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DATASHEET —

ASSP for DTS
Bi-CMOS
1.1 GHz PLL Frequency Synthesizer

MB15A01

m DESCRIPTION
The MB15A01 is a serial-input PLL (phase locked loop) frequency synthesizer LS| supporting a pulse swallow system.

The LSl consists of: a 1.1 GHz band, dual-modulus prescaler allowing either of 64/65 and 128/129 frequency divisions
to be selected, a control signal generator circuit, a 19-bit shift register, a 15-bit latch, a reference divider (binary 14-
bit reference counter), a 1-bit switch counter, a phase comparator with phase conversion functions, a charge pump,
a crystal oscillator, an 18-bit latch, and programmable dividers (binary 7-bit swallow counter and binary 11-bit pro-
grammable counter).

The LSl is housed in a 16-pin or 20-pin SSOP package, contributing to space saving of the system incorporating it.

In addition, the MB15A01 operates at a low supply voltage of 3.0 V (typical), achieving low current consumption
(typically lcc = 6.5 mA)

m FEATURES
 Operation at high speed: fin=1.1 GHz (Vin =-10 dBm)
 Pulse swallow function: Internal dual-modulus prescaler allowing either of 64/65 and 128/129 frequency

divisions to be selected
e Low current consumption:  lcc = 6.5 mA (typical)

(Continued)

m PACKAGES

16-pin Plastic SSOP 20-pin Plastic SSOP

(FPT-16P-MO5) (FPT-20P-M03)
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(Continued)

Serial-input 18-bit programmable divider

Divide ratio of binary 7-bit swallow counter (0 to 127)
Binary 11-bit programmable counter (16 to 2,047)
Serial-input 15-bit reference divider

Divide ratio of binary 14-bit programmable reference counter (6 to 16,383)

1-bit switch counter (for setting the prescaler divide ratio)

Serial data configuration compatible with conventional models such as MB1511
Two different phase comparator outputs

Internal charge pump output (bipolar type)

Output for external charge pump

Wide range of operating temperature: Ta = —40 to +85°C

m PIN ASSIGNMENTS

oscw [ |1 16[ ]

OSCour [ ] 2 15 ]

ve [ |3 14 ]
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m PIN DESCRIPTION

Pin No.
Pin name |1/O Function
SSOP-16 | SSOP-20
Crystal oscillator connection pin serving as a reference divider input
1 1 OSC I : . L .
pin (Oscillator circuit input pin)
2 3 OSCour O |Crystal oscillator connection pin (Oscillator circuit output pin)
3 4 v __ | Power supply pin for charge pump output
F Connect this pin to Vcc when the internal charge pump is not used.
4 Vee — | Power supply pin
Do O |Internal charge pump output pin
GND — |GND pin
7 8 LD o Lock detector output pin
When locked: LD = “H”, When unlocked: LD = “L”
, Prescaler input pin
8 10 fin I The pin must be AC-coupled for input.
9 11 Clock | Clock input pin for 19-bit and 16-bit shift registers
The shift resistors reads data at the rise of the clock pulse.
Binary-coded serial data input pin
10 13 Data | The last bit in the data is a control bit.
Control bit = “H”: Sends data to the 15-bit latch.
“L": Sends data to the 18-bit latch.
Load enable signal input pin (with pull-up resistor)
11 14 LE I |When LE = “H", the pin sends the contents of the shift register to the
latch according to the control bit.
Phase comparator phase switching pin (with pull-up resistor)
12 15 EC | When FC = “L”, the pin inverts characteristics of the phase
comparator.
It also switches the fout pin (test pin) output between fr and fp.
2,9, 12, .
13 16, 19 N.C. — | No connection.
Phase comparator input monitor pin
14 17 fout o The pin outputs the reference divider output (fr) or programmable
divider output (fp) signal depending on the FC pin input level. Itis an
N channel open-drain output.
Phase comparator output pin for external charge pump
15 18 aP o] T :
This pin is an N channel open-drain output.
Phase comparator output pin for external charge pump
16 20 oR o This pin is a CMOS output.
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m BLOCK DIAGRAM
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m ABSOLUTE MAXIMUM RATINGS

Parameter Symbol - Rafing Unit Remarks
Min. Max.
Vce -0.5 +5.0 V
Power supply voltage v Ve 180 v
Output voltage Vo -0.5 Vceec + 0.5 \%
Open-drain voltage Voor -0.5 +6.0 \% aP pin
Output current lo -10 +10 mA
Storage temperature Tstg -55 +125 °C

Precaution: Permanent device damage may occur if the above absolute maximum ratings are exceeded. Func-
tional operation should 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.

m RECOMMENDED OPERATING CONDITIONS

Value )
Parameter Symbol - Unit

Min. Typ. Max.
b | " Vce 2.7 3.0 35 V

ower su voltage

PPy g Vp Vce — 6.0 \
Input voltage Vi GND — Vee Vv
Operating temperature Ta -40 — +85 °C

Precautions: Although the MB15A01 contains an antistatic element to prevent electrostatic breakdown and the

circuitry has been improved in electrostatic protection, observe the following precautions when
handling the device:

« When storing or carrying the device, put it in a conductive case.

e This is static-sensitive device; take proper anti-ESD precautins. Ensure that personnel and
equipment are properly grounded. Cover workbenches with grounded conductive mats.

 Before fitting the device into or removing it from the socket, turn the power supply off.

 Protect leads with conductive sheet when handling or transporting PC boads with devices.
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m ELECTRICAL CHARACTERISTICS

(Vcc=2.7V1t03.5V, Ta=-40°C to +85°C)

- Value i
Parameter Symbol Condition - Unit
Min. Typ. Max.
Vce =3V, assuming fin = 1.1
Power supply current lcc GHz and OSCi = 12 MHz, in — 6.5 — mA
locking
Must be AC—coupIedf. The
] - s minimum operating fre- .
Operating fre- fin fin guency assumes coupling at 10 1100 | MHz
guency 1000 pF
OSCin | fosc — — 12 23 MHz
. 50 Q system o
o fin Vi (Refer to the test circuit exam-| -10 — 6 dBm
Input sensitivity ple)
OSCwn | Vosc — 0.5 — — Vp-p
“H” level input volt-
age P Clock | V# — Vee x07 |  — — v
“L” level input volt Egta
evel input volt- o o L
age Vi Vce x 0.3 \
“H” level input cur- I _ _ _ 1.0 A
rent glock H
“L” level input cur- ata
rent P I — — — -1.0 HA
OSCin | losc — — 50 — HA
Input current
LE, FC |Ile — — —60 — HA
;Hg’;'e"e' OUtPUtVOlt- | 5 1 D [Von | Vee =3V, low=—1.0 mA 2.1 — — v
ages e outputvolt- 1ORR, v |Vee=3V, o= 1.0 mA — — 0.4 v
High-impedance Do Ve =Vcct0 6.0V
cutoff current gP lor Voor = GND t0 6.0 V - - 11 HA
@R, LD |lon Vec=3V -1.0 — — mA
Output current
P BER 1o Vee =3V — — 10 | mA




o)
MB15A01 FUJITSU

m FUNCTIONAL DESCRIPTIONS

1. Pulse Swallow Function

For the pulse swallow function, use the following equations to select their respective setting values:

fvco= ((P X N) + A) x fosc + R

fvco : Output frequency of externally connected VCO

P . Prescaler divide ratio (64 or 128)

N : Divide ratio of 11-bit programmable counter (16 to 2047)

A . Divide ratio of 7-bit swallow counter (0 to 127, A < N)

fosc . Reference oscillation frequency

R . Divide ratio of 14-bit programmable reference counter (6 to 16383)

2. Serial Data Input Method

Serial data is processed using three input pins (Data, Clock, and LE pins) to control the 15-bit reference divider
and the 18-bit programmable divider separately.

Input binary-coded serial data to the Data pin.

Serial data is input to the internal shift register in sequence at the rise of each clock pulse. When the load enable
signal input pin has a high level (or open), the input data is transferred to the latch depending on the control bit.

Control bit = “H": Transfer to the 15-bit latch
Control bit = “L”: Transfer to the 18-bit latch
(1) Divide Ratio of Reference Divider

The reference divider consisits of a 16-bit shift register, a 15-bit latch, and a 14-bit reference counter. Serial data
is made up of the following 16 bits:

Control bit Prescaler divide ratio setting bit

1» LSB MSB _l

S|S|S|S|S|S|S|S|S|Ss|S|[s|s]|s|s =N
c|1|2 (3 |4 |5|6]|7 |8 |9 |10|11 12|13 |14 (W
Divide ratio setting bits for programmable reference counter

* 14-bit programmable reference divide ratio
Dividerato| S |S |S |[S |S|S|S|S|[S|S|S|S|S]|S

R 14 113 (12 (11 |10 19 [ 8 | 7 |6 |5 14 |3 ]2 |1

6 o|o|o|fo0o|lO|JO]JO]|JO|O|O]|O

7 ofofojojofjofjfojojo|joOojO|1]|1]|1
Note: The divide ratio must not be less than 6. (Set value: 6 to 16383)

SW: Prescaler division bit

SW = “H": 64/65 division

SW = “L": 128/129 division
S1 to S14: Divide ration setting bits (Divide ratio of 6 to 16383)
C: Control bit (Set it to “H”.)

Note: Start data input with MSB first.
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(2) Divide Ratio of Programmable Divider

The programmable divider consists of a 19-bit shift register, an 18-bit latch, 7-bit swallow counter, and an 11-bit
programmable counter. Serial data is made up of the following 19 bits:

Control bit

l— LSB MSB ‘l

S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S|S
1|2 7

Swallow counter divide ratio Programmable counter divide ration setting bits
setting bits

¢ 7-bit swallow counter divide ratio

Divideratio| S | S |S [S |S |[S | S Dividerato| S |S |S [S |S |S|S|S |S|S|S
A 7 6 5 4 3 2 1 N 18 |17 (16 |15 |14 113 [12 (11 [10 ] 9 8
0 0 0 0 0 0 0 0 16 0 0 0 0 0 1 0 0 0 0 0
1 0 0 0 0 0 0 1 17 0 0 0 0 0 1 0 0 0 0 1

(Setvalue: 0to 127) Note: The divide ratio must not be less than 16. (Set value: 16 to 2047)

S1 to S7: Swallow counter divide ratio setting bits (Divide ration of O to 127)
S8 to S18: Programmable counter divide ration setting bits (Divide ration of 16 to 2047)
C: Control bit (Set it to “L")

Note: Start data input with MSB first.

(3) Serial Data Input Timing

Data MSB >< LSB >< C: Control

t1, t4>100 ns, t2>1000 nw, t3>300 ns, t5>800 ns

Note: Serial data is fetched a the rise of each clock pulse.
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3. Relation between FC Pin Inputs and Phase Characteristics

The FC pin is the phase switching pin for the phase comparator. Controlling the FC pin inverts the characteristics
of the internal charge pump output (Do) and phase comparator outputs (R, gP). In addition, the phase com-
parator input monitor pin (fout) is also controlled via the FC pin. The following table lists relation between FC pin

inputs and Do, @R, gP, and fout:

FC: “H” (or open) FC: “L"
Do oR oP fout Do oR oP fout
fr > fp H L L L H Z
fr<fp L H z fr H L L fp
fr="1p 4 L z z L

Z: High impedance

When disigning a synthesizer, control the FC pin depending on the VCO polarity.

* When the VCO polarity is (1)
FC: “H” or open

* When the VCO polarity is (2)
FC: “

VCO output frequency

()

Note: When using an active lowpass filter, pay attention to its polarity

VCO input voltage
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m PHASE COMPARATOR OUTPUT WAVEFORMS

fr

fp

"twl

LD -

When the FC bit = “H”

. i
" ]

When the FC bit = “l”

’ L
. r

Notes: + A phase differecnce is detected between -2mtand +21, with gain = Vp/4mt
* The LD output goes low when it becomes phase between phase difference two or more.
The LD output goes high when it remains equal to or smaller than twl, for three cycles or
more.
» twu and twL are determined by the OSCIN input frequency as follows:
twu = 8/fosc (s)
When focs = 12.8 MHz: twu = 625 ns
twl < 16/fosc (s)
When fosc = 12.8 MHz: twl < 1250 ns
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m TYPICAL CHARACTERISTIC CURVES

1. Do Output Current Characteristics

High level output voltage VoH (V)

High level output voltage VoL (V)

IOH vs VOH characteristics

High level output current loL (mA)

5.000
Vcc =3V
Vp=3V RS
Ta=25°C
.5000
[div
.0000 \
.0000 -2
High level output current IoH (mA)
VOH vs IoH characteristics
5.000 /
/ Vcc=3V
Vp=3V —
/ Ta=25°C
.5000 /
Idiv l
.0000
.0000 -2

11
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2. fin Input Sensitivity Characteristics

+15

Input frequency vs input sensitivity

+10

+5

G

Ta=+2l°C —

Guranteed range

\
W\
!
oz
A T

—

——\/CC = 3.5V

Input sensitivity Vfin (MHz)

\

=

—Om\/CC = 3.0V ——

—_—=\Vcc =27V

200 400 600

800

1000 1200

Input frequency fin (MHz)

1400

1600

1800

2000

3. OSCw Input Sensitivity Characteristics

Input frequency vs input sensitivity

Input frequency fosc (MHz)

+10
Guranteed |
+5 range Ta=+425°C —
0 X
5 s W
= / AN
X
¥ 10 /XM
I X
=3
S -15
(%]
o)
> -20
2
2 25
%)
2 4
& -30
5 / ——\/CC = 5.5V
g 35 —_—O—\cC=50V — |
- }{ —=\/cC = 4.5V
-40 7 /
-45 II>< 7
- U%
-55
-60
10 20 30 40 50 60 70 80 90 100
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4. fin Input Impedance Characteristics

Input Impedance

fin

fosc (MHz)

1: 14539 Q
-125.61 Q
500 MHz

2: 9.6484 Q
-69.262 Q
800 MHz

3: 9.9023 Q

START 100.000 000 MH

—46.156 Q
1 GHz

4: 10.102 Q
-37.453 Q
3.8631 pF

1.1 GHz

5. OSCw Input Impedance Characteristics

OSC

1: 1.425kQ
—3.5698 kQ
10 MHz

2: 1.0444 Q
—2.637 kQ
15 MHz

3: 800.75 Q

START .500 000 MHz

—2.2129 kQ
20 MHz

4: 670.13 Q
~1.8371 kQ
3.4653 pF
25 MHz

STOP 100.000 000 MHz

13
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m TEST CIRCUIT EXAMPLE (fin/OSC w Input Sensitivity Measurement)

1000pF

50Q

Vcc Vp

0.1pF r '_l 0.1uF
;L ;L 1000pF

SG
50Q

12 14 2kQ

Controller (divide ratio setting)

A Oscilloscope

i

fout output monitor selection using the FC pin
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m APPLICATION EXAMPLE (16-pin Package)

VPX (6 V)

LPF VCO Output
From
controller
o)
|
OR oP fout ‘N.C. ‘FC LE Data | Clock 47 kQ = 47kQ
16 15 14 13 12 11 10 9

1 5 6 7 8

2 3 4
OSCin |OSCout VP Vce Do GND LD fin 1000pF
X tal
3V 3V y
I 0.1n I

;l; I O  Lock Detector

VPX 6V max.

VP Connect the pin to Vcc when the internal charge pump is not used.
LE, FC  With pull-up resistor

OP, fout N channel open-drain output

OR CMOS output

15
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m REFERENCE INFORMATION

Typical plots measured with
the test circuit are shown below.
Each plots show lock up time,

phase noise, and reference

leakage.

e f\co =836.49 MHz
o e Kv =12 MHz/V
Test Circuit o f =30 kHz
e fosc =15.36 MHz
S.G. OSCin * LPF
Do LPF [—
1.3 kQ 2.2 kQ
fin > MA— W
l %3.6 kQ l
47 nF 470 nF 47 nF
Spectrum VCO l l l
Analyzer

PLL Lock Up Time =12 ms

(824.010 MHz - 848.97 MHz, within 800 Hz)

1.000

kHz/div

(848,

10.00000
MHz/div

10 dB/
|I | I| | | | | | |
AR
g 5155 B |
AR Il
h:|MMA::: | RBW il
B LU 300 H
RIHTT LA e P S st MWW
DA o vew
: : A : : : : : : 300 Hz
I R S A
o I —— CENTER 1.0118000D GHp
10.2506 ps 1.9902506 ms SPAN 50.0 kHz
PLL Reference Leakage
@ 200kHz offset = 68dBc
Ra |
'PLL' Lock Up Time=12.4ms' REF —10.0 dBm PLhTRefedence Leakage
97 MHz; - §24 019 MHz, W|th|n +;300:Hz) 10 dB/ @]30kHz dgffsef = 80.8 dBc
N \
/:n: o il
IS I IR RS A il
q R RBW 1
| S ok Tl
i i it LY
B 10 kHz o N
10.2506 ps 1.9902506 ms

PLL Phase Noise
@ within loop band = 78.9 dBc/Hz

REF —-10.0 dBm ATT 10 dB

M“”'“ i WW\WWMWMMM/

SPAN 1.00 MHz CENTER 1.01800 GHz
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®m ORDERING INFORMATION

Part number

Package

Remarks

MB15A01PFV1

16-pin, Plastic SSOP
FPT-16P-M05)

MB15A01PFV2

20-pin, Plastic SSOP
FPT-20P-M03)

17
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m PACKAGE DIMENSIONS

16-pin, Plastic SSOP

1

*. These dimensions do not include resin protrusion.

(FPT-16P-MO05)

* 5.00+0.10(.197+.004)

AHAARAH

INDEX

O

*4.40£0.10  6.40£0.20
(173+.004)  (.252+.008)

=
kL

il

N
I
‘ +0.10

0.65+0.12 0.22 005

"~ (.0256+.0047) 1009°%%)

1 4,55(.179)REF ‘

© 1994 FUJITSU LIMITED F160135-2C-4

1.25%5%

+.008

(L0495

i

40,05

0.15 002

)

(Mounting height)

(7]0.10(.004)]

5.40(.213)
NOM

0.10+0.10(.004+.004

(STAND OFF)

0~10° 0.500.20
‘ (.020+.008)

i

Helvetica 10p 0.55w 2space

PackagPHBENSRRS B INEs (inches)

Cila KIamoa DIN_T 7R

(Continued)
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(Continued)
20-pin. Plastic SSOP . Tl o : " FESON A : " :
Lad 7 * eSS unherisSiurs du Tiot e riauc s protusiurt.
(CDT 29€0D MO
(FE 1T=20r=-viUo)
(Mounting height)
* 6.50+0.10(.256.004) . 1.25%%
(.0496%)
{J]0.10(.004)]
INDEX *4.40$0.10 6.400.20 5.40(.213)
(:173+£.004) (.252+.008) NOM
— ||
LRk e
I nAu‘\\\ /’j //’ F——————————— — - — — — =
0.650.12 0.22700% 1. 0.15%0 | Details of "A" part :
10256+.0047, ~004 T 006" [
¢ * ) 009-55%) 1006-%) I 0.10+0.10(.004:.004) !
/‘ ‘\ : (STAND OFF) }
| | | ~ |
|
ininininlninlainlaly ; | |
| 100 !
1 5.85(.230)REF ‘ } oo ‘ % 1
L | © 1994 FUJITSU LIMITED F20012S-2C-4 . . .
Dimensions in mm (lnrhp )

Ki

]

Hah/atica TNin N KRw 7enarca

D L ~
FdULRAyT CUUT

19
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FUJITSU LIMITED

For further information please contact:

Japan

FUJITSU LIMITED

Corporate Global Business Support Division
Electronic Devices

KAWASAKI PLANT, 1015 Kamikodanaka,
Nakahara-ku, Kawasaki-shi,

Kanagawa 211, Japan

Tel: (044) 754-3753

Fax: (044) 754-3329

North and South America

FUJITSU MICROELECTRONICS, INC.
Semiconductor Division

3545 North First Street

San Jose, CA 95134-1804, U.S.A.

Tel: (408) 922-9000

Fax: (408) 432-9044/9045

Europe

FUJITSU MIKROELEKTRONIK GmbH
Am Siebenstein 6-10

63303 Dreieich-Buchschlag,

Germany

Tel: (06103) 690-0

Fax: (06103) 690-122

Asia Pacific

FUJITSU MICROELECTRONICS ASIA PTE. LIMITED

No. 51 Bras Basah Road,
Plaza By The Park,
#06-04 to #06-07
Singapore 189554

Tel: 336-1600

Fax: 336-1609

F9512
0 FUJITSU LIMITED Printed in Japan

All Rights Reserved.

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications. Com-
plete information sufficient for construction purposes is not nec-
essarily given.

The information contained in this document has been carefully
checked and is believed to be reliable. However, Fujitsu as-
sumes no responsibility for inaccuracies.

The information contained in this document does not convey any
license under the copyrights, patent rights or trademarks claimed
and owned by Fujitsu.

Fujitsu reserves the right to change products or specifications
without notice.

No part of this publication may be copied or reproduced in any
form or by any means, or transferred to any third party without
prior written consent of Fujitsu.

The information contained in this document are not intended for
use with equipments which require extremely high reliability

such as aerospace equipments, undersea repeaters, nuclear con-
trol systems or medical equipments for life support.



