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MB1505

SERIAL INPUT PLL FREQUENCY SYNTHESIZER

LOW POWER SERIAL INPUT PLL
SYNTHESIZER WITH 600MHz PRESCALER

The Fujitsu MB1505, utilizing BI-CMOS technology, is a single chip serial input
PLL synthesizer with pulse-swallow function.

The MB1505 contains a 600MH; two modulus prescaler that can select of either
32/33 or 64/65 divide ratio, control signal generator, 16-bit shift register, 15-bit
latch, programmable reference divider (binary 14-bit programmable referance
counter}, 1-bit switch counter, phase comparator with phase conversion function,
charge pump, crystal oscillator, 19-bit shift register, 18-bit latch, programmable
divider (binary 7-bit swallow counter and binary 11-bit programmable counter) and
analog switch to speed up lock up time.

It operates supply voltage of 5V typ. and achieves very low supply current of 6mA
typ. realized through the use of Fujitsu Advanced Process Technology.

» High operating frequency: fix nax=600MHz (Vi uan=—4dBm)
¢ Pulse swallow function: 32/33 or 64/65
» Low supply current: lec=6mA typ.
« Serial input 18-bit programmable divider consisting of:
© Binary 7-bit swallow counter: 0 1o 63
© Binary 11-bit programmable counter: 16 to 2047
« Serial input 15-bit programmabile reference divider consisting of:
o Binary 14-bit programmable reference counter: 8 to 16383
o 1-bit switch counter (SW) sets divide ratio of prescaler
« On-chip analog switch achieves fast lock up time
s 2types of phase detector output
o On-chip charge pump (Bipolar type)
© Output for external charge pump
« Wide operating temperature: —-40°C to +85°C
» 16-pin Plastic DIP Package (Suffix : -P)
16-pin Plastic Flat Package (Suffix : —PF)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Power Supply Voltage z:c _\?: :: :07;) \\;
Qutput Voltage Vour ~0.510 Vee +0.5 v
Open-drain Voltage Voo -0.5100.8 v
Qutput Current loyr +10 mA
Storage Temperature Tste 5510 +125 °C

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

OSCw Eo 6] @R
0SCour [2] [15] op
Ve E E four

Veo {é _1:__g|1 BISW
Ds [5 12 FC
GND [6] 1] LE
Lo 7] (10] Data
tn [&] 9] Clock

Top View

NOTE: Permanent device damac?e may occur if the above Absolute Maxi-
mum Ratings are exceeded. Functional operation shoutd be restricted
to the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Copyright® 1990 by FUJITSU LIMITED

This device contains circuilry 1o protect tha inputs against
damage due to high static voltages or slectric fields. How-
ever, it is advised that normal precautions be taken to
avoid application of any voitage higher than maximum
rated volages to this high impedance circuit.
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MB1505 BLOCK DIAGRAM
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Pin No. Pin Name (e Description

1 OSCi | Oscillator input.

2 OSCour O | Oscillator output.
A crystal is placed between OSCy and OSCour.

3 Ve — | Power supply input for charge pump and analog switch.

Vee ~ | Power supply voltage input.
5 D o Charge pump output. 3
° The characteristics of charge pump is reversed depending upon FC input.

6 GND — | Ground.
Phase comparator output.

7 LD O | Normally this pin outputs high level. While the phase difference of f, and f;, exists, this
pin outputs low level.

Prescaler input. .

The connection with an external VCO should be AC connection.

Clock input for 19-bit shift register and 16-bit shift register.

On rising edge of the clock shifts one bit of data into the shift registers.

9 Clack 1

Binary serial data input.

The last bit of the data is a control bit which specified destination of shift registers.

10 Data 1 When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans-
ferred to 18-bit latch.

Load enable input (with internal pull up resistor).

1 LE | When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected

to BISW pin because internal analog switch becomes ON state.

Phse select input of phase comparator (with internal pull up resistor).

12 FC | When FC is low level, the characteristics of charge pump, phase comparator is re-
versed.

FC input signal is also used to control f,, pin (test pin) output level, f, or f,.

Analog switch output.
13 BISW O | Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE
pin is high level), this pin outputs internal charge pump state.

Minitor pin of phase comparator input.

fou Pin QUtpULs either programmable reference divider output (f) or programmable di-
14 four O | vider output () depending upon FC pin input level.

FC=H: It is the same as {, output level.

FC=L: It is the same as f; output level.

15 opP
16 @R

Qutputs for external charge pump.
The characteristics are reversed according to FC input.

@P pin is N-channel open drain output.

[ e)
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FUNCTIONAL DESCRIPTIONS

SERIAL DATA INPUT

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable

reference divider and 18-bit programmable divider, respectively.

Binary serial data is input to Data pin.

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open,
3 stored data is transferred into latch depending upon the control bit.

Contral data "H” data is transferred into 15-bit latch.

Control data "L” data is transferred into 18-bit latch.

PROGRAMMABLE REFERENCE DIVIDER

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is
shown below.

Control bit Divide ratio of prescaler setting bit
| ‘— LSB MSB —‘ I

cl|S|s|{s|s|s|s|s|{s|[s|{s|s]ls|[s|s]s
tip21314)616718]9|10]11112]13[14]W

|'— Divide ratio of programmable reference counter setting bit —’I

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO

%i;i&essssssssssssss
R (14| 13|112{11}j10] 9|87 |6]s5|4]3[2]1

8 0 clojof{oflojojJo|o}]o 1 (O I ]
9 ojojojojojojojojolfo 1 cf0 1
L] » . . . L L L] - L] - . . L L]

16383 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1

NOTES: Divide ratio less than 8 is prohibited.
Divide ratio: 8 to 16383
SW:This bit selects divide ratio ot prescaler.
SW=H :32/33
SW=L :64/65
S1to S14: These bits select divide ratio of programmabile reference divider.
C: Control bit {sets as high level).
Data is input from MSB side.

PROGRAMMABLE DIVIDER

Programmabile divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter.
Serial 19-bit data format is shown following page.
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Control bit
I r— LSB MSB ——‘
c|s|SsS]|]s|Ss|s|s|S|S|s|s|s|]s|s|SsS}|s|[s]s]|sS
112345167819 |10[11)112]|13}14]165] 16} 17| 18
Divide ratio of swallow _+_ Divide ratio of programmable .I
counter counter
setting bit setting bit
7-BIT SWALLOW COUNTER DIVIDE RATIO 3
Dvide | gl s|is|s|[s]|s|s
Ratio
A 71654 13]2]|1
1} oJojJojojojlojo
1 [ 0 0 0 0 0 1
* L * L4 L] L4 L] .
63 0 1 1 1 1 1 1
NOTE: Divide ratio: 0 to 63
S7 should be set to zero
11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO
Dvide | s [s|s|s|s|s|s|s|s]|s
Ratio
N |18}17| 1615141 13| 12]41]|]10] 9| 8
16 cjojojojojo|t1]|]otojol]1
17 cJojojJofofjoft1]joOo]oOofoO]H1
* . L - . * . - . L] - *
2047 1 1 1 1 1 1 1 1 1 1 1
NOTES: Divide ratio less than 16 is prohibited.
Divide ratio: 16 to 2047
S1 to S7: Swallow counter divide ratio setting bit. (0 to 63)
S8 to $18: Programmable counter divide ratio setting bit. (16 to 2047)
C: Control bit {sets as low level).
Data is input from MSB side.
PULSE SWALLOW FUNCTION
fvco= [(PXN)+A] xfosc+R
fveo: Output frequency of external voltage controlled oscillator (VGO)
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047)
A: Preset divide ratio of binary 7-bit swallow counter (0sA<63, A<N)
fosc: Output frequency of the external reference frequency oscillator
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383)
P: Preset modulus of external dual modulus prescaler (32 or 84)
3-1
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FUJITSU MICROELECTRONICS 47E D

MB1505
SERIAL DATA INPUT TIMING
t —ts21ps

Data S18=-MSBXS17 . 810*89 . s1=LSBX C: CONTROL BIT

*SW) | (S14) (s8) | (87) (s1) C: CONTROL BIT)

4 9 4
Clock
. I
[ et 1,1 he— ty—= o t,— ‘Jnti
ts

NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider.
On rising edge of clock shifts one bit of data in the shift register.

PHASE CHARACTERISTICS
VCO CHARACTERISTICS

FC pin is provided to change phase characteristics of phase
comparator. Characteristics of internal charge pump output level (D),

phase comparator output level (2R, 2P) are reversed depending upon 5
FC pin input level. Also, monitor pin (f.) output level of phase uzJ
comparator is controlled by FC pin input level. The relation between 8
outputs (Ds, @R, eP) and FC input level are shown below. E
w
-
=]
o
FC=H or open FC=L 5
(o]
Do|eR|eP| fow | Do | cR | P | fou 8
>
f>ty HiLJL} ®) LIH|Z | ()
VCO INPUT VOLTAGE —
fi<fy LI{H]jZ}| @ [HfL]L {f)
fi=fy ZyLrlz|w|zZzLy}z {fs)

Note:

Z=(High impedance)

Depending upon VCO characteristics, FC pin should be set accordingly:
When VCO characteristics are like (), FC should be set High or open circuit;
When VCO characteristics are like (@, FC should be set Low.
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S T s

i 1 L f Lf

w ] | L] N
}

r o

H ] ' 1
oo e At I il T S N
f>fa f=fs fr<fy fi<fy fo<f,

NOTES: Phase difference detection range: ~2x 10 +2n
Spike appearance depends on charge pump characteristics. Also, the spike is output in order 1o diminish dead band.
When f>1, or 1,<f,, spike might not appear depending upen charge pump characteristics.

ANALOG SWITCH

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) to be
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state.

LE=H {Changing the divide ratio of internal prescaler) : Analog switch=ON
LE=L (Normal operating mode} : Analog switch=OFF

LPF time constant is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing.
Thus, lock up time is decreased, that is, fast lock up time is achieved

CHARGE PUMP LPF-2 Veo

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Unit
Min Typ Max

Vee 45 5.0 6.5 \
Power Supply Voltage

Ve Vee Ve 8.0 1
Input Voltage Vi GND Voo \'
Operating Temperature Ta -40 85 °C
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Value
Parameter Symbol Condition Unit
Min Typ Max
Power Supply Current lee Note 1 6.0 mA
fa f Note 2 10 600 MHz
Operating Frequency
OSCw fose 12 20 MHz
3 fm Via -4 6 dBm
Input Sensitivity
OSCw Vose 0.5 Ver
High-level input Voltage Except fi, Vin Veex0.7 v
Low-level Input Voltage and OSCw Vo Veex0.3 v
High-level Input Current Data b 1.0 A
|
Low-level Input Current Clock h -1.0 pA
OSCiw losc 50 pA
Input Current
LE,FC le —60 RA
High-level Output Current Except Do Vou Vee=5V 44 \
Low-level Output Current and OSCour Vou 0.4 v
N-channel Open Drain Ve=Vcc 0 BV
Cutotf Current Do, @P lore Vw,,:(c;ND o 8V H A
lo -1.0 mA
Qutput Current E:gegs% .
T oy 1.0 mA
Analog Switch On Resistor Ron 25 Q

NOTE 1: {,=600MHz, OSGy=12MHz, V.c=5V. Inputs are grounded and outputs are open.
NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected.
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TEST CIRCUIT
= V=5V V=6V
o_mf:_r" X'tal
1000,F _1__1""}""1
e A INE:
500 I
8 7 6 5 4 3 2 1
MB1505
9 10 11 12 13 14 15 16 .
.’47.747.747 L -0 Oscilloscope
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TYPICAL APPLICATION EXAMPLE

Vex(6V
ex(&V) l OUTPUT

LPF ——“I vCco '_0—.

Charge Pump
O Selection
{Internal or
external)
FROM
CONTROLLER
0
0

—0

@R |@P |tar |BiSW |[FC |[LE |Data |Clock itﬂk 47k
16 15 14 13 12 11 10 9

MB1505
1 2 3 4 5 6 7 8

OSCy | OSCour |V, Vee Do GND |LD £
D i
|

X'tal 1000p Vec(BV)

gc. ;Cz B

O LOCK DET

10k

Vo, Vex : BV max.
C,, C; : Depends on crystal oscillator
LE,FC : With internai pull up resistor

@P  : Open drain output
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(Case No. : DiP-16P-M04)

- - 770+ $%8119.65 1029 - .~
woex 1[92 MM M M1 l’n'l[ﬂ'lfﬂ‘lﬂ...T ="
i |

244+ 010 300(7.62)
{6.20+0.25) TYP

7

INDEX-2 . ;
AT
+. +
—l L | os0* 0101002
©.99 7939 (152+92:30, {0.25+0.05)
[ \ Ii’ I 172(4.36) MAX
J‘{ 118(3.00) MIN

018+ 003

100(2 54)
Yo 10462008 020(0.51) MIN

050(1.27) !
MAX TYP

Dimensions in
inches (millimeters)

1988 FUNTSU LIMITED D160335-2C
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MB1505
16-LEAD PLASTIC FLAT PACKAGE
(Case No. : FPT-16P-M02)
089(2.25) MAX
[T "T(SEATED HEIGHT)
+.010 +0.25 X
~ 40070 g(10.15 7 2 8y ;
j [0020.05)MIN
H H H H H H T {STAND QFF}
' ,‘Lr
307+.016 ~
INDEX (7.80+0.40) + 016 +0.40,
209+ 012 268 _ 505680 _g 20!
o {5.304 0.30)
1 i
FOEHEHE 0202 008
i co ' {0.50+0 20}
il
050(1.27) »Ol&‘ﬂ‘i._—__—j __h_ 006t 9025 15 +0085,
TP —'LR).AS:O 10 2122050131 w —0017 o002
res- - oo T Tn
1 Details of "A” pan
A : .00B(0.20)!
I .
. I & f’i :
BEESSCI
\ 020(0.50
; 007018} !
350(8.89) REF —| : oavoEm |
L L S
""""" Dimensions n
© l!!ﬂﬂ FlllITSlJ I.IHITED FIEUDSS'%‘ inches (milhmeters)
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