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C- MOS LSI 'FOR STATIC TYPE DIGITAL TUNING SYSTEM

TC9137BP/BF are LSI for PLL syntheslzer type

digital tuning system with PLL circuit and_confrol

_circuit centralized”into one chip.

_The static,éystem'has been employed atxtﬁe 1/0 -

unit for performance improvement and design N

simpllflcatlon. L - o .

. PLL c1rcu1t and control circult have been
comblned into one Chlp.
. Operatlng keys, frequency display and various

operating displays are all of static type.

". In 2 bands of FM/AM usable throughout the world -

" including Japan, U.S.A. and Europe.
- Simultaneous display- of receiving frequency of _

linear scale type by LED.lamp and digital

Unit in mm
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‘Lead pitch is 254 and tolerance is
+0.25 against theoretical center of
each lead t.:hat' is obtained on .the basis
of fa1 and f54R leads,

JEDEC —

display by a 7-segment display are available.
TOSHIBA ~6D4RA—P
4+ Built in LED drivers.
) : 035 - 4
- The preset memories for 6 stations of FM/AM B o A8Pith
have been stored. ) T ’ HHHHEBH ééﬂ‘—*‘————————'
. Prescaller IC TD6104P is of swallow counter é o
type and reference freduency has been set at .
. . (==t N 22 ==
25kHz. — ==
=T P 3| o
=] = J| §
. [—-- P— o} o
MAXIMUM RATINGS (Ta=25°C) = —_ %
—x] pr— A
CHARACTERISTIC SYMBOL | - - RATING UNIT = “ 12—
Supply Voltage vop |  0~6 v L s ' o
Input Voltage o vin o | -0.3~vppt0.3 .| v Hﬁﬂﬂﬂﬁﬂﬁﬂﬂﬂ :
. - -lcos -
Output Voltage = Vout - -0.3~Vpp+0.3 |V 140401
Hi~H5 Output Current | Ioyr(w)| 30 mA (182103)
— —— | ¥ N
L1~L4 Output Current | IoyT(L) -30 mA . : 21+08 3
Power Dissipation Py 800 (300) W E’: “(@s) 5
Operating Témperaturg Topr -30~75 .| °cC 3 ( 5 T
Storage Temperature - | Tstg -55~125"" °c 1 0] D
- . . 152403 o
Shown in ( ) is rating of TC9137BF. ] slg
I . - . JTEDEC )
¥ ’ T F44DA—P
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'PIN CONNECTIONS
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SWITCHING

FREQUENCY K ’ s PHASE
:08C ——DIVIDER PROGRAMMABLE, COUNTER
: " |z5xHz 9xHz o - COMPARATOR
10kHz . l
I -
' IF OFFSET CIRCUIT MUTING
BAND SWITCHING - BT uoTiNG

!

¥ TUNING CONTROL

“CHANNEL CONTROL

. LAST OCHANNEL
MEMORY

"MEMORY CHANNEL
-CONTROL LED
DRIVER .

MEMORY . READ /WRITE CONTROL

" RAM

( PRESET -MEMORY )

.| IINEAR BaR
DISPLAY
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DRIVER .

DIGITAL
DISPLAY
DECODER
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ELECTRICAL CHARACTERISTICS

(Unless otherwise spec1f1ed VDD—S OV Ta=25°C.)

CHARACTERISTIC SYMBOLlpetey| ~TEST CONDITION | MIN | TYP | MAX |UNTT
Operating Supply Voltage- Vb I - %45 ] 5.0] 5.5 v
Operating Supply Current Ipp FM Mode fry=4.0MHz - 3.0 | 5.0 | mA
Memory Backup 7Voltage Vpp B R . %2.0 5.5 v
- L Ipp Iy Vpp=5V, INH=0V - - | 30 | pa
Supply Current at Inhribltr Iod Ip Vpp=2V, fﬁ=0V - = 10 WA
X'tal Oscillation Frequency {fx"tal - |x - 7.2 | - |MHz

Operating Frequency fru Vin=0.5Vpp *2.0 n 4.0 | MHz
M - - ——

In | Input Amplitude VEy £5,2,0v4.0 MBz  [*0.5 | ~ |Vpy | Vpp
AM Operating Frequency fAMV Vin=0:5 Vpp' *0.9 LY 2,1 | MHz
in — - —t —

| Input Amplitude Vay £1470.972.1 MEz  [%0.5 [ ~ |vpp |Vp

Propagation Delay Time . . -

PSC - Between FMIN tpd CL:lpr’ Vin=0.5Vpp * = - 200 nSec

Maximum Load Capacity| Cy, - - * - 15 | pF

111,. Oatput Currentl"H"Level Toy H |- Vou = 4.0V 15 20 - mA
Hy | Leak Current at OFF |I; H | Vou =0V = | - | 1.0 |ua
- g JOoutput Current|"L"Leve1 Ion L Vor, = 1.5V 15 | 20 - mA
t| L4 | reak Current at opr |IL L VoL = 5.0V - - ] 10w
3 He} Dutput Current ["L"Level | Ig, M VoL = 2.0V. 15 | 20 - |ma
| Mg |- - - -
;,_!} 8}'55 Leak Current at OFF |Tj, M VoL = 5.0V - - 1.0 |HA
g A ) = .
& D01 | Output "H"Level | IozDO Yon = 3.5V 06101 - |m
0 _ .
45’ PS(Z; Current 7"L"Leve]_ IOLDO VOL = 1.5V 0.6 1-0 - mA
g ) _Leak Current at OFF. | I, DO s - - 0.1| vA
11 - .
Mut "ty - 1 g oYa = L
H 1 P A = 3.5V 1.0 3.0 - mA
pee | output Level | “0H o 3 "l
g%% Cl%rrr'ent? "L"Leyel Ig;, P VoL = 1.5V 1.0 3.0 - |mA
INE | "H'Level | Vyy 1 - 400 & | vpp |V
1 - ks
|8 [TEsT| et Voltase Syl v 1 - o ~ | 30fv
g Other | =~ : : S
: S an Input . - |"H"Level |VIg 2 = 3.5 v Vpp | V ..
& | Inputs| Voltage fupupove; |y 2 - o ~ [ 1.5]v
2 . \
;5 Input Leak Current I11; K -~ - - 10 | vA
“Input Pull-up Resmtance Ryp - 120 | 330 [750 [k®

“Note 1:
~ Vpp=

~30 % +75(°C).

_The items marked w1th asterisks guarantee all the conditions of-
4.545.5(V) and Ta =

'J‘iAUDID DIGITAL IC":'m":
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" FUNCTIONAL EXPLANATION OF EACH TERMINAL

No.s of TC9137BF

Those shown in ( ) are terminal

NO. SYMBOL

FUNCTIONAL EXPLANATION

REMARKS

2,3 | Xr XT
(19, 20) :

Reference frequency crystal oscillatof connect-
ing terminals. = ) ‘

X'tal 7.2 MHz Oécillaiion is stopped at
o gime of INH=I,

With a built-in

feedback resistor

4,5 B1 B2

FM/AM band selecéﬁr input and FM IF fine

adjustment and selector input.

B1 B2 -
o | am o
0 | M (10.7 MHz - 50 K)
1. | FM (10.7 MHz + 50 K)
1 M (10.7 Mz )

= OO

% A lock switch

used.

. 6,7 | Ei Ep

and'Europe'

Destination selector input for Japan, U.S.A.

E3 E2 Mode * When INH = L and FM and

- AM are changed over,
gagaz E; and E, inputs are

Europe read and latched.

HORO
OO

Setting is wired
from a back-~up -

power supply.

8 0sc

Connecting terminal for C and R.of an oscil-
lator that decideSgéuto‘searéh speed. Store
auto release of the preset memory and shift
time to fast forward at time of manual éﬁannel
selection are also decided by this oscillation

frequency., - - 3 S -

o9 Aam

manual “to auto search action..-

Input. for changing UP/DOWN turning mode from

"H" Input - Auto Search "L"‘Iﬁput Manual

* A lock switch

used,

Hhon-

= TOSHIBA=:
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NO. SYMBOL FUNCTIONAL_ EXPLANATION : REMARKS
10,11 P Tuning key input. . : * When the band
(27,28) DOWN 0. Manual: When the key is kept pushed for more " edge is reached
than 0.3 sec. at the step forwarding during the fast
L of 1 step/push, it becomes fast for- forward, the
wordiﬁg,and when the keyis released, tuning is
the turning is stopped and all chan- stopped.
’ nels. on the way are passed. * Scan waveform
o Auto Search: When the key is pushed the auto ._ is a triangular |-
! } search is started to select a channel ﬁave ‘shape.
and then, stopped automatically. -
With a built-in pull-up resistor. \/\/\/
12 A-STOP | Auto search stop input.
(29) When "H" level signal is applied to this termi-
nal during,the auto search,the scan is stopped.
13 'STO Preset memory store input. I/0 terminal with % With a built-
30y ' a built-in LED driver.- in LED driver
o When STO key is pushed, STO lamp illuminates,
- when a desired Memory No.key is then pushed,
receivingr frequency datais written into that
memory and STO lamps goes out.
o If a Memory No. key is not pushed even when
) STO key . is pushed STO key is automatlcally
7 released.
’ N 14019 M_l'\aﬁé Memory address assignment input. Terminal with [®#With a built-in
o o e3e) a bu11t -in LED drlver. LED driv:er_
] co o At FM or AM rece1v1ng, MiaMg are used fer % Same as STO
) T assigning FM/AM memory address, * .
* o To write push STO key_ and Ml'\:Ms keys of a
. desired channel. . ) .
) o To readpush My v Mg keys of_a' desired ‘channel. ) -

...... e
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NoO.

SYMBOL

FUNCTIONAL EXPLANATION

20n23
(37,38
»40)

k-1,

CR=2,

Data,

0/5

Receiving frequency digital display data and
timing signal phtput terminals.

.Whenrﬁower is ON, receiving frequency digital
display data and tiﬁing signal are transmitted
by 1 cycle only when frequency ‘is updated,e.g.,
UP/DOWN key operation, auto scan, memory reedt
FM/AM change-over, ete. Under normal receiv—

ing state, they are fixed at "L" level.

o Data Frequency binary code data and feceiv—
. " ing band. 7 )
-0 CK—i; CK~2 1Initializé and transfer clock.

0 0/5 ~For 50 kHz display at time of FM in

Europe.

1% 0/5 Terminal

Data 0O: Open
Data 5: "L"

24027
(42~44,
1)

I~

" Receiving frequency linean scale display LED
drive output. ; -
LED is driven by Hj ~Hs5 and push-pull.

- As outputs from these terminals are binary 3
bits, use of a decoder becomes necessary.

- Frequency linear scale display of max. 18 spots
is possible by the matrix of decoder outputs

L1 o L4 and Hy « Hy, _

_|

With a built-in’
Ne¢h open drain

driver

28132
) (2~6)

Hp ~Hs

Receiving ‘frequency 11near scale dlsplay LED
drive output, - . i
Frequency 11near scale dlsplay of max. 18

’ spots is possible by the matrix of Ly~ Ty -

decoder outputs,- . -

With a built-in

NPN transistor.
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NO. SYMBOL FUNCTiONAL EXPLANATION REMARKS
33,34 ﬁO—l Phase comparator output. )
(7,8) D2 Same outputs are parallelly transmitted at _4E?}_#)
: —
Dp-1 and Dg. and can be used exclusively for
FM and AM. Co
35 _Pee Key operation validation pee sound generating
(9 output. I
36 Mute Muting output.
(10) This terminal is normally kept at "L" level,
and is changed to "H'" level at time of muting.
37 FMIN FM programmable coﬁnter input.
an -, | The "input has a built-in amplifier. %}l:E;;]__
. *1 -
38 PSC Control output for the swallow counter type '
(12) Prescaller TD6104P. ——{)O—{#)
39 : - AM programmable counter input. Same as %1,
(3) | AN | e input has a buflt-in amplifier.
40 INH ‘Inhibit input. :
(14) Normal operation at "H" level. Inhibit opera-— - )
E - tion at "L" level. .. - _ :
41 TEST Initialize input.
5) Normal _operation at g level Initialize
operatlon at "L" level.
(%7?f8 GND,VDD | Supply voltage applylng terminal 5V 4+ 0.5V .
+39) .

=AUDID DIGITAL 1C::

'
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DESCRIPTION OF OPERATION

PLL UNIT

[y

REFERENCE FREQUENCY

Reference frequency d1vides oscillation frequency from the crystal

osc1llator into 25 kHz at time of FM and 9 kHz/10 kHz at time of AM.
As the crystal oscillator has a built-in self-bias amplifler by means

of C-MOS inverter, it can be easily configurated 'simply by connect- .

ing a crystal and condenser as illustrated below.

X'TAL 7.2 Mi&

C; 10~50pF -

Ca 10~50 pF

N "L X'TAL czl

_ The divider divides 7.2 Miz oscillation frequency from the - crystal

oscillator at a dividing ratio of 288 at time of FM, 800 at AM
(9 kHz) and 720 at AM (10 kHz), respectively and input then into

the phase comparator.

r - )
i FM
1/ 38
aMo - ASE
: 1600 PRASE
— . COMPA -
. : RATOR
AMy,
1/%20
FM ' AM g PROGRAMMABLE
COUNTER OUTEBUT

N : . . AMg g,




TOSHIBA- ELECTRONIC DF_’

velf 9097247 oo17a1s o |
TC137BP/BF

T-50 17

i

MODE DIVIDING RATIO REFERENCE FREQUENCY
™ 288 25 kHz
AMI/E 800 9 kHz

AMy 720 10 kHz

2.

PROGRAMMABLE COUNTER

TC9137BP/BF employs the so-called swallow count type counter which using
2 sets of programmable counter selectively.

RO : FF

s

. - ) Q R
t - .
. PG, DIVIDED

FREQUENCY N1

(N3 <Ng)
£Ix PRESCALLER :
1L/ OR . 141 . Preset
PC, DIViDED
FREQUENCY ., -~ four

Relation between fj_n and fout in this system is as follows:

£4n = {(M +1) N]_ + M(Nz - Nl) } fout
T T = (MN2+N1) fout o E )
P S R ,.‘.,_AMH R |
. PRESCALLER ; t — ¢
T sReomkamers M , T L
COUNTER Po; | —
Ny |
PROGRAMMABLE ] ,
- - .7 'COUNTER PCp | k |
C ' ) Ny—N,

_ B |
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At divided frequency Mi—l of the prescaller, both PC; and PCo
31multaneously start to count and when PCj becomes Ni, the dl—
vided frequency of the prescalleris ¢hanged over toMas N1 <Ng.
When PCy counted remaining Np - N1, the prescaller is again
switched to M and divided data (N and N2) are preset at PCj

and PC2 and the counter is returried to the initial state.

oo e e

In this case, as switching signals 1/M and 1/M+1 must be trans-

mitted within one eycle of input frequency, rerouting of wires

shall be avoided to the extent posslble.
As fyax OF TC9137P is 4 MHz, transm1351on delay time of this switch-

ing 81gna1 has the following limitation:

TD < 250 qeep L ST s

FM Programmable Counter ....

2-1)
Different programmable counters are used for FM and AM. For FM,
the above-mentioned swallow count type programmable counter is used,
Psc F
N\ T
: . PC, —foyuT
S - - ry)
5 PRE- . - V . | { }
o .~ | SCALLER| py
S IN . . DATA SWITCHING IF OFFSET
. s —( | Bara swrrggggm CIRSUIT CIRCUIT '
a s TR ,
s n [ —~ - - e - -
:::r..TO S H | B A.. SR T S SR,
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Divided frequency of the:progremmable counter is set .at the-data

g!
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switching circuits Off-set of IF frequency is added to the d1—

vided frequency and preset at this time.

2-2) AM Programmable Counter

At time of AM, PCy only is used as no,swallow'countitype counter

is used and a direct division system is used. =

- aM ' o : , ,
R iN )—g-‘ - i PC, __—fOUT
. . L L. B i 'V ] ; . _ . E v -

DATA SWITCHING IF OFFSET
: CIRCULT. CIRCULT

As in FM, the divided frequency is preset'w1th off-set of IF fre-
quency added.

- 3. PHASE. CObtPAR'A"TOR e mwfj'_“ L

The phase comparator ‘compares phase of reference frequency and that

of output from the programmable counter and controls VCO through the

. low-pass fllter s0 that frequencies and. phases of two signals come -

Do 1 D0-2 Outputs “ . L T e

a) When phase of d1v1ded output from the programmable counter is behlnd

that‘of reference frequency; Nch FET is turned ON and Do t and Dg-92

o P output become "L" Level for the duration equivalent to--that phase

d1fference. A

'"“::.".'w..'".,., ;.L",:":..1::L‘;::i:.:'.-i:‘.:.f":1..:.::T:.:”E'AUD'D DIGITAI_ 1C
T —133-— o

'
SRV (R
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' CONTROL UNIT

" FUNCTIONAL DESCRIPTION

P | roe: aa - | eeememay | TREQUENCE RENARKS

"FMy. | 87.5~108.0MHz - i10.7Miz ‘| 100KHz | FM U.S.A. band

FME | -87.5~108.0MHz .+ . oo 50kHz .| FM Europe band

By | 76.0~90.0MHz | -10.7MHz 100kHz | FM _Japan band

AMy | 520 ~1610kHz "~ | 1okHz |[AM U.5.A. band

AMg 522 ~1602KkHz +450kHz OkHiz AM Eurpperbénd‘f
~ AMJ " | 522 ~1629kHz - S - | AM Japan band-

b) On the other hand, when phase of d1v1ded output from the programmable
" counter is ahead of that of reference frequency, PCh FET is turned ON and
DO-l and Dg-2 outputs become "H" level : N ' C o

¢) During the perlod other than above, Do-l and Do—2 outputs are kept in high
impedance state with both N¢h and Pch turned OFF.

As the phase comparator has two try state outputs of Dg-land Dp-2, two sets
of low-pass filters can be used without switching and it is possible to set their

constants at optimum values in both FM and AM bands.

T T INH '
FROM REFERENCE  I= g _l:D_ -
FREQUENCY DIVIDER
- . PHASE 7
: g ! COMPARATOR
FROM PROGRAMMABLE ds

.COUNTER

1. TC9137BP/BF CAN CONTROL THE RECEIPTION OF 6 BANDS IN THE FOLLOWING'TABLE

Shiftlng of IF frequency (iSOkHz) gt,time of FM is,possible.

LEL e - B I T N .
T '!i‘ SR L Y T s

2;7 THE CONTROL UNIT HAS A VARIETY OF CHANNEL SELECTING FUNCTIONS

- l) 1 step/push manual tuning by UP and DOWN keys.

[ e

EEY
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"2) Manual fast forward tonihg by continuous debressing of "UP and

DOWN keys. - -

3) Auto search tunlng by Auto and UP or DOWN keys

1 4) - Preset tuning by memory read.

MEMORIES AND SUBMEMORIES

1) The memories for 12 channels are allocated by 6 channels for AM

and FM, respectively,

2) -Write into the memory is accomplished eesily by 2 pushes of STO
* key. and Memory No. key " Read-out is dccomplished by one push of
" Memory No. key ) ’ o ’

3) All memories are composed of static type C-MOS RAM, realizing

low-voltage andrlow power consumption

4) In addition to the memories for 12 channels, the last frequency

‘memories for FM and AM are available.

DISPLAY FUNCTION = ’ : T L
1) All displays are of static type.

2) ‘The receiving frequency display is of linear scale type and has
<a built-in LED driver. Further' when the digital display driver
TD6301AP TC9158/59P is connected, both the llnear scale and digital

display can be simultaneously made.,

OTHERS ~ .~ . .. .. i . . .
1):.Scan speed at time of auto search operation can>be adjusted

correspondlng to the set design w1th the externally installed
C R of the osc1llator term1an1 e .
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- 2) Becanse_pf the control terminal INH which stops ali outputs when
- the set power supply is OFF and makes the operation of LSI in-
’ cludlng osc111at10n of the osc1llator completely static, it.-is
possible to back up rece1v1ng state including memory contents
with minlmum power available from a battery or condenser for ex-

tended period of time.

DESCRIPTION OF OPERATION - » -~ - =i<"
1. DECISION OF 0SC FREQUEN(:)Y

0sc terminal is a 31ng1e termlnal type osc1llator CR connecting
terminal and scan speed durlng auto search, automatic release of’
store state, and continuous pressing time for manual fast forward

are all decided by frequency from this termlanl.rﬂ
Oscillatlon frequency fOSC = 1 2 Ccx, RX (Hz)

'ké) Scan speed (Auto search Manual F. FWD)
fosc/2 (step/sec)

(b) UP/DOWN key continuous pressing time
till time F. FWD
14/fosc (sec)

(ci STO key pre551ng t1me t111 automatic .:>”

release'

L -3

T 224/fosc (sec)

:During the inhibit state, oscillation of

0SC is stopped in order to reduce current consumption.

(ﬁééé)*”“ As’ voltage between 1C s and supply voltage may cons1derab1y

fluctuate, for osc111ation frequency refer to a graph (1) -

whlch 1s descrlbed later.

"'-TOSHIBA=

St on e T e
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2. METHOD FOR SELECTING RECEIVING BANDS

As mentioned above, a total of 6 kinds of bands of FMy, FMg, FMjy, AMy, .

AMg and AMJ can be selectively used on TC9137BP/BF, the difinite method
for selectiﬁgrfeceiving bands is explained in the following.

2-1) WM and AM Selection

Selection of FM and AM is decided by specifylng .state of two input
Bl and B2. FM selection also includes IF shifting. -

.B1 | B2 BAND VCO FREQUENCY IF FREQUENCY
0 0 "AM | Normal 450 kHz
. PO B i - . ﬁ.S.A, Europe: 10.65 MHz
% p - - 50 kHz Japan: 10.75 MHz
) U.S.A, Eufope: 10.75 MHz
0 1 FM +50 kHz Japan: 10.75 MHz
1 1 Normal B 10.7 MHz

When IF of FM is used at 10.7 MHz, B1 and Bz can. be used by short-
circuitting them externally

2-2) Selection of Destination of Japan, U.S.A and Eﬁrope
When FM or AM is selected in 2-1), above, ZHinﬁﬁt'lines 6f'E1 and Ep

are used for assignment of destination under respective modes.

- E] | Ep |. DESTINATION . . - . -
SR R N :Uhusablefs ' * Sw1tch1ng of a581gnment of destlna-
i 0 Band forrjapén E}on 1s tead in when TEST terminal
- 77 {g at "L" level, at time of FM/AM
0 1 Band for.V.5.A. switching, and INH is at "L" level.
1 1 Band for Europe . R )
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3.

3-1)

BAND FOR ECROPE

BAND FOR JAPAN BAND FOR U. 8, A, .

METHOD FOR CHANNEL SELECTION

Although there are various channel selecting methods for TC9137pP,
basically the channel select10n<is accomplished by total 3 input
lines of Aute/MEHual switching input A/M terminal,-and UP/DOWN

selection UP'terminai and DOWNrterminal " For Auto/Manual switch-
ing the lock switch is used, white a non—lock switch 1s used for

UP/DOWN selectlon

« UP AND DOWN TERMINALS
"CONTAIN PULLUP RESISTORS

In the following respective tuning methods are described.

-ifStep/i'Push‘Tuning 7

When UP or DOWN key is depressed by one push for a short time when

) A/M termlnal is under manual state ("L" level), receiving frequency. .

-niis up or down at 100 kHz for FMy and FMy, 50 kHz for FME, 9 kHz for

”AME, AMJ and 10kHz for AMy, respectively. n

S £ -

9097247 0017925 & l[f i
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When frequency up is continuously assigned and the upper band edge

is reached the: set does not operate thereafter even when UP or

DOWN key is pushed. In the similar- manner, frequency DOWN is
stopped to shift at the lower band edge.

UP/DOWN terminals have-a chattering prevention circuit but process-
ing time is set at a short tlme and therefore, it is possblle to
cope with a certain speed rotary switch.
Manual FAST Tuning -
When UP or DOWN key is contlnuously pushed for a fixed time T1 under
manual state as in 3- ~1), receiving frequency is up or down at fast
forward mode and when the key is released, the fast forward is
stopped. Tji and fast scan speed are declded by the above-
mentioned oscillatisn frequency from 0SC. When this oscillation
frquency is assumed to be fosec (Hz),
- 14
fosc

’ £
T = (sec) and fast speed = ——Qgg—(Step/sec)

Fast tuning may be illustrated as shown below:

b ki ON g . OFF-
UP KEY — PUSH . ——-

g 3
' <
!
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. .1 STEP UP connuuous FasT
EL - E b - STOP"

.As in'1 step tuning described in 3- -1), when -this contlnuous fast °

tuning stops scan when the band edge is reached
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Auto Search Tunlng .':'rﬁ ST s

The auto search tuning is a large merit in the synthe3121ng of a
'tuner, and various con51derat10n have been made on TC9137BP/BF to make
the most of thlS function,
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;becomes easy. B

Scan speed - Faster scan speed is preferable to user.r

Particulary in case of FMg, there are many channels becuase

- of 50 kHz channel space and scan speed is an important matter.

However, scan speed is limited>by the lock-up time of PLL’

'system or time constant for receiving signal level detection

from*the. viewpoint of -the set. designlng, and scan speed can

~not.: be .easily dec1ded

L ) SO :
Therefore, .TC9137BP/BF has been so designed that the scan- speed

can be externally adjusted. As mentioned in the foregoing,

.1t is possible to optlonally control scan speed by osc111ation

1frequency from OSC.

Mlsstop - In’ the auto search tuning, the receiver automatl-;

) Vcally scan to detect a desired channel and the auto search

tuning is stopped However, extremely severe characteristlcs
are demanded in generating aut6 stop signal. If auto stop
signal is not preperly genetated, the auto search tuning may
not stop at a frequency transmitting from a broadcasting

station but may -stop before or after that ‘frequency.

Separation from a current receiving station - Letis assume
that a broadcastlng is now receiv1ng When it is desired to
start the auto ‘search turnlng newly, it may be difficult to

separate from the currently rece1v1ng station in some cases

.as the auto stop.signalr;sicoqtinuously in effect.

" To solve this ptobiem,:oh TC9id7hP/BF the auto stop signal

(A-STOP Termlnal) is read by the last one pulse only at the

Vscan time.' Thus, it becomes possible to give a margin to a

time’ constant of 'the auto stOp 31gna1 and the de51gning
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- STATION
RECEIVING. -

ermquency. | — L S— 777772

AUTO STOP SIANAL - -

AUTO STOP SIGNAL

INVESTIGATION R »
: T AUTO SEARCH . ] S
i _ i (gIss?op PREVEN?IOH) BTOP
CURRENT o
RECEIVING STATION . - :
.. Iz , I | 1 ]
. UP KEY ON _ - ,

AUTO STOP SIGNAL '__\

AUTO STOP SIGNAL - ° o - : C - i
INVESTIGATION PULSE S S 1 -
. : (SEPARATION FROM CURRENT RECEIVING STATION)

Method for Auto Search Tuning

To start the auto search tuning, first place A/M terminal in auto
. search state (“H" level). Then, place UP terminal in "L" level
-to make the scan toward higher -frequency and DOWN termmal in "LY

level to make the scan toward lower frequency.

-* - In this case; immediately affer UP or DOWN key is pushed the scan
started and does not stop everi when‘the key is released. When the
“:band edge is reached, the scan is continuously carried out till
) "B level is input .to A-~STOP terminal (when there is a broad-

castlng statlon)

) UPPER BAND VEDGE

TUSTART U NG - 2 . : JE
EROADCASTING T -
STATION sTOP STOP START

| 'The scan waveform of auto search'tuning is shaped like a triangle wave.

_ LOWER BAND EDGE

=AUDIO DIGITAL IC:::
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(Note) )
1) If the memory read out is carried out during the auto search,
the auto search is released and the memory contents are dis-

. played as usual. “ e

" 2) Even when "H" level signal is kept applied at A-STOP terminal

. during receiving, the auto search tuning will start.

3) )When DOWN key is pushed during the auto search toward UP
direction, the auto search tuning is switched at the moment
toward DOWN direction. When UP key is pushed from DOWN
direction, the direction of the auté search tunlng is

simularly reversed. - - oo e

4) While UP or DOWN key is Kept peshed during the auto search
tunlng, the auto stop signal is disregarded and the scan is

contlnuously carried out.

4, MEMORY FUNCTION

That optional frequency data is stored always and a desired,chennél
can be selected by one touch is the largest feature of the synthe-

sizer tuner.

TC9137BP/BF has a built-in memory for total 12 chénnels including 6 FM
and'6 AM channels. As this memory is the'static RAM in C-MOS
_structure, low voltage and low power consuming operation is possible

and can be easily backed up by a battery or condenser

4-1) _Memory‘Key,Cennection,Method

There are total 7‘memory terminals: STO and ﬁi-m ﬁg:A All of
these terminals are of static type I/0 terminals with built-in

" status display drivers.
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Method for Memory Write

1) Memory write is carried out by Rey operation of two times.
First, when STO key is pushed, the memory write display LED
.lamp illuminates. .- Then, when a desire memory address is as-
signed from Mj ~ Mg terminals, teceiving frequency data at

that time is stored in the memory.

If AM is receiving at this tlme, ‘AM data is stored, and 1f

FM is recelving. FM data is stored in the memory.

2) Immediately after STO key is pushed, the memory is set at the
ready-to-write state, but this state is automatically released
‘after a certain time unless a desired Memory No. key is pushed .

~and LED lamp goes out. This time is decided by oscillatiom

7

frequency of 0SC, and assuming that this frequency is’ fosc,
224/fosc ( ~ 10 sec) : I .

This automatic release'function is to prevent erroneous erase

of already written memory contents when STO key is operated

T N N P I

For instance, in electing 82 5 MHz by the,tunlng and wrlting

thls frequency 1nto No. 3 memory, when STO key is first pushed
the store lamp illuminates. When M3 key 1is then pushed, the

store lamp goes out and Memory 3 lamp illuminates. .

---------- Segh A e S a1
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. 4-3) iMethod of Memory Read
;Under any operating condition, the memory readout can be carried

out by 31mply pushlng a desired Memory No. key.

For instanoe, if it is desired to select Memory No. 5 channel,
push M5 key. The Memory 5 lamp illuminates in a moment and the
K frequency display changes to the contents of Memory 5 and receiv-

T

ing is carried out.

At t1me the power is turned ON, it is not know what contents are
stored in the MEMOYY. .= 7 e g T FuT e -

-When “the memory ig read out under such;a state -as this, frequency
data out of the receiving band may possibly come out.. To prevent
“this, TC9137BP/BF is provided with the band edge detéction function
and>if data is'out'of the band, the receiving band is corrected

by force to a lower band edge.

“b4=4) .LastrFrequency Memory

For instance, lets assume that the receiving mode is changed to
M mode during AM 1100 kHz is receiVing;r At this time, data of
1100 has a meaning of 1100 MHz in FM. This frequency is outside
FM band and is-brought back to the band edge.-

To solve this trouble, T09137BP/BF has a built—in last frequency

The 1ast frequency memory is a sub—memory to store data existing
',i::;' . o prior to the sw1tch1ng of FM/AM at time of the switching

Tev Write to the memory is automat1cally carried out without requir-

ing any operation.
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That is, when 1100 kHz is  currently stored in the sub-memory
and the receiVing'mode is switched from FM 80.0 MHz to AM, the
receiving frequency becomes- 1100 kHz and the contents of the
sub-memory becomes 80.0 MHz. Further,‘after the receiving of
1250 kHz by operating UP key under AM mode and AM mode is again
switched to FM mode, the receiving frequency becomes 80;0 MHz

automatically and AM 1250 kHz is written into’ the sub-memory. -

© SWITCHING TO . UP OPERATION - SWITGHING TO
AM

RECEIVING | ¥ g0 uuz |~

suBMmORY

MlZ&)kHz >< Msoo

. DVISPLA-Y oF RECEIV‘ING FREQUENCY. " - ', L

On TC9137BP/BF the linear scale display of receiving frequency in whlch

the traditional pointer display image is taken as well as the

i -

.digital display are posslble Tt T - s

As the result, the following disadvantages involved so far in the :
digital display ean be solved by the combined use ‘of the- digital
display and the linear scale dlsplay. Lt

1) Location of rece1v1ng frequency in a band is hard to sense.

2) ! Operation at; time of UP/DOWN is hard to catch

Further, the linear scale dlsplay only will provide the following

merlts. I S B RSN

1) It is p0531b1e to realize a 1ow cost set by selecting number of

dots. o ~

=:AUDId DIGITAL IC
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2) The digital display requires several hundred mA for LED.

" However, several mA 10 and several mA are sufficient for
LED illumination as only one point requires to be illuminated,
thus making it possible to apply the linear scale display to

a portable set. o

.

5-1) Number of Linear Scale Dots .-

TC9137BP/BF is capable of linear scale displaying of Max. 16 spots.
Number of dots per band and numbér of channels per dot are as

shown in _the follow1ng table.

e R | o v [
FMy 87.5~108.0MHz | 100kHz 201 16 13
FME 875 ~108. OMHz S50KHz 411 32 13
FMJ | 76.0~90.0MHz | 100kHz | 141 8 18
AMy | 520 ~1610kHz 10kHz 110 8 14
AME | 522 ~1602kHz otz | 121 8 16
AMJ 522 ~1629kHz 124 8 16

._(Note) The lamps illuminate equally at the.lowrband edge, but
Ehexe are differences at the upper band edge depdending

upon band.

5-2) Method for LED Connectlon

LED is of a statlc lightlng by means of matrix system through
_(by use of) Hy ~ H5 . and- T3 ~v Lf. Hp v Hs output contains NPN -
'transistor open emitteg and Ij ~ Tz does NCh FET open drain- type;

therefore, no external transistor is required.,

EL -
St I
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5-3) Digital Dlsplay

The rece1v1ng frequency display of T09137BP/BF is basically the linear
scale d1splay as described above. However, it is the feature of
TC9137BP/BF that the digital display is also possible Qhen the static
frequency display driver TD6301AP is added. ' Therefore, TC9137BP/BF'has
the receiving frequency data and timlng signal output termlnals
required for TD6301AP for dlsplay.

The’outputs are total 3{ Data terﬁinal for recéiving frequency

data, timing signal CK-1 and CK-2 terminals. - Outputs are trans—
mitted by one cycle only at the following t1m1ngs only when re-

.ceiving frequency is updated.

— . T - -

KEX'-_ - AN EP -
OPERATION B

- S5mg N —
MUTING . =13 51 . P S . - - .

CK—1
CK-2
 DATA

0000000000000

BAND SIGMAT,
~-— FREQUENCY DATA 11 BITS & BITo—
' 16 BITS ;

1 CYCLE

e e P LT i o e T
el e L e - Lt gl bt
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a. Data Signal'(Daea)'
Data signal is composed of 16 bits of which 1 & 11 bits afe
allocated to receiving frequency data and 13 v 16 b1ts to kinds

of rece1v1ng bands.

. Frequency datac

BIT1- 2 B -a- - “wericge 9 100 11

Xz ﬂzzxwxg*x )( & G G yca 8

Frequency data is a value,of receiving'frequenCy minus the lower

band edge of that band.

For instance, in case of 1210 kHz data in AMy band, the lower
band edge of AMy 1s 520 kHz and therefore, the frequency data

in this case is, -

1210 (Recelving Frequency) - 520 (Lower Band Edge)
690 (Frequency Data) . . - .

- This frequency data of 690 is serially transmitted in b1nary
code ranging from 1 bit to 11 b1ts in above table.

Band Signal L )
- TC9137BP/BF has a total 6 bands;.3 FM bands (FMg/FMy/FM) and 3 AM-
bands (AMg/AMy/AMJ). However, as FME and FMy, AMp and AMy. are in the

same 1ower band edge respectively, net number of bands is 4 bands.

State of these 4 bands is asslgned by 4 bits of data signal bit -

13'\:16.,”- . S e
~. .. BIT 11 12 . .

’;x C 2 an & 1( » e

bit 13 | -_14 - 15 16 Band
R 0 0 0 M
R 1 0 0 © PMy/PMg
0 0 1 0 AM 3/AME,
0 0 0 1 AMy

_;148—' K
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C.

‘b. Timing Signals (CK-1, CK—Z);

CK-1 and CK-2 are transmitted at the following timings as data

signal read timing signals. These timing signals are used .

in data read, latch and opefation of the static frequency dis-
play driver TD6301AP.

A =Romsec’ - o, —
o l-_sA BIT 1 itz Y. Brrs X
DATA :qA+LAL— )
START | M= [ 1 p
CK—~1 —dJd SI3NAL . " 2
- 54 ] PN X

o WG L1 FL - .

Examples of Output Waveforms :
Data at time of AMJ band 1251 kﬂz is
1251 - 522 = 729 —= 10011011010

and its waveform is as shown below:

DATA

'z°lzl 2|

Data at time of FMy band 107.0 MHz is -

.. 1070 - 875 = 195 —-11000011000 ~ .~

DATA

L1 L L1
25253729I29

20

2t 22123|2‘

"AUDIO DIGITAL IC:=u=
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d. D‘ata, CK-1 and CK-2 Outputs . ’ - - -

Data, CK-1 and CK-2 are transmitted under the following conditions.
1. When power is ON. ) N )
2,  During AUTO/MANUAL

3. When the preset memory. is read.
4

. When FM and AM are switched.

-~ .

UP or DOWN scan

6. MUTING OUTPUT
' To ﬁrevent generation of noise during the key operation, TC9137BP/BF
traqsmits muting output at the following i:imings. This muting

outputr can be used for temporary sound arresting of audio signal.

T

‘ N -, R—
MUTING SIGNAL T, -

) KEY ON
* MANUAL UE/DOWN l
* PM/AM SWITCHING e - _
* POWER ON ' It

KEY OFF

|
1

— ~
MANUAL FAST ~ e, T -
MUTING SIGNAL -
Tz
5 f

AUTO SEARCH UE/DOWN "r

) 1
MUTEING  SIGNAL —:[

AUTO STOP 7 — <

Ty Approx. 3 msec
T . 6/fogc (~ 300 msec)
T3 8/fosc (x~400 msec)

et L e U 1
AR e et s i e i e AT e
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7-2)

7-1).

INHIBIT FUNCTION s . S

This is the function to completely shut off I/0 of LSI for prevent-
ing flow out or conduction of current into LED lamps when the memory
is backed up by supplying voltage to TC9137BP/BF only from a battery,
etc. with the power supply of the set turned off.

Further, the -above-mentioned read of destination is carried out

under thls state. . , ..

Control of Inhibit Function

TC9137BP/BF has INH terminal. When this terminal is set at "L" level,
the inhibit function works out:

INH Vpp LEVEL ﬁ ,——
@GND LEVEL ———— — ———— e
) T NORMAL INHIBIT STATE NORMAIL,
OPERATION OPERATION

Operation of TC9137BP/BF under Inhibit State

Operation of TC9137BP/BF under the inhlbit state differs from normal

operation and will be’as follows. .

a) Oscillations of 0SC and the érystal oscillator are stopped,
clock is no longer supplied in LSI, and.TC9137BP/BF is placed in

a completely stationary state.

b) During the reading of all.opefating keys, TC9137BP/BF is placed in

" a locked state and any key operation is not accepted.

¢) Under the inhibit state, Hj ~ Hs and fi'%'fz'terminals and the
_buffer transistors of STO and M~ Mg are turned OFF and no

LED will,illuminate In addition, all other outputs become
o 1eve1 s e T '
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7-3) Reads of Destination Data

As mentioned above, destination data is decided by state of Ep -
and Ep terminals.. This data reading is carried out when the
inhibit terminals is at "L" level. It is therefore necessary

to force the inhibit terminal to return later than Vpp terminal.

——

© Vbp j—— +B ,
S
TEST ]—‘ ,
1
g Voo - —
INH H —
. L INH

T= READS OF DESTINATION DATA
=100 xsec -

7-4) Examples of Memofy Backup Circuit with IBH Terminal

{" I +B +B
vop [} N—_l_ : Vop |}
— ) i
Test [ 3| = . L. TEST-| .
INH l—— J; INH ] :
zz
. T l - ;L
ol . J
- . . N - . - . E -
fwEtT % - " BAGKUP BY USE OF BATTERY . BACKUP BY USE OF CAPACITOR

Voo ! ) e
- HOLD

INH — — . _ :

—152—
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- _ It is necessary to bring INH términal at "L" level immediately

after power is turned OFF, . - =

Back up Vpp has been guaranteed up to 2V and current at this time
- _ is 10 pA or below.

8. PEE SOUND
During the key operation, band switching or scanning, a pulse of
about 2.5 kHz is transmittéd for a specified period for confirming

the operation.

BAND SWITCHING OR MEMORY H "l

READ MANUAL UE/DOWN 10 O 1 O .

This output is transmitted one time or continuously as illustrated

above only when frequency is updated.

9. OTHERS . S ] -

9-1) When it is desired to automatically stop the set at integer times
“wr - ..z . .frequency of 100 kHz in FM in Europe. . . - '

_;7r£>r; e tf"~.* S .

A-STOP

AUTO STOP
CIRCUIT

i e
P e et e
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As the 0/5 terminal will become "LV level at integer times fre-
quency of 100 kHz, no auto—stop -dignal- is accepted at 50 kHz in

~ the above circult.

N

9-2 ) Test Mode (E1 and E3 Terminals)

When both El and Ep terminals are brought to "L" level T09137P
is placed in the test mode, and

' @ 25 Kz (FM Mode), 9 kHz (AMJ/E Mode) and 10kHz (AMU Mode)

of ‘reference’ frequency are transmltted at Pee terminal.
i .

(2) Aa11 LED lamps' illuminate,
" Accordingly,
As the result of (1), it is easy to match crystals.

As the result of (2), it is possible to check erroneous wiring,

: short-circuit, open-clrcuit etc, of LED.

9-3) Power ON Timing .

TOO187BE/BF  TWE ‘/

“TDEBO1AP Vo

L

~
WITHIN 15 .mS

When returned from the inhibit staterto the normal'state, TC9137BP/BF
" transfers frequency data of the last frequency memory to TD6301AP

. and therefore, the power supply of TD6301AP must have rised at that
point of time. *

e e e s e A T s i s
o=t
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30
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