KEL o™

KIC9256P/F
KIC9257P/F

CMOS DIGITAL INTEGRATED CIRCUIT

PLL FOR DTS

KIC9256P, KIC9256F, KIC9257P and KIC9257F are
phase-locked loop (PLL) LSIs for digital tuning systems
(DTS) with built-in 2 modulus prescalers.

All functions are controlled through 3 serial bus lines.
These LSIs are used to configure high-performance digital
tuning systems.

FEATURES

+ Optimal for configuring digital tuning systems in Hi-Fi tuners
and car stereos.

+ Built-in prescalers. Operate at input frequency ranging from
30~150MHz during FMi, input (with 2 modulus prescaler) and
at 0.5~40MHz during AM;, input (with 2 modulus prescaler or
direct dividing).

+ 16bit programmable counter, dual parallel output phase comparator,
crystal oscillator and reference counter.

+ 3.6MHz, 45MHz, 7.2MHz or 10.8MHz crystal oscillators can be used.

+ 15 possible reference frequencies. (When using 45MHz crystal)
(Ref.=0.5k, 1k, 2.5k, 3k, 3.125k, 3.90625k, 5k, 6.25k, 7.8125k, 9k, 10k,

12.5k, 25k, 50k and 100kHz.)

+ Built-in 20bit general-purpose counter for such uses as measuring
intermediate frequencies (IFim and IFm2) and low-frequency pilot
signal cycles (SCiy). (Cycle measurement function is not available
on KIC9256P and KIC9256F.)

« High-precision (£0.55~ x7.154S) PLL phase error detection.

« Numerous general-purpose I/O pins for such uses as peripheral
circuit control.

+ 4 N-channel open-drain output ports (OFF withstanding voltage : 12V)
for such uses as control signal output.

(KIC9256P and KIC9256F have only 3 ports.)

« Standby mode function (Turns off FM, AM and IF amps) to save
current consumption.

« All functions controlled through 3 serial bus lines.

+ CMOS structure with operating power supply range of
Vop=5.0E£05V.

+ 16pin DIP (KIC9256P), 20pin DIP (KIC9257P),
16pin FLP (KIC9256F), 20pin FLP (KIC9257F) packages.
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KIC9256P/F, KIC9257P/F

MAXIMUM RATINGS (Ta=25C)

CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vb -0.3~6.0 A\
Input Voltage Vin -0.3~Vpp+0.3 \%
Withstanding Volisge Vors 13 v
Power Dissipation Pp 300 (200) mW
Operating Temperature Topr -40~85 T
Storage Temperature Tsig -65~150 T

() : Flat Package.

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vpp=4.5~5.5V, Ta=-40~857C)

CHARACTERISTIC SYMBOL C;II;%%II‘T TEST CONDITION MIN. TYP. | MAX. | UNIT
SESE)?SH\%OI};;,;H Vo1 - ?ﬁéﬁgﬁgﬁny 15 >0 59 v
Supply Carrent o |- e A

(Stand-by mode)
Crystal Oscillation
Fquuency Supply ooz - Fé;rggfg crystal oscillation) 40 50 55 v
Voltage
Supply Carrent e |- pbor - | os | 15 | ma
Secpty Carment R - 0 ) A
(Operating frequency range)
gz;tlaelngscillation for ~ )C(oln_n;clt (t:g;ltiila lresonator to 26 _ 108 ML
FMmn (FMp, FML) frm - FMyu, FML mode, Vin=0.2Vp-p 30 ~ 130 MHz
FMin (FML) iov - FM;, mode, Vin=0.3Vp-p 30 ~ 150 MHz
AM (HF) ity - HF mode, Vin=0.2Vp-p 1 ~ 40 MHz
AMn (LF) fir - LF mode, Vin=0.2Vp-p 0.5 ~ 20 MHz
IFm1, IFme fir - Vin=0.2Vp-p 0.1 ~ 15 MHz
o | - [ || w
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KIC9256P/F, KIC9257P/F

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vpp=4.5~5.5V, Ta=-40~85T)

TEST

CHARACTERISTIC SYMBOL CIRCUIT TEST CONDITION MIN. TYP. | MAX. | UNIT
(Operating input amplitude range)
FMy, FM. mode, ~ Vbp
FMin (FMp, FM;) Vim fin=30~ 130MHz 0.2 05 Vp-p
FMy (FMy) Vi - FM;. mode, fin=30~150MHz 0.3 ~ YODE Vi-p
AMp (HF) o - HF mode, fiv=1~40MHz 0.2 ~ Yof’g Vpp
AMn (LF) Vir - LF mode, fin=0.5~20MHz 0.2 ~ Yof’g Vpp
i, TP Vie - fin=0.1~15MHz 0.2 ~ YODE Voop
(OT1~0OT4 N-ch open drain)
Output "L" level Toni - Vor=1.0V 50 10.0 } mA
Current
OFF-Leak Current Torr - Vorr=12V - - 2.0 1A
(I/O-5~1/0-9, SCw)
Input "H” level Vim - 0.7 Vpp ~ Vob v
Voltage "L" level Vi 0 ~ 0.3Vpp
Input "H" level T V=5V - - 2.0 A
- U
Current "L" level I V=0V - - -2.0
Output "H" level Tora Von=4.0V (Expect SCin) -2.0 -4.0 - A
- m
Current "L level Tora Vo=1.0V (Expect SCn) 2.0 4.0 -
(PERIOD, CLOCK, DATA)
Input "H" level Vi B 0.8 Vpp ~ Vb v
Voltage "L level Ve 0 ~ 0.2Vpp
Input "H" level I B V=5V - - 2.0 A
Current L level | In V=0V - — [0 | "
Output "H" level Tons Vou=4.0V (DATA) -1.0 -3.0 - A
. - m
Current "L level Tois Vor,=1.0V (DATA) 1.0 3.0 -
(DO1, DO2)
Input "H" level Ioms Vous4.0V -2.0 -4.0 - A
- m
Current "L" level Tors VoL=1.0V 2.0 4.0 -
Tri-State Lead Current It - Vrg=5V, V=0V - - +1.0 1A
(XT)
Output "H" level Tome Von=4.0V -0.1 -0.3 - A
. - m
Current "L level Tor2 Vor=1.0V 0.1 0.3 -
(Input feedback resistance)
Rf1 FM, AMp, IFiy (Ta=257C) 350 700 1400
Input Feedback Resistance - — k&
Rf2 XT-XT (Ta=25C) 500 1000 4000
1995. 6. 20 Revision No : 0 KELC 3/29




KIC9256P/F,

KIC9257P/F

PIN CONNECTION

KIC9256P,KIC9256F

D02/0T-4
DOt

1/0-5/1F N1
1/0-6/F o
GND

1
2
3
4
5
6
7
8

Top View
DIP-16PIN/FLP—16PIN

BLOCK DIAGRAM

KIC9257P,KIC9257F

PERIOD
CLOCK
DATA

0T-1

oT-2

0T-3
oT-4
1/0-5/CLK

1
2
3
4
5
6
7
8
9

[y
o

Top View

Do2
Do1
1/0-7/SCy
1/0-8/IF 1
1/0-9/TF 2
GND

DIP—-20PIN/FLP—20PIN

VDD GND
) )
FMy, PSC T ;l:
e | > |
M 2 MODULUS 4bit SWALLOW POWER ON
w C 1/2 PRESCALER COUNTER RESET
FMy HF % RESET
My O—> I 12bit PROGRAMMABLE COUNTER % Tl;{]—FSF’{EJgE
FM  MODE LF 12 .
— & B =
XT osc 2 ] “*% TRI-STATE
XT CIRCUIT REFERENCE COUNTER 2 8 BUFFER
/

|

1mSs | 0SC

%
%
7

24bit REGISTER

s =

f

0T4

) Do1

) Doz
(D02/0T-4)

! 1/0-5/CLK
DATA _.| 24bit SHIFT REGISTER
crock () } ﬁe l 1/o-6
TEST
ADDRESS
DECODER
PERIOD () f L
| 24bit REGISTER 1/0-9 IFiyz
v ~ (1/0-6/IF N2 )
4 \AMP e
20bit BINARY COUNTER < 1/0-8 IFpyy
\ AP (1/0-5/1F 1 )
UNIVERSAL COUNTER CONTROL| GATE = 1/o—7/5¢q
oT-4 ! !
XT 1mS
0T-2 0T—4
(Note) @ Mark terminals are not existence in KIC9256P, KIC9256F.
Terminal name of KIC9256P, KIC9256F is shown in parentheses.
Others are common terminals.
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KIC9256P/F, KIC9257P/F

APPLICATION CIRCUIT
(Example for use KIC9257P, KIC9257F)

Y

~n

Varactor Diode

(J-AM )
Micro- . 1 I *VCO
Controller S| 2
PERIOD 3 \*‘FJ'I(E{O)
CLOCK 4 SCpy Signal
DATA 5 AMp Signal
FM Si 1
6 T T o001F F=lena
’ 14 e oot
8 Yt
¢ ° 4. 7uF 0.1uF
10 ' '
KIC9257P, KIC9257F 2
1/0 Port
12Vmax.
Output Port
)
C
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KIC9256P/F, KIC9257P/F

PIN FUNCTION

I;IIS SYMBOL PIN NAME FUNCTION CIRCUIT DIAGRAM
1 XT Connects 3.6MHz, 4.5MHz, I:jl
Crystal oscillator 72MHz or 10.8MHz crystal |_| Voo
pins oscillator to supply reference L"E”L
2 XT frequency and internal clock. XT O OXT
3 | PERIOD | Period signal input Serial I/O ports. These pins
transfer data to and from the
controller to set divisors and
4 CLOCK | Clock signal input dividing modes, and to Schmitt input
control the general-purpose
= | para | Serial data input/ ;:/O(;m;zit;nd general-purpose CLOCK,PERIOD
output
6 OT-1 N channel open drain port
pins, for such uses as control
signal output. These pins are
7 OT-2 set to the OFF state when ?I—
General-purpose .
output ports power is turned on. (On
8 OT-3 KIC9256P  and  KIC9256F, N—channel open drain
OT-4 can be wused as a
9 OT-14 (MOS output pin by
(-) switching it with DO2).
CMOS structure allows free
10 1/0-5/ use of these ports for input VoD
(=) CLK or output. Ports are set for
General-purpose input when the power is
1/0O ports turned on. On KIC9257P and
11 KIC9257F, 1/0O-5 «can be
(-) /0-6 switched for use as a system
clock output pin.
13 AMn These pins input FM and
(10) AM band local oscillator r'lélrvm)
Programmable . . . o
counter input signals by capacitor coupling. I—IIE”L
14 FMin and AMn operate at
11) FMiv low amplitude. ”L’E"_
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KIC9256P/F, KIC9257P/F

PIN FUNCTION

I;Ié\l SYMBOL PIN NAME FUNCTION CIRCUIT DIAGRAM
General-purpose I/O port
input/output pins. Can be
switched for use as input
16 I/0-9(-6) pins to measure general—
(13) /TFixe purpose counter frequencies. VoD
General-purpose I/O | The frequency measurement (o
ports function has such uses as
/ General-purpose measuring intermediate o
counter frequency frequencies (IF).
measurement These pins feature built-in
input amps. Data are input by
17 | /O-8(-5) capacitor coupling. FMn and EF
(14) /TFin ANy operate at low
amplitude.
(Note) Pins are set for input
when power is turned on.
General-purpose I/O port
input/output pin. Can be VDD s o
General-purpose I/O | switched for use as signal -
ports input pin to measure
18 1/0-7 / General-purpose low-frequency signal cycles. -
(=) /SCix counter cycle (Not available on KIC9256P
measurement and KIC9256F.)
input (Note) This pin is set for
input when power is
turned on.
These pins are for phase
19 DOI1 comparator tristate output. VoD
(15) Phase comparator DO1 and DOZ2 are output in -
output parallel.
(General-purpose (On KIC9256P and KIC9256F,
20 DOz output ports) DO2 can be switched for use H
(16) (DO2 as a general-purpose output
/OT-4) port.)
D Power supply pins Applies 5.0V *£10%. -
(9) Vl)l)

(*) Pin numbers 1~8 are common to KIC9256P, KIC9256F, KIC9257P and KIC9257F.
(*) Pin names and numbers in parentheses apply to KIC9256P and KIC9256F.

1995. 6. 20

Revision No : 0

KELC

7/29




KIC9256P/F, KIC9257P/F

As the block diagram shows, the functions of KIC9256P, KIC9256F, KIC9257P and KIC9257F are
controlled by setting data in the 48 bits contained in each of the 2 sets of 24bit registers. Each bit of
data in these registers is transferred through the serial ports between the controller and the DATA,
CLOCK and PERIOD pins. Each serial transfer consists of a total of 32bits, with 8 address bits and 24

data bits.

Since all functions are controlled in units of registers, the explanation in this manual focuses on the 8bit

O SERIAL I/O PORTS

FUNCTIONS AND OPERATION

addresses and functions of each register.
These registers consist of 24 bits and are selected by an 8bit address.
A list of the address assignment for each register is given below under Register assignments.

REGISTER | ADDRESS CONTENTS OF 24 BITS No. OF BITS
PLL divisor setting 16
Input Referfence frequency Settipg 4
Register 1 DOH PLL input and mode setting 2
Crystal oscillator selection 2
Total 24
General-purpose counter control 4
(including lock detection bit control)
I/O port and general-purpose counter switching bits 3
I/0-5/CLK pin switching bit 1
(DO2/0OT-4 pin switching bit for KIC9256P and KIC9256F)
Input .
Register 2 D2H DO plq control 1
Test bit 1
I/O port control 5
(also used as general-purpose counter input selection bits)
Output data 9
Total 24
General-purpose counter numeric data 22
Rgi‘;‘t’;lrt | D] Not used 2
Total 24
Lock detection data 5
I/O port control data 5
Output D3H Output data 4
Register 2 Input data (undefined during output port selection) 5
Not used 5
Total 24

When the PERIOD signal falls, the input data are latched in register 1 or register 2 and the function is

performed.

When the CLOCK signal falls for the 9 time, the output data are latched in parallel in the output

registers. The data are subsequently output serially from the data pin.

1995. 6. 20
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KIC9256P/F, KIC9257P/F

REGISTER ASSIGNMENTS

Address=DOH

LSB | | | | | MSB |
Z PO|P1L |P2|P3|P4|P5]|P6|P7|P8| P9 |PIO|JP11]|P12|P13|P14|P15] RO | R1 | R2 | R3 | FM |[MODE]JOSC1|0SC2
3
.2
? Add\ . Programmable counter data (- 2%;111‘:31%; Egﬁﬁg}nﬁe S;Zisﬁ:{or
- ress= code data d lection bit
E‘ - o, - | Imo e - selection | its
Loo et | &5 | v | we | G lponz| REr frarmrest] e[ & | &) [ &S] @[ o1 [0z Jos [oa [ER [ | D[ E5] 83|
\_ Gate —/\_1/0 port —/ CLK RESET TEST Also used Output port output data
time and general- bit bit bit as general—
select  purpose counter  DOHZ START purpose

switching bits bit bit counter
input
selection bits

I/0 port control

Address=D1H

1SB

§ [0 [11 |te|ss [ta |15 [16 |17 |18 |10 [110|111 [112 | 113 | 114 [ 115 | t16] 117 118 ] t10 Joverfpusy] 0" | "0 |

? \ General—purpose counter data _ NotJ

- used

& Address=D3H

3 I (*3) ] T (*3) ]
B o0& e [eea[ees] o [0 [0 [-o [0 [RGB B[ MB[M]or [z [os [ [BIBTHI BB ]
A Lock detection data—/\— Not used —/\—I/O port control data/ \— Output data J \—— Input data 4

When power is turned on, the input registers are set as shown below.

Address=DOH
LSB I I I I I MSB |

[colcolcolea]en]colen]en]colen]eolea|en]eoleafea] t [ a1 [ 1] 1]o] o]

Address=D2H

Input registers

LSB
[ofofofofoJoJoJoJofoJofoJoJoJoJofofofoJoJoJofo]ol]

(Note) (1) Cannot be set on KIC9256P and KIC9256F.
(%¥2) These data are "0"” on KIC9256P and KIC9256F.
(*3) Bit names in parentheses "( )" refer to KIC9256P and KIC9256F.
(*4) Data are undefined.
(#5) Set data to "0" for TEST bit.

1995. 6. 20 Revision No : 0 KEE 9/29



KIC9256P/F, KIC9257P/F

O SERIAL TRANSFER FORMAT

The serial transfer format consists of 8 address bits and 24 data bits (Fig.1). Addresses DOH~D3H are

used.
Start End
i - - - T T
PERIOD t3 : : t4 : t5 It6 t7
[ | |
— | | —
: : t11tR : :
| 1t 1 9 clock signal fall
[ | / € |
| | | Ve e ——— |
CLOCK

DATA

|—7 8 address bits I 24 data bits 4-|
(24bit register)

Fig. 1

+ Serial data transfer

Serial data are transferred in sync with the clock signal. In the idlestate, the PERIOD, CLOCK and
DATA pin lines are all set to "H” level. When the period signal is at "L” level, the falling of the clock
signal initiates serial data transfer. Data transfer ceases when the period signal is set to "L” level when
the clock signal is at "H” level. Once serial data transfer has begun, however, no more than 8 falls of
the clock signal can occur during the time the period signal is at "L” level.

Since the receiving side receives the serial data as valid data when the clock signal rises, it is effective
for the sending side to produce output in sync with the clock signal fall.

To receive serial data from the output registers (D1H, D3H), set the serial data output to high
impedance after the 8bit address is output but before the next clock signal falls.

Data reception subsequently continues until the period signal becomes "L” level ; data transfer ends just
before the period signal rises. Therefore, the data pin must have an open-drain or tristate interface.

(Note 1) When power is turned on, some internal circuits have undefined states.
To set internal circuit states, execute a dummy data transfer before performing regular
data transfer.

(Note 2) Times t1~t8 have the following values.
t1=1.0uS
t2=1.0uS
t3=0.3uS
t4=0.3uS
t5=0.3uS
t6=1.0uS
t7=1.0uS
t8=0.3uS

(Note 3) Asterisks represent numbers taken from addresses, as in D'H.

199. 6. 20 Revision No : 0 KELC 10/29



KIC9256P/F, KIC9257P/F

O CRYSTAL OSCILLATOR PINS (XT, XT)

As Fig.2 shows, the clock necessary for internal operation is produced by connecting a crystal oscillator
between capacitors. Use the crystal oscillator selection bit to select an oscillating frequency of 3.6MHz,

45MHz, 7.2MHz or 10.8MHz which matches that of the crystal oscillator used.

LSB MSB
Address DOH osci | osc2
OSCILLATOR
OSC1 052 FREQUENCY
0 0 3.6MHz
1 0 4.5MHz
0 1 7.2MHz
1 1 10.8MHz
AVAVAY
[>o
Y N 2
XT XT
N
i X'tal i ¢ C=30pF Typ.
(Note) Set to 3.6MHz (OSC1="0" and OSC2="0") when power is turned on.
The crystal is not oscillating at this time because the system is in standby mode.
199. 6. 20 Revision No : 0 KELC 11/29



KIC9256P/F, KIC9257P/F

O REFERENCE COUNTER (REFERENCE FREQUENCY DIVIDER)

The reference counter section consists of a crystal oscillator and a counter.

A crystal oscillator frequency of 3.6MHz, 45MHz, 7.2MHz or 10.8MHz can be selected. A maximum of

15 reference frequencies can be generated.

1. Setting reference frequency

The reference frequency is set using bits RO~R3.

Address DOH |

(Note 1) Reference frequencies marked with an asterisk "*

(Note 2)

[vo [ [re[w] | |
il

oo [ew] e [wlw]e]w] e

0 0 0 0 0.5 kHz 0 0 0 1 *7.8125 kHz

1 0 0 0 1 kHz 1 0 0 1 9 kHz

0 1 0 0 2.5 kHz 0 1 0 1 10 kHz

1 1 0 0 3 kHz 1 1 0 1 12.5 kHz

0 0 1 0 3.125 kHz 0 0 1 1 25 kHz

1 0 1 0 %3.90625 kHz 1 0 1 1 50 kHz

0 1 1 0 5 kHz 0 1 1 1 100 kHz

1 1 1 0 6.25 kHz 1 1 1 1 Standby mode (1)

crystal oscillator.

(*1) Standby mode
Standby mode occurs when bits RO, R1, R2 and R3 are all set to "1”. In standby mode,
the programmable counter stops, and FM, AM and IFin (when selected IFy) are set to
"amp off” state (pins at "L” level). This saves current consumption when the radio is

turned off. The DO pins become high impedance during standby mode.

"o

can only be generated with a 4.5MHz

During standby mode, the I/O ports (I/O-5~1/0-9) and output ports (OT1~OT4) can be

controlled and the crystal oscillator can be turned on and off.

(Note 3) The system is set to standby mode when power is turned on. At this time, the crystal

oscillator is not oscillating and the I/O ports are set to input mode.

1995. 6. 20
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KIC9256P/F, KIC9257P/F

O PROGRAMMABLE COUNTER

The programmable counter section consists of a 1/2 prescaler, a 2 modulus prescaler and a 4bit+12bit

programmable binary counter.

1. Setting programmable counter

16 bits of divisor data and 2 bits which indicate the dividing mode are set in the programmable
counter.

(1) Setting dividing mode
The FM and MODE bits are used to select the input pin and the dividing mode (pulse swallow

mode or direct dividing mode.) There are 4 possible choices, shown in the table below.
Select one based on the frequency band used.

LSB MSB
sagessoow | | [ | | ] [ [ T ] [ [ [ F [ [ § | | | f[ewfuomf | |
b
TYPICAL INPUT FREQUENCY | INPUT
MODE | FM | MODE DIVIDING MODE RECEIVING BAND RANGE PIN FREQUENCY
LF 0 0 Direct dividing mode LW, MW, SWL 0.5~20MHz A
Min
HF 0 1 SWH 1~40MHz n
Pulse swallow mode ~
FML| 1 | 0 FM §8~1§81\M/[gz
5 z FMn
FMu 1 1 1/2+pulse swallow mode FM 30~130MHz 2n
(2) Setting divisor
The divisor for the programmable counter is set as binary data in bits PO~P15.
+ Pulse swallow mode (16bits)
LSB MSB
AddressDOHlPOlPl|P2|P3|P4|P5|P6|P7|PB|P9|P10|P11|P12|P13|P14|P15| | | | | | | | |
20 216
Divisor setting range (pulse swallow mode) : n=210H~FFFFH (528 ~65535)
(Note) With the 1/2+pulse swallow mode, the actual divisor is twice the programmed value.
+ Direct dividing mode (12bits)
LSB MSB
Address DOH %747 P4|P5|P6|P7|PB|P9|P10|P11|P12|P13|P14|P15| | | | | | | | |
\——Don’t care — _, it
Divisor setting range (direct dividing mode) : n=10H~FFFFH (16~4095)
With the direct dividing mode, data PO~P3 are don’t-care and bit P4 is the LSB.
1995. 6. 20 Revision No : 0 KELC 13/29



KIC9256P/F, KIC9257P/F

2. Prescaler and programmable counter circuit configuration

@ Pulse swallow mode circuit configuration

2 PSC Po~P3
)
F———————- F ;{ __________ -———— 4bit swallow counter
| H |
FMIN CJ_:_‘>_ 1/2 NG 2 modulus | | Preset
: FMy, prescaler :
' | —-| 12bit bl t I——— To phase
\ : g HF : it programmable counter comparator
AMy L FM, MODE l
L |
Prescaler section P4~P15
Fig. 3

This circuit consists of a 2 modulus prescaler, a 4bit swallow counter and a 12bit
programmable counter. During FMn (FMp mode), a 1/2 prescaler is added to the preceding step.

@ Direct dividing method circuit configuration

Amp Preset
AMIN 12bit programmable counter l——— To phase comparator
Py4~Py5
Fig. 4

With the direct dividing mode, the prescaler section is bypassed and the 12bit
programmable counter is used.

@ Both FMx and AMx have built-in amps. Data are input by capacitor coupling. FMin and AMn
operate at low amplitude.

1995. 6. 20 Revision No @ 0 KEE 14/29



KIC9256P/F, KIC9257P/F

O GENERAL-PURPOSE COUNTER

The general-purpose counter is a 20bit counter. It has such uses as counting AM/FM band intermediate
frequencies (IF) and detecting auto-stop signals during auto-search tuning. It also features a cycle
measurement function for such uses as measuring low—frequency pilot signal cycles.

KIC9256P and KIC9256F do not have the cycle measurement function (SCin mode). General-purpose

counter pins can also be used as I/O ports.

1. General-purpose counter control bits

@ Bits GO and G1

Used for selecting the general-purpose counter gate time.

LSB MSB
aadress pat [ 6o | o1 | NN |
N CYCLE MEASUREMENT
GO Gl GATE TIME PULSE
0 0 1 mS 50 kHz
1 0 4 mS 150 kHz
0 1 16 mS 900 kHz
1 1 64 mS Crystal oscillator frequency
@ Bits SC, IF1 and IF2 -+ I/0O port and general-purpose counter switching bits.
The functions of the following pins are switched by data.
1SB MSB
SC
sagress v || |<*1>IIF1|IF|2I | HEEEEEEEEEEEN |
; |
SC I/0-7/SCin IF1 I/0-8 / IFma IF2 1/0-9/IF N2
(%1) (x1) (I/0-5 / IFm1) (I/O-6/TFn2)
1 SCIN 1 IF[Nl 1 IF[N2
0 1/0-7 0 1/0-8 (I/0-5) 0 1/0-9 (I/0-6)
(Note 1) Pin names in parentheses "( )" apply to KIC9256P and KIC9256F.
(Note 2) Bits marked with (1) cannot be set on KIC9256P and KIC9256F.
1995. 6. 20 Revision No : 0 KELC 15/29
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@ Bits M7, M8 and M9 ----- M7 (x1) sets the st

for pin I/O-8/IF

ate for pin I/O-7/SCi, M8 (M5) sets the state
; MO(M6), for pin I/O-9/IF e

These operations are valid when bits SC, IF1 and IF2 are all set to 1.

Address D2H

LSB

MSB

|

I IKF)I%»‘%I(};‘T&I I I

{ i

M7 | M8 | M9 |PIN STATES (When bits SC, IF1 and IF2 are all set to "1”)
(%) | (MbB) | (M6) SCin 1N IFme
0 0 0 Input pulled down

) Input pulled down
() | (%) 1 Input disabled Input enabled
() 1 0 Input enabled

Input pulled down

1 0 0 Input enabled Input pulled down

(Note 1) Bits marked with an asterisk ”"(*)” are don’t-care.
(Note 2) Bit names in parentheses "( )" apply to KIC9256P and KIC9256F.
(Note 3) Bits marked with (¥1) cannot be set on KIC9256P and KIC9256F.

@ Bits f0~f19 ==+

LSB

The general-purpose counter results can be read in binary from bits fO~f19

of the output register (D1H).

MSB
Address D1t |10 |11 |2 |13 |24 [ 5 [ 16 |17 [ 18 | 10 [ 110 111 [112 [ 113 | 114 | 115 | t16] t17] t18] 110 fover]pusy| o | -0 |
2 General—purpose counter data 2"
® OVER and BUSY bits -+ Detect the operating state of the general-purpose counter.
Address D1H MSB
fover|susy| "o" | "0 |
BIT DATA = "1” BIT DATA = "0"

General-purpose counter
operation monitor bit

General-purpose counter busy

General-purpose counter
ended counting

General-purpose counter
overflow detection bit

Counted value in general-
purpose counter = 2%
(Overflow state)

Counted value in general—
20
purpose counter < 27 -1

(Note) When using the general-purpose counter, before referring to the contents of
the general-purpose counter result bits (f0~f19), confirm that the BUSY bit
is "0” (counting is ended) and the OVER bit is "0" (general-purpose counter
data are normal).

® START bit =+ When the data are set to "1”, the general-purpose counter is reset then
counting begins.

LSB

Address D2H I

[ [ 1 e |

0 Counting continues uninterrupted.

1 Counting begins after general-purpose counter is reset.
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2. General-purpose counter circuit configuration

The general-purpose counter section consists of input amps, a gate time control circuit and a 20bit

binary counter.

™ fo~fi19 OVER
= i |
IFiN1 O >
° 20bit binary counter Overflow detection|
Fine O '|>
Cycle measurement Gate
pulse
scin O I Gate time control circuit fxr
(CMOS input) ‘ ‘ ‘ 1 1 1
SC IF1 IF2 START Go G1 BUSY
Fig. 5
3. General-purpose counter measurement timing.
End End
PERIDO PERIOD I-J
Ty 4‘:'1‘1
START bit set to "1” — START bit set to "1”
IFIN1 or SCv
[Fin2
| |
BUSY BUSY
bit bit
— |2 |
Gate Gate
Binary || Binary
counter counter
input input
Clock pulse to be measured Reference clock pulse
Frequency measurement timing chart Cycle measurement timing chart

0<T1=0.25(us), 0<Ts=1 (mS)

Fig. 6

(Note 1) IFin1 and IFme input have built-in amps. Data are input by capacitor coupling. FMn
and AMi operate at low amplitude.

(Note 2) SCiv is configured for CMOS input, so input signals should be logic level.
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O GENERAL-PURPOSE I/O PORTS

These LSIs feature general-purpose output and I/O ports which are controlled through the serial ports.

INPUT/ _ _
OUTPUT FORM KIC9256P, KIC9256F KIC9257P, KIC9257F

INPUT/OUTPUT
CONFIGURATION

Dedicated : 3 ports
Output ports Maximum : 4 ports (1 port for | Dedicated : 4 ports
CMOS output)

N channel open-drain
output

Dedicated : 1 port,

I/O ports Maximum : 2 ports .
/Op P Maximum : 5 ports

CMOS input/output

1. General-purpose output ports (OT-1~0T-4)

Pins OT-1~0T-4 are general-purpose dedicated output ports. They have such uses as control signal
output. They are configured for N channel open-drain output and have an off withstanding voltage of

12V.

The data set in bits O1~04 of the input register (D2H) are output in parallel from their
corresponding dedicated output port pins OT-1~0T-4. KIC9256P and KIC9256F do not have dedicated
output port OT-4, but setting the input register (D2H) CLK (04C) bhit to "1” converts pin DO2 into

output port OT-4 (configured for CMOS output).

The data set in bits O1~04 of the input register (D2H) can also be read from the DATA pins as

output register (D3H) serial data O1~0O4.

@ KIC9257P and KIC9257F

LSB

s [ ] T T T T T T T T T T T T T Jolelolo] T 1]

Hl&

PIN OUTPUT STATE
01~04
OT-1~0T-4
0 High impedance
(N channel open drain output=off)
1 "L level
(N channel open drain output=on)

1995. 6. 20 Revision No : 0 KELC
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® KIC9256P and KIC9256F

LSB MSB
Address D2H (gfé) o1 ]| 02| 03| o4
\ N
04C DO2/OT-4PIN 01~04 PIN OUTPUT STATE
OT-1~0T-3 OT-4 (*1
O D02 - 3 ny n ( )
(phase comparator output) 0 High impedance L" level
OT-4 (N channel open drain output = off) (*1)
! (general-purpose output port) 1 "L" level "H" level
(N channel open drain output = on) (*1)
(Note 1) Bit names in parentheses "( )" apply to KIC9256P and KIC9256F.
(Note 2) (*1) indicates the output state when DO2/OT-4 pin is switched for use as OT-4
output pin (configured for CMOS output).
@ Output register ==+ The data set in bits 01~04 of the input register can be read as serial
data O1~04 from the output register (D3H).
LSB MSB
Address D2H o1 |02 o03]| o4
Input
register
LSB MSB
Address D3H o1 ]| 02| 03| o4
Qutput
register
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2. General-purpose I/O ports (I/O-5~1/0-9)

pins I/O-5~1/0-9 are general-purpose I/O ports used for control signal input and output. They are
configured for CMOS input and output.
These I/O ports are set for input or output using bits C5, C6 and M7~M9 of the input register (D2H).
Setting bits C5, C6 and M7~M9 to "0” sets these ports for input. Data which are input in parallel from
I/O-5~1/0-9 are latched in the internal register on the ninth fall of the serial clock signal. These data
can then be read as serial data 15~19 from the DATA pins.
Setting bits C5, C6 and M7~M9 to "1” sets these ports for output.
Data which are set in bits O5~09 of the input register (D2H) are output in parallel from their
corresponding general-purpose I/O port pins I/O-5~1/0-9.

These operations are valid when bits SC, IF1, IF2 and CLK are all set to "0".

@ KIC9257P and KIC9257F
1SB MSB
sc | F1 | F2 | cik c5 | ce | m7 | M8 | Mo
Address D2H ol Il N am | ¢ | (1) | u5) | (u6)
|
\ I
C5. C6 PIN INPUT/OUTPUT STATE (When SC, IF1 and IF2 are "0")
M7~M9 1/0-5~1/0-9
0 Input port
1 Output port
+ Setting data for output ports
1SB MSB
sc | F1 | F2 | cx c5 | ce| mr| M| Mo 05 | o6 | o7 | o8 | oo
Address D2H
0 | 0" | 0" | "0 (X1T) ("*11') ("*11") Q‘ﬁ) Q‘ﬁ) (©5) | (06)
al
\ \ er
PIN OUTPUT STATE (When SC, IF1 and IF2 are "0")
05~09
I/0-5~1/0-9
0 "L" level
1 "H" level
(Note 1) On KIC9257P and KIC9257F, pins I/O-7~1/0-9 also serve as general-purpose counter input
pins. Therefore, bits SC, IF1 and IF2 of the input register (D2H) must be set to "0” when
pins I/O-7~1/0-9 are used for I/O ports. Since pin I/O-5 also serves as the CLK pin, the
CLK bit of the input register (D2H) must be set to "0” when pin I/O-5 is used as an
1/O port.
(Note 2) Bit names in parentheses "( )" apply to KIC9256P and KIC9256F.
(Note 3) Bits marked with (1) cannot be set on KIC9256P and KIC9256F.
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@ KIC9256P and KIC9256F

LSB MSB
TF1 | IF2 M8 | M9
sawemven | | | JWIE] O] O[] [ ] |(u|5)(u|6) HEEEEEEE
| ]
M5, M6 PIN INPUT/OUTPUT STATE (When IF1 and IF2 are "0")
’ 1/0-5, 1/0-6
0 Input port
1 Qutput port
- Setting data for output ports
LSB MSB
TF1 | IF2 M8 | M9 M8 | M9
Address D2H I (}lﬁ) (3419) (05) | (08)
L]
| ]
05 06 PIN OUTPUT STATE (When IF1 and IF2 are "0")
’ 1/0-5, 1/0-6
0 "L" level
1 "H" level

@ Output register - Data which are set in bits C5, C6 and M7~M9 of the input register (D2H)
can be read as serial data C5, C6 and M7~M9 from the output register (D3H)
MSB

LSB
C5 | C6 | M7 | M8 | M9
Address D2H —— Input register
am| o] en | ms) o) put ree
158 [ 111 ss
Co5 | C6 | M7 | M8 | M9 .
Address D3H 2| e2)| ¢2)| o) ey —— Output register

Data which are input in parallel from pins I/O-5~1/0-9 can be read as serial data 15~19
from the output register (D3H).

LSB MSB

15|18 |17 ]|18]1I9 .
Address D3H ¢2) le2) le2 | a5 | ae) —— Input register

J/0-5 1/0-8 1/0-7 1/0-8 1/0-9

Input data
|
INPUT PORTS BIT DATA
(I/0-5~1/0-9) (15~19)
"L level 0
"H" level 1

(Note 1) Bit names in parentheses "( )" apply to KIC9256P and KIC9256F.
(Note 2) Bits marked with (1) cannot be set on KIC9256P and KIC9256F.
Data are "0” for bits marked with (x¥2) on KIC9256P and KIC9256F.
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(Note 3) When pins I/O-5~1/0-9 are used for output, the data in 15~19 of the output
register (D3H) are undefined.

(Note 4) When power is turned on, input register (D2H) I/O port control bits C5, C6 and
M7~M9 and output data bits O5~09 are set to "0".
(General-purpose I/O ports are set as input ports. Pins which are used both as

general-purpose 1/0 ports and for general-purpose counter input are set for I/O
port input. The output state of general-purpose output ports is set to high impedance
(N channel open drain output=off).

(Note 5) On KIC9256P and KIC9256F, pins I/O-5 and I/O-6 also serve as general-purpose
counter input pins. Therefore, bits IF1 and IF2 of input register 2 must be set to "0”

when these pins are used as I/O ports.

A typical example of data setting for general-purpose counter and I/O port use is shown below.

+ KIC9256P and KIC9257F

LSB MSB
sC | IF1 | 12 7 9
e | ] TETETE] T 1 1 1 1 1 152" T ] |
] I_| [
l | | \
PIN NAME 1/0O-7/SCiy I/O-8/IFmi I/O-9/TF e
Pin function 1/0-7 IFin IFine
Pin input/ Input Input pulled
output state Output port enabled down
As shown above, the pins can be switched as necessary to enable use as an I/O port or
general-purpose counter.
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O PHASE COMPARATOR

The phase comparator outputs the phase error after comparing the phase difference of the reference
frequency signal supplied by the reference counter and the divided output from the programmable
counter. The frequencies and phase differences of these two signals are then equalized by passing them
through low-pass filters. These signals then control the VCOs.

The filter constants can be customized for FM and AM bands since the signals are output in parallel
from the phase comparator then pass through the two tristate buffer pins, DO1 and DO2.

Reference frequency signal

B

Phase DO1 4 FM
O
: x vco

LPF

comparator

Programmable S
counter output

DO2 - aMm
— O
x vco

Vpp 1
Vpp
A

i

To Vgo varactor diode

wu

pe——te———— =

Lomqomm——- j

—— e

- Typical low—pass filter constants

(FM band reference values)
C=0.33uF
Do - R1=10k0
) R2=8.2k0}
Floating High level %tanlgTaé?B 5 Ro-3300

1 =
Low level Ty :25K246(TOSHIBA) Rp,=10k0
or equivalent.
DO Output Timing Chart Typical Active Low—Pass Filter Circuit
Fig. 8 Fig. 9

The figures above show the DO output timing chart and a typical active low—pass filter circuit featuring
a Darlington connection between the FET and transistor.

The filter circuit shown above is just one example. Actual circuits should be designed based on the
band composition and the properties desired from the system.

(Note) On KIC9256P and KIC9256F, pin DO2 can be switched for use as pin OT-4.
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O LOCK DETECTION BITS

The lock detection bits detect locked states in the PLL system. These systems have an unlock detection
bit (unlock bit) which is used to detect, using the reference frequency cycle, the phase difference
between the reference frequency and the divided output of the programmable counter.

These systems also have phase error detection bits (bits PE1~PE-3), which are capable of more precise
detection (F£0.55uS~ £7.15uS).

1. Unlock detection bit (UNLOCK)

This bit detects, using the reference frequency cycle, the phase difference between the reference
frequency and the divided output of the programmable counter. When there is no lock, that is, when
the reference frequency and the divided output of the programmable counter are not the same, unlock
F/F is set.

Unlock F/F is reset every time the input register (D2H) unlock reset bit (RESET) is set to "1”.
After unlock F/F has been reset in this way, locked state can be detected by checking the unlock
detection bit (UNLOCK) of the output register (D3H). After unlock F/F has been reset, the unlock
detection bit must be checked after a time interval exceeding that of the reference frequency cycle
has elapsed. This is because the reference frequency cycle inputs the lock detection strobe to unlock
F/F.

If the time interval is short, the correct locked state cannot be detected. Therefore, the output
register (D3H) has a lock enable bit (ENABLE). This bit is reset every time the input register
(D2H) reset bit is set to "1”, and set to "1” through the lock detection timing. That is, the locked
state is correctly detected when the lock enable bit (ENABLE) is "1”.

Reference frequency i |

Programmable
counter output

|
|
|
|
|
|
|
DO output - - ....I'— ............................. -

"L’ level

Phase comparator

o
| 1
| |
| |
| |
Lock detection strobe (h d>

Unlock is reset \ \
(RESET)

Unlock F/F
(UI\?LCOCK)/ O/

T
|
|
|
|
|
|
|
|
|
|

——f———=
—_ _______<

0
ey S

Lock enable
(ENABLE)

—

Phase error detection W M W
|
| |

i |
Counts phase difference.

3
\

Fig. 10
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LSB

MSB

Address DRH

RESET

LSBl

| L Setting data to "1” resets

MSB

ENA—-

Address D3H BLE

LOCK

PLL lock detection enabled

PLL lock detection in
waiting state

——— Input register

unlock detection bit and lock enable bit.

——— Output register

PLL in unlocked state ()

PLL in locked state

(Note) The asterisk "(*)” indicates an error state of over 180° phase difference relative to the reference
frequency.

2. Phase error detection bits (PE1~PE3)

The unlock bit detects, using the reference frequency cycle, the phase difference between the reference
frequency and the divided output of the programmable counter. The phase error detection bits (bits PE1
~PE3) are capable of precise phase error detection of 055~ =£7.15¢s using the reference frequency
cycle. (If the UNLOCK bit is set to "1” and the phase difference relative to the reference frequency is
over 180° , bits PE1~PE3 cannot correctly detect the phase error. Therefore, bits PE1~PE3 are
normally used when the UNLOCK bit is set to "0”.) Bits PE1~PE3 detect phase error normally when

the phase difference is -180° ~ 180° relative to the reference frequency cycle.
LSB MSB
Address D3H PE1 | PE2 | PE3
|
PE1 PE2 | PE3 PHASE ERROR (PE)

0 0 0 PE<£0.55uS

0 0 1 *+0.55uS< PE< *1.651S

0 1 0 F1.65uS< PE< X2.751S

0 1 1 E£275uS< PE<£3.851S

1 0 0 £3.85uS< PE<£4.954S

1 0 1 T495uS< PE< £6.051S

1 1 0 £6.05uS< PE<X7.15uS

1 1 1 T7.15uS< PE

The phase error data can be read from the output register (D3H) as serial data PE1~PE3.

——— Output register
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Following is a typical lock detection operation. It shows the operation flow from locked state to frequency
change with a phase error greater than £4.95uS and less than +6.05uS.

Frequency change

WAIT

Phase error detection
start
Reset bit <« 1

WAIT

Time interval exceeding that of
reference frequency cycle

NO

ENABLE=1 ?

YES

NO (UNLOCK)

UNLOCK bit=0 ?

YES | (LOCK)

Check phase error
detection bits PE1l, PE2
and PE3

PE1=1, PE2=0, PE3=1 ?

Phase error=greater than +4.95us and
less than *£6.05us

Fig. 11
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O OTHER CONTROL BITS
1. CLK(O4C) and C5(XT) bits - Control bits which switch the function for the I/O-5/CLK pin on
KIC9257P and KIC9257F and the OT4-/DO2 pin on KIC9256P and
KIC9256F.
@D On KIC9257P and KIC9257F, the CLK bit controls switching of the I/O-5 pin and CLK Pin.

+ When bits RO~R3 of the input register (DOH) are all set to "1” (standby mode)

LSB MSB
CLK C5
Address D2H (04C) (XT)
T l
!
. o . CRYSTAL OSCILLATOR
CLK | C5 I/0-5/CLK PIN STATE CIRCUIT STATE
0 0 Input port
1/O port Oscillator circuit off
0 1 Output port
1 0 System clock off
CLK output (CLK at "L" level) Oscillator circuit on
1 1 System clock output ()

+ When one of bits RO~R3 of the input register (DOH) is set to "0” (not standby mode)

LSB MSB
CLK C5
Address D2H (04C) (XT)
l% l
!
. . s i x e CRYSTAL OSCILLATOR
CLK | C5 I/0-5/CLK PIN STATE CIRCUIT STATE
0 0 Input port
I/O port
0 1 Output port
Oscillator circuit on
1 0

CLK output | System clock output (*)

(Note 1) The system clock output marked with an asterisk "(*)” refers to output of the
crystal oscillator frequencies listed below.

CRYSTAL OSCILLATOR SYSTEM CLOCK o
(MHz) (kHz) DUTY (%)
10.8
7.2 600
50
3.6
45 750

(Note 2) Bit names in parentheses "( )" apply to KIC9256P and KIC9256F.
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@ On KIC9256P and KIC9256F, the O4C bit controls switching of the DO2 pin and OT-4 pin.

« When bits RO~R3 of the input register (DOH) are all set to "1” (standby mode)

LSB MSB
CLK C5
Address D2H (04C) (XT)
l i
N < . CRYSTAL OSCILLATOR
O4C | XT DO2/0T-4 PIN STATE CIRCUIT STATE
0 0 Oscillator circuit off
DO2 output B .
0 1 Oscillator circuit on
1 0 Oscillator circuit off
OT-4 output - —
1 1 Oscillator circuit on
+ When one of bits RO~R3 of the input register (DOH) is set to "0” (not standby mode)
LSB MSB
CLK C5
Address D2H (04C) (XT)
| !
N < . CRYSTAL OSCILLATOR
O4C | XT DO2/0T-4 PIN STATE CIRCUIT STATE
0 0
DO2 output
0 1 . .
1 0 Oscillator circuit on
OT-4 output
1 1
2. DOHZ bit -+ Controls the DO2 pin output state.
LSB MSB
Address D2H DOHZ
0 DO2 output in normal operation
(phase comparison error output)
1 DO2 output fixed at high impedance
3. TEST bit --- Data should normally be set to "0".
LSB MSB
Address D2H ’l:,EO§T
(Note) Bit names in parentheses "( )" apply to KIC9256P and KIC9256F.
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INPUT LEVEL (mVpps)

AM|y (LF) Frequency Characteristics

1414
500
200

100
71

fg =2 ——=
5
2

1
0102 051 2 5 10 20 50 100
INPUT FREQUENCY (MHz)

(Note) W/ Operating Guarantee Range

INPUT LEVEL (mVpps)

(Vpp=4.5~5.5V, Ta=—40~85°C)
—— Standard Characteristics

(Vpp=5V, Ta=25°C)

AMy (HF) Frequency Characteristics

1414
500
200
100

71
20 =<1
10
5
2

1
0102 051 2 5 10 20 40 100
INPUT FREQUENCY (MHz)

(Note) Operating Guarantee Range

(Vpp=4.5~5.5V, Ta=—40~85°C)
- Standard Characteristics

(Vpp=5V, Ta=25°C)

FMin Frequency Characteristics

1414 AT ETERLTIT
500

200
106 CRRRKKRK s
71

10

INPUT LEVEL (mVpmpg)
A
\

0 40 80 120 160 200
INPUT FREQUENCY (MHz)

FMpy: FM
(Note) m N H Operating Guarantee Range
Vpp=4.5~5.5V, Ta=-40~85°C
+ FMIN: FML ( b )
w4
Standard Characteristics (Vpp=5V, Ta=25°C)

IFin Frequency Characteristics

1414
500
200

100
71

20 -
10
5

2

INPUT LEVEL (mVppg)
\

1
003 0.102 051 2 5 15 50
INPUT FREQUENCY (MHz)

(Note) Operating Guarantee Range
(Vpp=4.5~5.5V, Ta=—40~85°C)
—— Standard Characteristics

(Vpp=5V, Ta=25°C)
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