOSHIBA CORPORATION EJC-TCY1 23BP—7
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NAME OF MODE " OFF$ET VALUE O;ﬁ
FREQUENCY DIVISLION
",2\342 SO N - ;Fa;é;;_ —
AM;HW SR i __;asg... _
_— WW_EML_ S U ;107 -
.FMﬁ,, S WW+TO%_mmm.MW_,W

4)  The frequency division output of program counter is fed to the signal
input (5in) of the phase comparatoy and compared with the output frequency
of the reference f{requency divider.
5)  TCOUTZDBP has the froquency division culput terminal Poue of program
counter and -l terminal having the function of decrementing frequency
division ratio by one for any arbitrary program data, and the prescaller
TD6102P is controlled by utilizing these two terminals enabling IF fine
tuning during I'M receiving.
This operation is explained ivn detail later.
6) Since the frequency input terminal PTN of programable counter is equip-
ped with the amplificr with self bias, input signal is supplied via
capaciter coupling and proper operation can ke obtained with small amplitude.
4. PHASE COMPARATOR
The phase comparator iLs the element which compares the phase difference
between the reference Irequency divider output and the programable counter
output and controls VCO through the low pass filter to make the frequencies
and the phaseg of these two signals coincide.
1) Output of N0 terminal (Tri-state outpul of C-MOS)
a} When the phase of frequency devided output of programable counter
lags behind the reference [requency, DO output js held at "L" level by
turning Nch ¥ET ov during the period corresponding to the phase

difference.

1981 - 60 - 10 TOSHIBA CORPORATION EJC-TC9123BP-8

T ifn| >




INTEGRATEDCIRCUIT

WRZF  TECHNICAL DATA

TC9123BP

b) When it leads on the contrary, Do outpul is held at "H" level by
turning Pch FET on during the period of the phase difference.
c) o meither case, DO output is placed in high impedance condition by

turning both Nch and Pch off.

2y Output of CL and LD terminals

a) LD terminal is provided as a terminal to he utilized for muting, dtc
by detecting unlecked operating condition of PLL Joop.

b) A civeuit which is activated with high sensitivity by vibration of the
unit or by external noise is provided in the lockout detection circuit
to detect the condition that the phase difference cxceeds a specific
value to prevent dnterruption of signal. 1This value of phase difference
is set to r5.6° for ™M and £1.8° for AM.

¢)  CL rterminal is to connect CR bime constant circuitl externally which
establishes the time period from LD terminal falling to "L" level
releasing the lock to LD terminal returning to "H" level after locking
the loop asain.

T = 0.7RC

d)  Schematic of phase comparator portion.

from reoforoence

froquency divider = iy
IMrom programnbbo L »
COWn b s

Phinae compurator

1981 - 06 - 10 TOSHIBA CORPORATION Y EJC-TC9123BP-9
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3)  Source follower FET for low pags filter
a) TCUI23BP is equipped wilh source follower Neh MOS FET to compose
the active low pass filter and has GIN (gate input) terminal and
Sepur (source ourpet) terminal .
b)  This MOS FET compeses the amplifier with high input impedance
externally connecting NPN trangistor in Darlington configuration
and MOS FET equipped is the enhancement type which provides good

operating point.

RECEIVING BAND OF 'TC91230P

Basically, TCYLZIBP has four receiving bands AM], AM2, FMj, and FMy.
These receiving modes are selected by the external. program and in TC9123BP,
switching of phase comparisgon reference frequency and switching of frequency
division offset value of the programable counter are performed according to

the ingtruction.

Receiving in IME mode is also possible by mutual control with the

prescaller and this will be described in separate paragraph.

1981
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TC9123BP

L. OPERATION OF TC91235P TOR EACH MODL

Refercoce frequencies and offset values of TC91230P for the above four
modes are as [ollows.

REFERENCE  FREQUENCY DIVISION RATTO

HORE FREQUENCY OF PROCRAMABLE COUNTER REMAKRS
o AM] N ; O '3«;[17';7 ' ) N ' :” +[‘} 60 T o AM "l O Kz Step
”Aﬁé'mmmm”“m”j“o kﬁ;w B B __...NW;HH %.&59" R AM o i een
- le e s Hl/ ) UL ey B i v
ML 125 Momtd07 | M roreig
(Note) N : Actual frequency division ratio of programable

counter.,

n o Programmed frequency division ratio data.

L} Since the reference requency for IM is selecled as high as 12.5 kHz,
the high 5/N ratio has been obtained. The prescalier for receiving FM
is 1/8.

2)  Having 1 klz as the reference frequency for AM, fine adjustment of the

optimum receiving condition can be achieved.

PROGRAMMING OF TC9123BP

1. The program data which specify the operation of TC9123LP contain the mode
data deslignating FM or AM aund the data desigunating frequency division ratio
of the programable counter. All of thege are dynamically programmed through
four input terminals A through D.

The inputs of A through D have different meanings depending on each timing
of T] through T4, and are stored in the 16 bit Ilatches after being converted
internally to parallel form. The meanings of data at A through D for each

timing are as follows.

1981 - 06 — 10 TOSHIBA CORPORATION EJC-TC9123BP-11
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: TCO91238BFP
o
R = TECHNICAL DATA

T, o H TaooN Ty o H T~

A . . i \ |
1Dz P E H:e, | Nog 13: : !“}a
R O NP (P — Lo

T AO0C A0 200 100 Hh A4) 20 10 o A < il

—

: 1 1
(o
Da 1 Ba gy Ay
I i 1

SR | B Ty e - N A . "
X T hotsand o ®oHund red o
Al L digit HoTen’ wod P L X Doit”a di A

Sy e ——y

v
ey divicion ratio data for

et Len counbog CHCT Cavide )

v
Mol e ey H b g

el Lo o ts P

2. The operational wodes by data By, Ch and Dy are as follows.

name ok wobE | B, | 4 | b4

e el B
et B

- R

¥ Addition of 50 kHz in FM-E mode is performed by the coupled
aoperation of prescaller (TDOLOLP or TD6H102P) and TC9123EP.

3. The load signal input is the input which gives the instruction to read
the dota from terwinals A through D. While this terminal is kept at "1"
level, the data at A through D are read into the internal latch, and when
it is at "0" level, rhe previously read data are retazined without reading

anything regardless of Ty through T4 and A through D.

1981 - G6 - 10 " TOSHIBA CORPORATION EJC~TC91 23BP—12
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In order to prevent any exroncous operalbions of veading data at the timing

of switching 11 v Ty timing or switching data at A through D, it is

appropriate to apply Uhe

slgnal

shown below to the

load terminal.

|
!
f
i

4. Examples of program

As examples of programming TC9123BP, the data at through D at the timing

of T through T4 are illustrated for AML, 82.6 MHz and AMz, 1251 kH=z,

(1) My, 82.5 MHz

T, I T, T,
by Uy By Mg P e M oAg P €y By Ay
I 1 () 3! 0 i 13 I8 1 (,}‘I 8] 1 0 1

2 AMy, 1251 kHz
0 0 0 ] o | o 3 0 ) L 0 H 0 0 0 1

5. When TC91235P is used as the controller of TC9123BP, proper operation can

be achieved by simply connecting Ty v T4, A~ D and load without paying

special considerations on the programming method.

All of the operational

mode designations and the frequency data are controlled by TCOLZ4AT,

1981 - 06 - 10
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FINE ADJUSTMENT OF INTERMEDIATE FREQUENCY FOR RECEIVING M

Since 1F can be frecly selectred from seven kinds of +25, 50 and 275 (kHz)

around nominal 10.7 My in #M node for TCY123RP, receiving in ideal condition

can he achicved compensating variety of IF filters used.

This operation is achieved by the combinaticn of TCY91238P and prescaller

TDELOZP . Detail description of this method follows.

First ol all, basic principles which must be understceod prior to perform

this operation are described.

1) When Pour terwinal o 7¢9123Rp and +25k terminal of TD6102P are connected,
the local oscillator frequency is shifted by +25 klz.

2)  When 450k terminal is similarly connected, 1t is shifted by +50 kHz.

3)  Tf both of +25k and +50k terminals are connected, it is shifted by +75 kHz.

4) TF -1 terminal of TC9123RP g connected to GND {("G" level), the local
oscillator is shilted by -100 kHz.

5)  In the case of FMy, if the local oscillator frequency shifts by +4f,
IF becomes 10.7 — 4f and if it shifts by —4f, IF becomes 10.7 +A4f.

6) In the case of FMy, if the local oscillator frequency shifts by +4f, IF

becomes 10,7 +40 and if it shifrs by -4, 1F becomes 10.7 -4f.

As an example, the case having IF of [0.75 MHz in I'Mj, mode is explained.
Since T is to be shifted by +50 kHz, the local oscillator must be shifted
by —50 kHz according to paragraph 5) above. Therefore, keeping -1 terminal
at "0" to shift -100 kHz, Tour terminal should be connected to +50 kHz of
T6LO2P to shift 450 kHz. By doing this, the local oscillator becomes -100

+50 = -50 kHz and 10.75 MHz is selected as IF.

GT1IALL >
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3.0 Commections 1o select one of seven kinds of IF are listed below.

DESTRED [F - 1My, ) My o
(Miz) — (khz) TD6102P | pc91o3pp | TDELO2P TCY9123BP
FREQUENCY  [DEVIATTION | +25k | +50k | -1 +25k | +50k 1
e R il R e i P
e e T R e o e
T B S S S e
Sl O S R P 1 e
10.675 | -25 0| Vpp or NC | 0 | 0 G ND
10650 -50, 1 0 jvopor ne | o | GeND
T e R e o

0 indicates that Peut outpul of TC9123BP should be connected.

4. This selection of IF¥ is applicable only for 100 kHz spacing of FMj, and
FMy. In the case of %0 kHz spacing for European application which will be
described later, Pour output of TCIL23BP is controlled by contreol LST TCY124AP
and +50k terminal of TDOLO2P is utilized for the functicn to provide 50 kHz

spacing, so that 1F is fixed to 10.7 MHz.

Since the -1 shift operation is not performed even if ~1 terminal is

[

connected to "IV level during AM operation, the -1 terminal does not require

to be switched according to AM/FM.

APPLICATION FOR FME MODE (50 kHz SPACING)

The iinter station spacing of FMp for Japan and FMy for U.S.A. is 100 kHz,
however there are some areas in Europe with 50 kHz spacing. TC9123BP is equipped

with FMp mode to make itsell available for the receivers for these areas.

1981 ~ 06 — 10 TOSHIBA CORPORATION EJC~TCI123BP~15
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1.
1

2}

£))

The basic operationof TCOI23LP in PMp mode is as follows.
When the receive mode designation data By, G4 and Dy (B, C and D at the
timing of Tg)ol TCY123B0 are 1,1 and 1, the frequency division output
signal of the programable counter appears at Pyyr terminal.,
When 8y, C4 and Dy are O, 1 and 1, the frequency division output at
Pout terminal stops holding at 0" level.
Tt the frequency division output of programable counter is connected to
+50k terminal of prescaller, the local oscillator frequency is shifted by
+50 kHz and the receiving {requency also becomes +50 kHz accordingly.

(When the local oscillator frequency is higher.)

b 4 Uy [BFY Proat Hoceiving froguency

Bhifted hy 50k

Nao whift

If the [requency data is shifted upward fixing Bg, C4 and Dy = 0, 1 and
L, therefore, scanning is performed with {multiple of integer of 100 kHz]
and if it is shifted upward fixing Bs, €4 and Iy = 1, 1 and 1, scanning is

performed with [muliiple of integer of 100 kHz plus 50 kHz].

It By is changed to 0 having N for the frequency data, then Bs is changed
to 1 keeping N for the data, and then By is changed to 0 at the same time
as N is incremented by 1, and so forth, the recciving frequency can be

scammed with the step of 50 kHz inverval.

1981 - Q06
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By g Iy
’ I 0.0 LN SN RN iy {MHz )
0, 1,1, OO — OO O
i [ ORN! =SR] SN 0,80 Q045
. P Ty ™
T O e @ O Omrme—0 O-
|
- . )
Gk [NV ] [ENA ] I 90,5 S0LEy G4 590,45
i }\ My ) Y
i ' S L \_/ S
1 0 L 0O 8] ¥l ) 8] 1

TCOL24AP has the function of controlling FME mode of the above TC2123BP

Switches and Scan Modes /

circuit with combination of TCY9124AP and TD6H102P

Soan

Sean

Scan

[ N—

—

(ID Scan

(g) Scan

4, Ixample of actual
Facilitating to realize various operations.
TREI0RP
ot ["MW F ook T
(SN
,,._J
Peait
TUW ek
AmD T, L
o
TUY R4 o
[ -
B pe
(MW )
(Note) For operation of FME mode,
should also be referred to.
1981 ~ 06 - 10 TOSHIBA CORPORATION
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OFF OFF

ON OFF

Scan ON ON

®
©

the technical material of TC9124AP
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APPLICATION CIRCUIT (e out)
[ S S S Ml‘)\ i 7VQ VO 3019

=
—

KL

7T

d) GM PH oue
+VYan

Mt ing ?

H J I)U

50000000

TOl2d Bp

©
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