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Section 1

Prescalers

MB467
MBS501
MB501L
MB503
MB504
MB504L
MB501LV
MB504LV
MB501SL
MB505-16
MB506
MB507
MB508
MB509
MB510

High Frequency Prescaler

Two Modulus Prescalers

Two Modulus Prescalers

Two Modulus Prescalers

Two Modulus Prescalers

Two Modulus Prescalers

Low Voltage/Low Power Two Modulus Prescalers
Low Voltage/Low Power Two Modulus Prescalers
Super Low Power Two Modulus Prescaler

Ultra High Frequency Prescaler

Ultra High Frequency Prescaler

1.6 GHz Two Modulus Prescalers

2.3 GHz Two Modulus Prescalers

Two Modulus Prescaler with Stand)by Mode

2.7 GHz Two Modulus Prescaler
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FUJITSU

HIGH FREQUENCY PRESCALER

The Fujitsu MB 467 is a high frequency prescaler, which is used in Phase
Locked Loop (PLL) frequency synthesizer and divides the input frequency by
10 or 20. The output is an open collector output to drive TTL or CMOS

logic circuit.

® High Speed, Low Power Operation
200 MHz at 30 mW typ.

® |ow Level Input Voltage: V,y = 150 mVp-p

® Wide Operation Temperature
-30°C to +85°C at Ve = +5 V + 10%

® Interface
Input:  Capacitor coupling due to internal biased input
Output: Open collector output

® Plastic 8-pin Standard Dual-In-Line Package

ABSOLUTE MAXIMUM RATINGS (See NOTE)

FREQUENCY
| PRESCALER

Rating Symbol Valug Unit
Supply Voltage Vee -0.5to +7.0 \Y
Input Voltage Vin -0.5t0 Vce \"
Output Current lo 5 mA
Ambient Temperature Ta -40 to +85 °C
Storage Temperature Tsta -55 to +150 °c

November 1986
Edition 1.0

PLASTIC PACKAGE
DIP-08P-M01

PIN ASSIGNMENT

n1:O s[]N
Vee[2 7[0nc
TOP VIEW
sw(]3 e[ JcH*
out[]4 5[]GND

Note: * It should be open.

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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.

1-3

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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NN mB 467

BLOCK DIAGRAM

SWoO-

D Q D D
C (o3 Q C Q DO———O OUTPUT
SwW Divide Ratio
H 1/10
L 1/20
Open 1/20
PIN DESCRIPTION
Pin Number Symbol Function
1 IN Input
2 Vce DC Supply Voltage
3 SW Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 CH Check Input For Outgoing Test. It should be open.
7 NC Non Connection
8 IN Complementary Input
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mB 467 M
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max

Supply Voltage Vee 4.5 5.0 5.5 \%

Ambient Temperature Ta -30 +85 °c

Load Capacitance C. 7 pF
ELECTRICAL CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max
Power Supply Current PSS .\rlic:zgé%v' 6 10 mA
Output High Voltage Vou ‘rlzisti?tgrli? Szg'u'a 4.0 v
With 2 k2 pull-up
Output Low Voltage Voo resistor 1o Vec 0.4 \%
Input Frequency fin Vin: 150 mVp-p 10 200 MHz
sine wave
Input Signal Amplitude v 150 2000 mVp-p
for IN IN
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NI mB 467

TEST CIRICUIT
l _L O Vee =+5.0V £ 10%
) ) Ca
Sampling scope input point R
for output waveform
Vee Sampling scope prober point
G for input waveform
P.G. —m out - —0
509 —
[ —CL
GND
Cq : 1000pF
C, : 1000pF
V4 v/ C3: 0.1uF
Cy : 7pF lincluding scope and jig capacitance)
RL: 2KQ

TYPICAL CHARACTERISTICS CURVES

INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

1000

800

600

400
N

200 \
\

1 2 5 10 20 50 100 200 500 1000 2000
Input Frequency [MHz}

Minimum Input Signal Amplitude [mV]
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MB 467  [lilmmmmmmn

PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-MO01)

M

15° MAX

INDEX

.244+.010

b (6.20]0.25)
DLILIL]

.300(7.62)TYP

,010¢,002
435+014 3707018 (0.25:0.05)
035_ ¢
© 89*0'33) 040530
8903

.100(2.54)TYP

Pt | PN,

7 .172(4.36)MAX
}' SEATING PLANE
+.012 .020(0.51) | -118(3.0IMIN 1

0397 MIN
403 .018%.003
(09975 ﬁ_j l_ (0.46:0.08)
+.012 +0.3
060_g “(1.52_5") : Dimensions in

inches (millimeters)

© 1986 FUJITSU LIMITED D08006S- 2C

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully
checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such in-
formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of
Fujitsu Limited or others. Fujitsu Limited reserves the right to
change device specifications.
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FUJITSU LIMITED

Communications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: J22833 Cable: “FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (int'l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J
FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9, OG./A, Lyoner StraRRe 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 069/66 320 Telex: 0411 963
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:
805 Tsim Sha Tsui Centre, West Wing 66, Kowloon, Hong Kong
Phone: 3-732 0100 Telex: 31959 FUJIS HX

© 1986 FUJITSU LIMITED  Printed inJapan  0V2236-86YC
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PRESCALERS
IR

TWO MODULUS PRESCALER

The Fujitsu MB 501/503/504 are two modulus prescalers, which are used in
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre-
quency by the modulus of 64/65 or 128/129, 16/17 or 32/33, and 32/33 or
64/65 respectively. MB 501L/MB 504L is the low-power version of MB 501/
MB 504; it will perform exactly the same function as MB 501/MB 504 but with
much lower power dissipation.

The outputs are 1.6 V peak to peak on ECL level.

® High Speed, Low Power Operation
1.0 GHz at 150 mW typ. (MB 501)
1.1 GHzat 50 mW typ. (MB501L)
200 MHz at 40 mW typ. (MB 503)
520 MHz at 50 mW typ. (MB 504)
520 MHz at 25 mW typ. (MB 504L)
® Pulse Swallow Function
® Wide Operation Temperature -40°C to +85°C
e Stable Output Amplitude VouTt =1.6 Vpp

® Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL synthesizer

system block IC

® Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Supply Voltage Vee -0.5 to +7.0 \%
Input Voltage Vin -0.5 to Ve \Y%
Output Current lo 10 mA
Ambient Temperature Ta -40 to +85 °c
Storage Temperature Tsta -55 to + 150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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.

November 1987
Edition 4.0

PLASTIC PACKAGE
DIP-08P-MO1

©
PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken .to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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MB501
MB501L
MB503
MB504
MB504L

Fig. 1 — BLOCK DIAGRAMS

a) MB501/501L

Output
Buffer

b) MB 503

c) MB 504 /MB 504L

SW | MC | Divide Ratio
H H 1/64
MB 501/ H L 1/65
MBSOIL L | 1/128
L L 1129
Note: SW: H = V¢, L = open
MC: H=2.0Vto V¢c,
L=GNDt 0.8V
SW | MC | Divide Ratio
H H 1/16
H L 117
MB 503
L H 1/32
L L 1/33

Note: SW: H =Vcc, L =open
MC:H=20VtoVcc,
L=GND 1t 0.8V

SW | MC | Divide Ratio
H | 1/32
mesoa/ | M| L 1733
MB 50aL | | oa
Ll 1/65

Note: SW: H = V¢, L = open
MC: H=20V to Vcc,
L=GNDt0 08V

1-10




MBSOTL NI
MB503

FUJITSU
MB504
ma504L NG
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 45 5.0 55 A
MB 501 0.4 2 Ve_p
MB 501L 0.4 2 Vp_p
Input Signal Amplitude for IN MB 503 Vin 0.15 2 Ve_p
MB 504 0.15 2 Vp_p
MB 504L 0.15 2 Ve_p
High Level Input Voltage for MC Viu 2.0 v
Low Level Input Voltage for MC ViL 0.8 \2
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance Cp 12 pF
Pin Number Symbol Function
1 IN Input
2 Vee DC Supply Voltage
3 SwW Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table)
4 ouT Qutput
5 GND Ground
6 mC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 N Complementary Input

1-1
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MB

FUJITSU 503
A %?.SZL

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max
MB 501 30 42* mA
MB 501L 10 14* mA
1/0 pins
Power Supply Current MB 503 lee are open 8 12* mA
MB 504 10 14* mA
MB 504L 5 7* mA
Output Amplitude Vo 1.0 1.6 Ve.p
MB 501 10 1000 MHz
MB 501L s 10 1100 MHz
with input
coupling
Input Frequency MB 503 fin capacitor 10 200 MHz
MB 504 1000pF 10 520 MHz
MB 504L 10 520 MHz
High Level Input _
Current for MC Input hn Vin =20V 04 mA
Low Level Input _
Current for MC Input he Vi =08V -02 mA
MB 501 16 26 ns
MB 501L 16 26 ns
Modulus Set-up Time MB 503 tseT 38 46 ns
MC to OUT MB 504 20 30
ns
MB 504L 18 28

Note: * Vge = 5V, Ta = 25°C

1-12
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%‘E?oh A
MB503  pygrTsu

MB504

ma504¢ AN

Sampling scope input point
for input waveform

Fig. 2 — TEST CIRCUIT

) L.,

{7

O Vec=+5.0V £ 10%

Vece SW Sampling scope prober point
Cq for output waveform
——mn ouT ‘ O
[N R :‘: CL
MC GND
MC input
C4 : 1000pF
T C, : 1000pF
Cz: 0.1uF
C_ : 12pF (including scope and jig capacitance)
RL: 2KQ

TYPICAL CHARACTERISTICS CURVES

Fig. 3 — INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

1000 |
MB 501

800

600

400

200

Minimum Input Signal Amplitude [mV]

N
~

20 50 100 200 500 1000 2000
Input Frequency [MHz]
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501

I MB3O1L

FUJITSU

MB
I Ma304

MB504L

Minimum Input Signal Amplitude [mV]

1000

800

Wl L\
\

200 NG

Minimum Input Signal Amplitude [mV]

Minimum Input Signal Amplitude [mV]

Fig. 4 — INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

I
MB 501L

N

//
1 2 5 10 20 50 100 200 500 1000 2000
Input Frequency [MHz]

Fig. 5 — INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

I
MB 503

-
[=]
[=]
Q

800

600

400

200

~—

1 2 5 10 20 50 100 200 500 1000
Input Frequency [MHz]

Fig. 6 — INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

l
MB 504
800
600
400
0
200 \\
N~
0 //
1 2 5 10 20 50 100 200 500 1000

Input Frequency [MHz]
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MB501
MesolL A
MB304 FUJITSU
ma504L [N
Fig. 7 —INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY
< 1000 T
E MB 504L
3 800
£
£
< 600
2
5 400
2
é 200
£ N
1 2 5 10 20 50 100 200 500 1000
Input Frequency [MHz]
Fig. 8 — TYPICAL APPLICATION EXAMPLE

Vgx (Max. 8 V)

Cq
vee I Jvee vee
e VL Vee Ve
ﬂc’ﬂ'xl 77‘;’

16 15 14 13 12 11 10

s——O OUTPUT
MB 87001A
0.047uF
”“ 12 34 56 7
CK O%——*gt
Sl O T
STBO-
G20
g8 ¢ 1000pF
PR 1000pF7_m|_
8 7 6 5
MB 501
Vee 1.2 3 4
T X1 : 12.8 MHz X'tal
L 1000pF Vee 5V +10%
1000pF == 22KQ Vex : 8V Max.
C1,Cq: depends on crystal oscillator
Lock
Det.

An example of application of MB501/501L/503/504/504L with PLL Synthesizer System Block IC MB 87001A

1-15
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FUJITSU MB302

AN~ e 5041

PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
{CASE No.: DIP-08P-M01)

IL] r’\-| rﬂ] I—"I /‘\;us"MAx

INDEX
. .01
(é;a:gzg) .300(7.62)TYP
.010+.002
035+ 014 RO (0.25:0.05)
=012 +0.40,
089'33% 1940730
— .100(2.54)TYP
‘ T 172(4.36)MAX
SEATING PLANE
020(0.51){ -118(3.0MIN
039! 12 MIN
+0.3 .0182.003
(099757 ~—I [_ (0.46+0.08)
060" 152783 Dimensions in
inches (millimeters)
© FUJITSU LIMITED 1987 DOB0O6S- 2C
8-LEAD PLASTIC FLAT PACKAGE
250010 (CASE No. : FPT-08P-M01) The Information contained in
“PY-.008 .
6357923 1002(0.05) this document does not convey
g (’2'1NAND o) any license under copyrights,
H H H H patent rights, software rights or
View A" . -
few trademarks claimed by Fujitsu.

008(0.2) Circuit diagrams utilizing

.307:.016 +.016 . .
INDEX (7.8:0.4) 2687 - Fujitsu products are included as

.2091.012 -0.40, - 4 . . .
(:30:0.25) (6805 70) 020(0.5) a means of illustrating typical
| 007(0.18) applications. Complete informa-
H H L @;?;ss) tion sufficient for construction

—————".020+.008 SETRDT .
018t (0.5¢0.2) MAX purposes is not necessarlly
050(1.27) | oasz010 o06+002 given. The information con-
TYP h -.001 . . .

—*(015‘0'02) tained in this document has
"7-0.0: .
been carefully-checked and is
085(2.151MAX believed to be reliable. However,
Fujitsu assumes no responsibi-

.0315:.008 . . . "
10.8:0.2) lity for inaccuracies. Fujitsu
A reserves the right to change
© FUIITSU LIMITED 1987 F080025-2C et products or specification with-

out notice.
ications and lectronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International {Int’l Prefix) 81-3-216-3211 Telex: J22833 Cable: “FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan

Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: 2224361FT TOR J

FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-562-1000 Telex: 910-338-0190 FUJITSU SNTA

FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9, OG./A, Lyoner Stralle 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 69-66-320 Telex: 411963 FMG D

FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:
805 Tsim Sha Tsui Centre, West Wing 66 Mody Road, Kowloon, Hong Kong
Phone: 3-732 0100 Telex: 31959 FUJIS HX

© FUJITSU LIMITED 1987 Printed in Japan 0V2158-87YC4
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IR PRESCALERS

September 1986
Edition 1.0

LOW VOLTAGE/LOW POWER
TWO MODULUS PRESCALER . .

The Fujitsu MB 510LV/504LV are low power and low voltage versions of
MB 510/504 two modulus prescalers, which are used in Phase Locked Loop
(PLL) frequency symthesizer and will divide the input frequency by the
modulus of 64/65 or 128/129, and 32/33 or 64/65 respectively.

The outputs are 1.1 V peak to peak on ECL level.

PLASTIC PACK
® Wide Low Voltage Operation 3.0V typ., +2.7t045V DlP-OBP-MO“IAGE

® High Speed, Low Power Operation (Viy = 0.4 V)
1.1 GHz at 36 mW typ. (MB 501LV)

520 MHz at 18 mW typ. (MB 504V)

® Pulse Swallow Function

PLASTIC PACKAGE
® Wide Operation Temperature -40°C to +85°C FPT-08P-M01

® Stable Output Amplitude Vout = 1.1 Vg

® Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL synthe- PIN ASSIGNMENT

sizer system block IC

® Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package

ABSOLUTE MAXIMUM RATINS*

Rating Symbol Value Unit
Supply Voltage Vee -0.5t0+7.0 \%
Input Voltage Vin -0.5to Ve \%
Output Current o 10 mA
Storage Temp. Tsta -55to0 +125 °c
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This device contains circuitryhtohprm?ct ﬂ;\e
i H . inputs against damage due to high static volt-
RATINGS are exceedeq Fupctlonal opergtlon shoul.d be restn(;ted to ages or electric fields. However, it is advised
the conditions as detailed in the operational sections of this data that normal precautions be taken to avoid
sheet. Exposure to absolute maximum rating conditions for extended application of any voltage higher than maxi-
. . Ly mum rated voltages to this high impedance
periods may affect device reliability. circuit.

Note: tPreliminary
1-17
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501V
MB 504LV

Fig. 1 — BLOCK DIAGRAMS

a) MB501LV

b) MB 504LV

o T D a D a
c c oM™
e Butfer r r
wo—1>
SW O
o Qq a-j
c a Q

LO ouT

SW | MC | Divide Ratio
H H 1/64
H L 1/65
L H 1/128
L L 1129

Note: SW: H=Vcc, L =open
MC: H=V,ym to Ve,
L =GND to 0.8V

1
Viium = 3 Vec +0.3V

SW | MC | Divide Ratio
H H 1/32
H L 1/33
L H 1/64
L L 1/65

Note: SW: H = V¢, L =open
MC: H=Vym to Ve,
L =GND to 0.8V

Vinm =%vcc +0.3V

1-18
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MB 504LV [l
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 2.7 3.0 4.5 A"
Input Signal Amplitude for IN Vin 6.4 1.2 Voo
High Level Input Voltage for MC Vi Vinm \
Low Level Input Voltage for MC ViL 0.8 \
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance CL 12 pF
Note: Vi = % Vec +0.3V
PIN DESCRIPTION
Pin Number Symbol Function
1 IN Input
2 Vee DC Supply Voltage
3 SW Divide Ratio Control Input Selecting divde ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 IN Complementary Input

1-19
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B 501LV
UMY - MmB 504LV

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max
MB 501LV 12 mA
Power Supply Current lee
MB 504LV 6 mA
Output Amplitude Vo 0.8 1.1 Voo
MB 501LV Z’;f," ot 10 1100 MHz
Input Frequency fin cap:citgr
MB 504LV 1000 pF 10 520 MHz
High Level Input _
Current for MC Input hw Vin =20V 0.4 mA
Low Level Input _
Current for MC Input e ViL=08V -0.2 mA
Modulus Set-up Time MB 501LV ts 16 26 ns
ET
MC to OUT MB 504LV 18 28 ns

1-20
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MB 501LV
MB 504LV [l

Fig. 2 — TEST CIRCUIT

Sampling scope input point
for input waveform

Cq

Vee

!
S{

ouT

MC GND

C3

i

—0O +2.7Vto+4.5V

Sampling scope prober point
for output waveform

l

MC input

1L
L4
o

<

7T

O

: 1000pF 1
: 1000pF

: 0.1uF

: 12pF (including scope and jig capacitance)
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MB 501LV
IR - MB 504LV

Fig. 3 — TYPICAL APPLICATION EXAMPLE

Vee Vee

16 15 1413 1211 10 9

8 7
MB 501LV/504LV|

N

Vee 1 3 4

]
X
Iy
g 1000pF
1000pF:|: I 2.2KQ

[

BEES

100K
33K

X1
Vee

Vsx
Cq,Cy:

Vsx (Max. 8 V)

: 12.8 MHz X'tal
: 42,7V to +4.5V
: BV Max.

depends on crystal oscillator

——O OUTPUT

%10'(9

S O
STBO 1
G2sC
igigis
552G 10009F7_7;
Lock
Det.cL

An example of application of MB 501LV/MB 504LV with PLL Synthesizer System Block IC MB 87001




PACKAGE DIMENSIONS

WA

FUJITSU

MB 501LV
MB 504LV [

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

hoarchrl

©. 99:0 3)

INDEX
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Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully
checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such in-
formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of
Fujitsu Limited or others. Fujitsu Limited reserves the right to
change device specifications.
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6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 Internationa! (Int'l Prefix) 81.3-216-3211 Telex: J22833 Cable. "FUJITSULIMITED TOKYO™

For further information please contact:
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3320 Scott Bivd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9. OG./A
Lyoner Strake 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 069/66 320 Telex 0411 963
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] PRESCALER

SUPER LOW POWER TWO MODULUS PRESCALER

The Fujitsu MB501SL is a super low power version of MB501 two modulus
prescaler which are used in Phase Locked Loop (PLL) frequency synthesizer
and divides the input frequency by the modulus of 64/65 or 128/129, respec-
tively. The MB501SL achieves extremely small stray capacitance of internal
element, realized through the use of Fujitsu Advanced Process Technology.
As the results, high speed operation is achieved with low power supply current
of 5 mA typ., about a half current value of MB501L.

® High Speed: fmax = 1.1 GHz max. (V,y = 0.4 Vp-p)

® Pulse Swallow Function: 64/65, 128/129

® [ow Power Supply Current: 5.0 mA typ.

® Stable Output Amplitude: Vg = 1.6 Vp-p typ.

® Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe-
sizer system block IC

® Plastic 8-pin Dual-In-Line Package (Suffix: —P)
Plastic 8-pin Mini Flat Package (Suffix: —PF)

® Built-in a Terminal Resistor

Stable output amplitude is obtained up to output load capacitance of 8 pF.

ABSOLUTE MAXIMUM RATINS (See NOTE)

Rating Symbol Value Unit
Power Supply Voltage Vee —0;5 to +7.0 \"
Input Voltage Vin -0.5to Ve \
Output Current lo 10 mA
Storage Temperature Tste -55to +125 °c

December 1987
Edition 1.0

PLASTIC PACKAGE
DiP-08P-M01

PLASTIC PACKAGE
FPT-08P-MO01

PIN ASSIGNMENT

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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.
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This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB501SL BLOCK DIAGRAM

=]

EDD 1

Input Butter [— ¢ [— ¢ ’7 c™ swW MC | Divide Rati
N vige atio
w12 swo—>— H| H 1/64
H L 1/65
'_ J MB 501SL
D a ) GM D @ D GM [ Output L H 1/128
L—{sw Buffer
c Q C Q Q cC a c a —OouT L L 1129
— Note: SW: H = V¢, L = open
MC: H=20V to Vce,
L=GNDto 08V
mc
Pin Number Symbol Description
1 IN Input
2 Vee Power Supply, +6V
3 SW Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 iN Complementary Input
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FUJITSU

MB501ISL MMM
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max

Power Supply Voltage Vee 45 5.0 5.5 \"

Operating Temperature Ta -40 - +85 °c

Load Capacitance CL - - 8 pF
ELECTRICAL CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Condition Unit 1
Min Typ Max
Power Supply Current lee - 5.0 7.0 mA

Built-in a Terminal
Output Amplitude Vo Resistor. 1.0 1.6 - Vp-p
Load capacitance = 8pF

With input coupling

Input Frequency fin capacitor 1000pF 10 — 1100 MHz
Input Signal Amplitude Vin - 0.4 - 2.0 Vp-p
High Level Input Voltage for MC Vin — 2.0 - - \Y
Low Level Input Voltage for MC ViL - - - 0.8 Vv
High Level Input Current for MC [ - - 0.4 mA
Vip =2.0V, V, =08V
Low Level Input Current for MC he -0.2 - - mA
Modulus Set-up Time MC to Output tseT - - 16 26 ns
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Fig. 2 — TEST CIRCUIT

O Vec=+5.0V ¢ 10%

Sampling scope input point Cs
for input waveform
Vce SW Sampling scope prober point
Cq for output waveform
PG s [ ouT o

500 ,___I I____ N 1
Ca =C
MC GND
MC input
v i
C4 : 1000pF
Cy : 1000pF
C3: 0.1uF

C_ : 8 pF lincluding scope and jig capacitance)

TWO MODULUS OPERATING TIMING CHART

Divide Ratio of 128/129

MD —L
I‘—TSET——-

64 64 64 65 64 65 64

ouT

Notes:

When divide ratio of 129 is selected, positive pulse has increased by one to 65.
Set up time = 16 ns typ

The time between MD signal is input and divide ratio of prescaler is changed.
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MINIMUM INPUT SIGNAL AMPLITUDE ViN (dBm)

MINIMUM INPUT SIGNAL AMPLITUDE V| (dBm)

MB501SL
TYPICAL CHARACTERISTICS CURVES
Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY
10 Ta = 25°C
Datasheet spec. Vee = 4.5V
o Vee = 5.0V
Ve = 5.5V
10—
-201—
-30
| I | |
0.8 1.0 1.2 1.4
INPUT FREQUENCY f, (GHz)
Fig. 4 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY
Vee = 5.0V
104~
Ta = -40°C
Datasheet spec. N
ok Ta =25°C
Ta = 85°C
10—
-20
-30—
| L | 1
0.8 1.0 1.2 1.4

INPUT FREQUENCY fn (GH2)
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POWER SUPPLY CURRENT I¢c (mA)

POWER SUPPLY CURRENT Icc (mA)

Fig. 5 — POWER SUPPLY CURRENT vs. POWER SUPPLY VOLTAGE

6.0

5.0

//

4.0

4.5 5.0 5.5

POWER SUPPLY VOLTAGE V¢ (V)

Fig. 6 — POWER SUPPLY CURRENT vs. TEMPERATURE

6.0

5.0

4.0

—
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TEMPERATURE Ty (°C)
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MB501SL {000

Fig. 7 — TYPICAL APPLICATION EXAMPLE

Cq

V_"Eﬂ;—l Vee Vee

’;F'z'fx Tﬂ]l ]

16 15 1413 121110 9

MB 87001A
0.
°4|7“F 1 2 34 56 7 8 Vec
,,1,7_-' L] ' 100K
cKO— 33KQ
sl O r

STBO-
S
g2%<¢S 1000pF
PR RN 1000ng
6 5

8 7
MBSO01SL
Vee 12 3 4

_[_
1000pFT J;

1000pF

Vgx (Max. 8 V)

r—-O OUTPUT

10K

X1 : 12.8 MHz X'tal
Vee 5V +10%
Vgx : 8V Max.

C4, C2: depends on crystal oscillator
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PACKAGE DIMENSIONS

(Suffix: -P) (Suffix: -PF)

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)
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FUJITSU LIMITED
Communications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361FT TOR J
FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-562-1000 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
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Phone: 69-66-320 Telex: 411963 FMG D
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:
805 Tsim Sha Tsui Centre, West Wing 66 Mody Road, Kowloon, Hong Kong
Phone: 3-732 0100 Telex: 31959 FUJIS HX
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L ULTRA HIGH
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ULTRA HIGH FREQUENCY PRESCALER
The Fujitsu MB 505 is a high frequency prescaler, which is used in Phase
Locked Loop (PLL) frequency synthesizer and will divide the input frequency
by the modulus of 128 or 256. The outputs are 1.6 V peak to peak on ECL
level.

Its ultra high frequency operation provides wide application range, such as
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc.

® High Speed, Low Power Operation
MB 505-16: 1.6 GHz at 45 mW typ.

® Wide Operation Temperature  -40°C to +85°C
® Stable Output Amplitude Vout =1.6 Vpp

® Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL synthe-
sizer system block IC

@ Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -0.5t0 +7.0 \Y
Input Voltage Vin ~0.5to Vcc \%
QOutput Current lo 10 mA
Ambient Temp. Ta -40 to +85 °c
Storage Temp. Tste -55 to +150 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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.
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MB 505-16

September 1986
Edition 2.0

PLASTIC PACKAGE
DIP-08P-MO1

A ¢ W
2

W
i)
gd

/%

N i)

al
PLASTIC PACKAGE

FPT-08P-M01

PIN ASSIGNMENT

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB 505 BLOCK DIAGRAM

I—D
Input
Buffer ¢ a ¢ @ c a

N

IN |

[e]]
—
5
o]}

| —
[—
o
[e]]
L

Sw
I:D 5J LD a I—D a I—D 5,_J |~D Q Output
sw Buffer
c Q c Q cC Q C Q Cc Q% Yo————o0 OUT
sw Divide Ratio
H 1/128
L 1/256

Note: SW: H=Vcc, L =open

PIN DESCRIPTION

Pin Number Symbol Function
1 IN Input
2 Vee Power Supply Voltage
3 SW Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 NC Non Connection
7 NC Non Connection
8 N Complementary Input
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MB 505-16  [lililimmmmm
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 4.5 5.0 55 \%
Input Signal Amplitude for IN Vin 0.15 1.2 Vep
Output Current lo 1.2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance Cp 12 pF
ELECTRICAL CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted)
Value
Parameter Symbol Conditions Unit
Min Typ Max
Power Supply Current lec 9 mA
Output Amplitude Vo 1.0 16 Vop
Input Frequency fin Z:;:;Eg?zg%;p;:g 100 1600 MHz
Input Voltage Vin ‘;“‘é :;;1420 MHz to 0.15 12 Voo
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PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE Marking Format
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Dimensions 1n
inches {millimeters)

FUJITSU LIMITED

Communications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211

Telex: J22833  Cable

MB 505-16, 8-pin Plastic DIP

MB 505-16, 8-lead Plastic Flat Package
505L
XXXX
O XXX

xxxx. Date Code
xxx: Control Code

Circuit diagrams utilizing
Fujitsu products are includ-
ed as a means of illustrating
typical semiconductor appli-
cations; consequently, com-
plete information sufficient
for construction purposes is
not necessarily given. The
information has been care-
fully checked and is be-
lieved to be entirely reliable.
However, no responsibility
is assumed for inaccuracies.
Furthermore, such informa-
tion does not convey to the
purchaser of the semicon-
ductor devices described
herein any license under the
patent rights of Fujitsu
Limited or others. Fujitsu
Limited reserves the right to
change device specifications.

“FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED

Semiconductors Marketing: Furukawa Sogo Blidg ,

6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex' 2224361 FTTOR J

FUJITSU MICROELECTRONICS, INC.:

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA

FUJITSU MIKROELEKTRONIK GmbH.:

Arabella Center 9. OG./A
Lyoner Strake 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 069/66 320 Telex: 0411 963 .
© 1986 FUJITSU LIMITED  Printed inJapan OV 2194-869C2
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ULTRA HIGH FREQUENCY PRESCALER
The Fujitsu MB 506 is a high frequency prescaler, which is used in Phase
Locked Loop (PPL) frequency synthesizer and will divide the input frequency
by the modulus of 64, 128, or 256. The outputs are 1.6 V peak to peak on
ECL level.

Its ultra high frequency operation provides wide application range, such as
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc.

® High Speed, Low Power Operation
2.4 GHz at 90 mW typ.

® \Wide Operation Temperature ~ -40°C to +85°C
® Stable Output Amplitude Vout =1.6 Vpp

® Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL syn-
thesizer system block IC

® Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -0.5t0 +7.0 \"
Input Voltage Vin -0.5to Ve \%
Output Current lo 10 mA
Storage Temp. Tsta -55to +125 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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.
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Edition 1.0

I\

N
0

PLASTIC PACKAGE
DIP-08P-MO01

PLASTIC PACKAGE
PFT-08P-M01

PIN ASSIGNMENT

IN(T1 S 8[JIN
Vee[2 7[Jne
TOP VIEW
swi1[]3 6] ]sw2
out[]4 5[] GND

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB 506 BLOCK DIAGRAM
D Q |:D Q ] D Q@
Input c a c a c Q
Buffer ’—l
N
IN l
Sw2 Swi1
[—D ﬁ.J D 6J [D 6J D (—I—I D a_I Output
SW SW Buffer
c a c a c a c a c a D——o out
SW1 SW2 Divide Ratio
H H 1/64
L H 1/128
H L 1/128
L L 1/256
Note: H=Vcc, L =open
PIN DESCRIPTION
Pin Number Symbol Function
1 IN Input
2 Vee Power Supply Voltage
3 sSwi1 Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 Sw2 Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table)
7 NC Non Connection
8 N Complementary Input
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MB 506  [[HiMHmmmm
RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max

Supply Voltage Vee 45 5.0 55 v
Input Signal Amplitude for IN Vin 0.1 1.2 Vp.p
Output Current lo 2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance CL 12 pF

ELECTRICAL CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit

Min Typ Max

Power Supply Current lee 18 mA
Output Amplitude Vo 1.0 1.6 Vp.p
Ta =-40°C
o o
\(/:volfjh :ir,]]pm t0 85°C 100 220
Input Frequency fin cap:citc?r MHz
Ta =-40°C
1000 pF 0 60°C 100 2400

fin = 100 MHz to 1.3 GHz 0.1
Input Voltage Vin 1.2 Vpp
’ fin = 1.3 MHz to 2.4 GHz 0.4

Fig. 2 — INPUT SIGNAL AMPLITUDE vs INPUT FREQUENCY

1000
S
E
~ 800
o
2
2
£ 600
B
w
< 400 N .
a N
£ \\
g N\
2 200 NN /
< N
s
0 -
5 10 20 50 100 200 500 1000 2000

Input Frequency [MHz]
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PACKAGE DIMENSIONS

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

il

15° MAX

INDEX
234(5.95) .290(7.37)
N 2541(6.45] 310(7.87)
354(9.0)
.386(9.8] -012(0.30)
023(0.59} .100(2.54)
049(1.24) TYP

172(4.36)MAX

1020(0.51) |-118(3.00MIN
MIN

.015(0.38)
.021(0.54)

.060(1.52) Dimensions in

.072(1.82) inches (millimeters)
©1985 FUJITSU LIMITED DO0B006S-1C Circuit diagrams utilizing
Fujitsu products are includ-

ed as a means of illustrating

.039(0.99)

.051(1.29)

8-LEAD PLASTIC FLAT PACKAGE

(CASE No. : FPT-08P-M01) typical semiconductor appli-
cations; consequently, com-
. a30s9) plete information sufficient
260661 00200.05) for construction purposes is
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291(7.4) lieved to be entirely reliable.
INDEX 323(8.2) 1260(6.6) b ” S
19715.0) 283(7.2) ,—4——1 However, no responsibility
220(5.6) 1 0200051 is assumed for inaccuracies.
- D07i0.18) Furthermore, such informa-
7 “A oo
H H LN 012(03) 027(0.68) tion does not convey to the
N 1028(0.7) MAX A
ozoe -l | purchaser of the semicon-
.05001.27) __f 014(0.35) 0390100 || 005(0.13) ductor devices described
TYP .022(0.55) .008(0.20) . .
085(2.15) herein any license under the
" MAX

patent rights of Fujitsu

Limited or others. Fujitsu
©1986 FUJITSU LIMITED FOB002S-1C mevarsy” " Limited reserves the right to
change device specifications.

FUJITSU LIMITED

Communications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSULIMITED TOKYOQO""

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bidg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J
FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9. 0G./A
Lyoner StraRe 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 069/66 320 Telex: 0411 963

© 1986 FUJITSU LIMITED Printed in Japan V02254-866C
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FUJITSU 1.6 GHz TWO MODULUS

PRESCALERS

MRREITREED

1.6 GHz TWO MODULUS PRESCALER

The Fujitsu MB 507 is a 1.6 GHz two modulus prescalers, which are used in
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre-
quency modulus of 128/129 or 256/357.

The outputs are 1.6 V peak to peak on ECL level.

MB 507

August 1986
Edition 1.0

High Speed, Low Power Operation
1.6 GHz at 90mW typ.

Pulse Swallow Function
Wide Operation Temperature ~ -40°C to +85°C
Stable Output Amplitude Vout = 1.6 Vpp

Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL syn-
thesizer system block IC

Plastic 8-pin standard Dual-In-Line Package or space saving Flat Package

ABSOLUTE MAXIMUM RATINGS*

Rating Symbol Value Unit
Supply Voltage Vee ~0.5to +7.0 \%
Input Voltage Vin -0.5 to Ve \"
Output Current lo 10 mA
Ambient Temp. Ta -40 to +85 °c
Storage Temp. Tste -55 to +150 °c

Note:* Permanent device damage may occur if ABSOLUTE MAXIMUM

RATINGS are exceeded. Functional 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.
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PLASTIC PACKAGE
DIP-08P-M01

i
T
\\\\\\\\\(/\//

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — BLOCK DIAGRAM

c [ c M
Input Buffer
N
o3

[—o 6-—‘ HD E-J l———o 6] LD GJ [—D BJ _[Zwaj g:":)e':'
c a c a c a c a c a c a +—o ouT

MC
sw mc Divide Ratio
H H 1/128

MB 507 H L 1/129
L H 1/256
L L 1/257

Note: SW: H=Vc, L =open
MC:H=20VtoVce, L=GND1to 0.8V
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RECOMMENDED OPERATING CONDITIONS ™
Value
Parameter Symbol Unit
Min Typ Max
Supply Voltage Vee 45 5.0 55 \
Input Signal Amplitude for IN Vin 0.4 2 Ve.p
High Level Input Voltage for MC Viu 2.0 v
Low Level Input Voltage for MC ViL 0.8 \
Output Current lo 2 mA
Ambient Temperature Ta -40 +85 °c
Load Capacitance CL 12 pF
PIN DESCRIPTION
Pin Number Symbol Function

1 IN Input

2 Vee DC Supply Voltage

3 SW Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table)

4 ouT Output

5 GND Ground

6 MC Modulus Control Input (See Divide Ratio Table)

7 NC Non Connection

8 IN Complementary Input
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ELECTORICAL CHARACTERISTICS®

(Recommended Operating Conditions unless otherwise noted)

Value
Parameter Symbol Conditions Unit
Min Typ Max

Power Supply Current lec 18 mA
Output Amplitude Vo 1.0 1.6 Ve.p
Input Frequenc f with input coupling 100 1600 MH

quency IN capacitor 1000pF z
High Level Input Current _
for MC Input IIH VIH =2.0V 0.4 mA
Low Level Input Current _
for MC Input Iy V,L=08V -0.2 mA
Modulus Set-up Time MC to t 18 28
OUT in 1.6GHz Operation SET ns

Sampling scope input point
for input waveform

/.

P.G. | I
500 ____1}____nq

Fig. 2 — TEST CIRCUIT

L.,

— O Ve =+50V:10%

!
L3

Vee Sampling scope prober point
for output waveform
ouT ’ O
R —=cC
MC GND
MC input
L Cq : 1000pF
7 Co : 1000pF
C3: 0.1uF
Cy : 12pF (including scope and jig capacitance)
RL: 2KQ
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MB 507  HIIHMIMMAmEN

Fig. 3 — TYPICAL APPLICATION EXAMPLE

G Vsx (Max. 8 V)
V_ccn(n_—l Vee Vee
=
B c,

16 15 1413 1211 10 9 ——CO OUTPUT

MB 87001A

1 2 3 4 56 7 8

ﬂ[;y_| Hj_l T 100K

33KQ

SI O—
STB O—
P4
233 s:: 1000pF
RPN 1000p5;
8 7 6 5
MB 507
Vee 12 3 4
T =
:‘) X1 1 12.8 MHz X'tal
J 1000pF Vee 5V £10%
1000pF 2.2KQ Vgx : 8V Max.

Cq,Cy: depends on crystal oscillator

_I"

1-45



A
FUJITSU

WM - mB 507

PACKAGE DIMENSIONS

(Suffix: P)

INDEX
.234(5.95)
N .254(6.45)
.354(9.0)
.386(9.8)
-023(0.59) 100(2.54)
.049(1.24) TYP

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

Mrar]

\

.039(0.99)

.051(1.29)

il

| |

-172(4.36)MAX

MIN

020(0.51) |-118(3.0/MIN

.015(0.38)
.021(0.54)

.060(1.52)

.072(1.82)

© 1985 FUJITSU LIMITED DO8006S-1C

15° MAX

7.37)
7.87)

.008(0.20)
.012(0.30)

Dimensions in
inches (miliimeters)
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PACKAGE DIMENSIONS

(Suffix: PF)

N
FUJITSU

MB 507  HHRINRAME

232(5.9)
260(6.6)
291(7.4)
INDEX 323(8.2)
.197(5.0)
.220(5.6)

.050(1.27)
I

___j 014(0.35)

TYP .022(0.55)

8-LEAD PLASTIC FLAT PACKAGE
(CASE No. : FPT-08P-M01)
.002(0.05)
MIN
(STAND OFF)
J)
- Details of “A" part
A
-] .008(0.2)
.260(6 .6)
.283(7.2) i
! " 020(0.5)
_ __|[_007(0.18)
e | B A “MAX
’ \
! + 012(0.3) 02740 68)
| ¥ 1028(0.7) MAX
o0t
039(1.0) 1005(0.13)
.008(0.20)
.085(2.15)
MAX
Dimensions in inches
{millimeters)

©1986 FUJITSU LIMITED F08002S-1C

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully
checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such in-
formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of
Fujitsu Limited or others. Fujitsu Limited reserves the right to
change device specifications.
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FUJITSU LIMITED
Communications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int't Prefix) 81-3-216-3211 Telex: J22833 Cable: "FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bidg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: 2224361 FTTOR J
FUJITSU MICROELECTRONICS, INC.:
3320 Scott Bivd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9. OG./A
Lyoner StraRe 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 069/66 320 Telex: 0411 963

© 1986 FUJITSU LIMITED Printed inJapan 0V2259-868C
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2.3 GHz TWO MODULUS PRESCALERS

The Fujitsu MB508 is a 2.3 GHz two modulus prescalers, which are used in Phase
Locked Loop (PLL) frequency synthesizer and divides the input frequency modulus of
128/130, 256/258 or 512/514. The output is 1.6 V peak to peak ECL level. Its ultra
high frequency operation provides wide application, such as Direct Broadcasting
Satellite System, CATV system, UHF Transceiver, etc.

e High Speed : f = 2.3 GHz max. (VIN = 0.4 Vp-p)

e Input Signal Amplitude : VIN= 100 mVp-p (fiN =~ 1.8GHz)
® Pulse Swallow Function : 128/130, 256/258, 512/514

o Power Dissipation : 120 mW typ.

e Wide Operation Temperature : -40 °C to +85 °C

e Stable Output Amplitude : Vout = 1.6 Vp-p typ.

e Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthesizer
system block IC

® Plastic 8-pin standard Dual-In-Line Package or Mini Flat Package

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Rating Symbol Value Unit
Power Supply Voltage Vee -0.5to +7.0 \%
Input Voltage Vin ~0.5 to Vee \
Output Current Il o 10 mA
Operating Temperature Ta -40 to +85 °C
Storage Temperature TsTta -55 to +125 °C

NOTE: Permanent device damage may occur if the above Absolute
Maximum Ratings are exceeded. Functional 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.

COpyrigth 1987 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc.
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November 1987
Edition 1.0

PLASTIC PACKAGE
DIP-08P-MO01

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

J _
IN 1 s 1N
Ve 2 7 sw2
eo TOP VIEW -]
swi [ |3 6| 1 Mc
out [|4 5 GND

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields. However, it is advised that normal precautions
be taken to avoid application of any voltage higher
than maximum rated voltages to this high impedance
circuit.
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Fig. 1 — MB508 BLOCK DIAGRAM

|LDDQ DQ_lDQ'—J

D Q
|N8:I> rc FC rc .

N

SW1

Inlp

[
0%0

]
o
o 9l

O

o]
| —
N
o
o Ol
—
—
o
o 9Ol
| —
o 0Ol
— |
—
o 0l
—

I
O‘gU

——-O0 OuT

MC
Swi SW2 MC Divide Ratio

H H H 1/128

H H L 1/130

H L H 1/256

L H H 1/256

H L L 1/258

L H L 1/258

L L H 1/512 Note: SW: H=Vcc, L=open

L L L 1/514 MC: H=2.0V to Vcec, L=GND to 0.8V

Pin Number Symbol Descriptions

1 IN Input
2 Vece Power Supply, +5V
3 SWi Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control input (See Divide Ratio Table)
7 SW2 Divide Ratlo Control Input (See Divide Ratio Table)
8 iN Complementary Input
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MB508
Values
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Vece 4.5 5.0 5.5 \%
Output Current lo 1.2 mA
Operating Temperature TA -40 +85 °C
Load Capacitance Cu 12 PF
(Recommended Operating Conditions unless otherwise noted)
Values
Parameter Symbol Condition Unit
Min Typ Max
Power Supply Current I cc 24 mA
Output Amplitude Vo 1.0 1.6 Vp-p
Input Frequency fIN :Iat:algitt‘g: ?838:’;9 100 2300 MHz
VINA fin = 1800MHz to 2300MHz 0.4 1.2 Vp-p
Input Signal Amplitude
ViNB fin = 100MHz to 1800MHz 0.1 2.0 Vp-p
High Level Input Voltage for MC Vi 2.0 \%
Low Level Input Voltage for MC ViL 0.8 \%
High level Input Current for MC [T 0.4 mA
ViH = 2.0V, ViL=0.8V

Low Level Input Current for MC ('R -0.2 mA
Modulus Set-up Time MC to t seT 18 28 ns
Output at 2.3 GHz Operation
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R

FUJITSU

UL

P.G.

Sampling scope Inpu
for input waveform

/

5000

t point

——{

Fig. 2 - TEST CIRCUIT

(7

Vcc  SW1 SW2

O

Vece=+5.0V£10%
Ca

I
J;

Sampling scope prober point
for output waveform
IN ouT ' O
RL é CL
MC  GND < {
MC input

C1: 1000pF

mro& 1000pF
Cs: 0.1uF
CL:

RL :

12pF (including scope and Jig capacitance)
2KQ

Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

2.0
TA=25°C
Vee = 5V
1.0
0.0 v L
10 100 1000

Input Frequency (MHz)




MB508

(I A
FUJITSU

[

Fig. 4 - TYPICAL APPLICATION EXAMPLE

[e3] Vs8X (Max.8 V)
V(E:”;-I Vcec  Vee
T Cli_)“ T —lr
16 15 14 13 12 11 10 9
0.047F MB87001A veo
4 L 2345678 100KQ,
77; L] | |
CKO———— 33KQ
SIO
STB O
> 2 1000pF
¢ g:»g:b [ . °
5 v}’ﬁ;’ 1000pF;
T T 8 7 6 5
MB508
Vece 1 2 3 4
X1 : 12.8MHz X'tal
— 1000pF Vee : 5V +10%
frned 2.2kQ) Vsx : 8V Max.
1000pF -I: C1,C2 : depends on crystal oscillator
Lock
Det. ©
10KQ

—O OUTPUT
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PACKAGE DIMENSIONS

(Suffix: P)

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE

s

INDEX

[

O

(CASE No. DIP-08P-M01) ),
15° MAX
1244 £ .010 .300 (7.62) TYP
(6.20 + 0.25)

I LA L

+.014
.0357 ‘012

a0t g

(9.40

+0.35
.80 5:3%)

+.012
.039%

(0‘99j3~3°)

Dimensions in
inches (millimeters)

+0.40
-0.

30)

.100 (2.54) TYP

.010 + .002
(0.25 + 0.05)

;

4

172 (4.36) MAX

.020 (0.51)
MIN

A

.118 (3.0) MIN

.018 + .003

(0.46 + 0.08)

060 160‘2 (1.827

+0.30
o )

D08006S-2C
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PACKAGE DIMENSIONS (Continued)

(Suffix: PF)

+.010
1250 Z 008

+0.26
(6.35 Z 5:50)

HHH A

8-LEAD PLASTIC FLAT PACKAGE
(CASE No. FPT-08P-MO01)

INDEX

O'/

.209 + .012
(5.30 £ 0.25)

l

.050 (1.27) TYF’I |

ol -

| .018 + .004
(0.45 + 0.10)

Dimensions in
inches (millimeters)

.0315 + .008
(0.80 £+ 0.20)

.307 + .016
(7.80 £ 0.40)

.085 (2.15) MAX

\
NiiEsims i e

.002 (0.05) (MIN)
(STAND OFF)

+.016
268 % 918
+0.40
(6.80 2 5120)

+.002
.00s ¥ 392 “ ¥ 0204 .008

©.15 *8'82) (0.50 + 0.20)

View “A”
' .ooi (0.20)

020 (0.50)

J )

[€—— 007 (0.18) MAX

[€—— .027 (0.68) MAX

F080025-2C
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The information contained in this document does not convey any license
under the copyrights, patent rights, software rights or trademarks claimed
by Fujitsu. Circuit diagrams utilizing Fujitsu products are included as a
means of Illustrating typical applications. Complete information sufficient
for construction purposes is not necessarily given. The information
contained In this document has been carefully checked and is believed to be
reliable. However, Fujitsu assumes no responsibility for inaccuracies.
Fujitsu reserves the right to change products or specifications without
notice. This document published by FUJITSU LIMITED, Tokyo, Japan.
U.S.A. distribution by U.S. Technical Publications Department, Fujitsu
Microelectronics, 3320 Scott Bivd. Santa Clara, CA 95054-3197. European
distribution by Fujitsu Mikroelektronik GmbH, Arabella Center 9, OG/A,
Lyoner Strabe 44-48 D-6000, Frankfurt-Niederrad 71, F.R. Germany.
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FUJITSU LIMITED

Communications and Electronics

6-1, Marunouchi, 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int’l Preﬂx) 81-3-216-3211 Telex: J22833 Cable: “FUJITSULIMITED TOKYO”

For further information please contact:
FUJITSU LIMITED
Semiconductor Marketing:  Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan

g.,
Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211
Telex: 2224361 FTTOR J -

FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA 95054-3197, U.S.A.
Phone: (408) 562-1000 TELEX 910-338-0190 FUJITSU SNTA
Effective March 1, 1988 3545 North First Street, San Jose, CA 95134, U.S.A.
Phone: (408) 922-9000
FUJITSU MIKROELEKTRONIK GmbH:
Arabella Center 9. OG./A

Lyoner Strasse 44-48 D--6000, Frankfurt-Niederrad 71, F.R. Germany
Phone: 069/66 320 Telex: 0411 963

FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:

805 Tsim Sha Tsui Centre, West Wing, 66 Mody Road, Kowloon, Hong Kong
Phone: 852-3-7320100 Telex: 31959 FUJIS HX

© FUJITSU LIMITED and Fujitsu Microelectronics, Inc., 1987 Printed in USA OV0094-87YF1
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TWO MODULUS

TWO MODULUS PRESCALER WITH STAND-BY MODE
The Fujitsu MB509 is a low power two modulus prescaler which enables pulse
swallow function. The MB509 is used in Phase Locked Loop (PLL) frequency

synthesizer and divides the input frequency by the modulus of 64/65 or
128/129, respectively.

Power consumption is 58 mW typ. at power supply voltage of 5.0V. The
MB509 is equipped with the stand by mode which cuts off the power sup-
ply current lce under PLL phase lock condition. ( Icc =180 pA under current
cut condition)

® High Speed: fmax = 1.1 GHz max. (V,y = 0.4 Vp-p)

® Pulse Swallow Function: 64/65, 128/129

® Power Supply Consumption: 58 mW typ.

® Stand-by Current: 180 pA typ.

® Stable Output Amplitude: Vg = 1.6 Vp-p typ.

® Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe-
sizer system block I1C

® Plastic 8-pin Dual-In-Line Package (Suffix: —P)
Plastic 8-pin Mini Flat Package (Suffix: —PF)

® Built-in a Terminal Resistor
Stable output amplitude is obtained up to output load capacitance of 8 pF.

ABSOLUTE MAXIMUM RATINS (See NOTE)

PRESCALER WITH
STAND-BY MODE

Rating Symbol Value Unit
Power Supply Voltage Vee -0.5t0+7.0 \%
Input Voltage Vin -0.5to V¢ \
Output Current lo 10 mA
Storage Temperature Tsta -55to +125 °c

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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.
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January 1988
Edition 1.0

PLASTIC PACKAGE
DIP-08P-MO01

PLASTIC PACKAGE
FPT-08P-M01

PIN ASSIGNMENT

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB509 BLOCK DIAGRAM

I 1
|
\\___D o @ a o o} —o0 PS
C C M
g ot Buter T J‘ ” PS [SW|MC| Divide Ratio
w1 > o> H{H|H 1/64
H|H]|L 1/65
Q E D a F:] Output H L H 17128
Buffer H|L|L 1/129
Q c a H—O ouT
! i L - Stand-by mode
g : Note: SW: H =Vc, L = open
. MC: H=3.0V to V¢,
L = GND to 0.8V
PS: H=2.0Vto Ve,
me o—>— L = GND to 0.4V
Pin Number Symbol Description
1 IN Input
2 Vee Power Supply, +5V
3 SW Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 PS Stand-by Control Input (See Divide Ratio Table)
8 iN Complementary Input
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RECOMMENDED OPERATING CONDITIONS
Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Vee 4.5 5.0 5.5 \Y
Operating Temperature Ta -40 - +85 °c
Load Capacitance CL - - 8 pF
(Recommended Operating Conditions unless otherwise noted)
Value
Parameter Symbol Condition Unit
Min Typ Max
lec - 1.6 - mA
Power Supply Current
lpg Stand-by mode - 180 — UA
Built-in a Terminal
Output Amplitude Vo Resitor. 1.0 1.6 — Vp-p
Load capacitance = 8pF
With i t li
Input Frequency fin caI;)acIi:g:‘1gggzllng 10 — 1100 MHz
Input Siganl Amplitude Vin - 0.4 - 2.0 Vp-p
High Level Input Voltage for MC Vin - 3.0 - - \
Low Level Input Voltage for MC ViL - - - 0.8 \%
High Level Input Voltage for PS Vin - 2.0 — - \%
Low Level Input Voltage for PS ViL - - - 0.4 \"
High Level Input Current for MC lin - - 0.4 mA
Vi =3.0V, V, =08V
Low Level Input Current for MC [ -0.2 - — mA
Modulus Set-up Time MC to Output tseT - - 16 26 ns
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Sampling scope input point
for input waveform

Fig. 2 — TEST CIRCUIT

500 __“____4 N

O Vee =+5.0V £ 10%

%( i ?
Vee SwW Sampling scope prober point
for output waveform
ouT O
.
= Cc
MC GND
MC input
7J” C4 : 1000pF
C, : 1000pF
C3: 0.1uF

Cy : 8 pF (including scope and jig capacitance)
PS pin is open.

Example. Divide Ratio of 128/129

TWO MODULUS OPERATING TIMING CHART

64 65 64

change of prescaler divide ratio.

MD L
L— tSET —ef
our 64 64 64 65
Notes:

When divide ratio of 129 is selected, positive pulse is added by one to 65.

The typical set up time is 16 ns from the MD signal input to the timing of
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY

MINIMUM INPUT SIGNAL AMPLITUDE V |y (dBm)

[
FUJITSU

mB509 G0

Vee = 5.0V

Datasheet spec. Ta=85"C Ta=25°C

Ta =-40°C

-10f
~20} /
-30F
I 1 1 1
1.0 1.2 1.4 1.6
INPUT FREQUENCY f;y (GHz)
Fig. 4 — WAVEFORM OF STAND BY MODE
< Power Off > < Power On >
=
PS pin Input (=)
Signal >
0
/ \ WA WaWaWaWa W
ouron 5 [ \[\ (WAVAVAVILVILVILVALY|
Output signal a \'4 A\ 4
(Prescaler =
output) 2

50ns/Div.

Note: About 50 ns of set up time is required for both power on/off.
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PACKAGE DIMENSIONS

(Suffix: -P)

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-08P-M01)

1]

0

(6.20x0

)

JLIL]

+.016
.370_'012

+0.40, .
(9.40_0.30)

.244£.010

.25)

.100(2.54)TYP

A\

— I~

10.99'33)

gy

.172(4.36)MAX

.020(0.51) | -118(3.0)MIN
MIN

.060

.018%
___I L (0.46+

+.012

.003
0.08)

0 (1.52

+0.3
o)

©FUJITSU LIMITED 1987 D08006S- 2C

15~°MAX

.300(7.62)TYP

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (Cont’d)

(Suffix: -PF)

(T
FUJITSU

MmB509

8-LEAD PLASTIC FLAT PACKAGE
(CASE No. : FPT-08P-M01)
2507010
_.008
. 35‘:?) 33) .002(0.05)
MIN
(STAND OFF)
HHHAHA o
\L View A’
~ 008(0.2)
307+.016
INDEX (7.8+0.4) 268" 008 [
P 1209£.012 0.4
g (5.30%0.25) (6.807550) ! ! 520005
__||_.007(0.18)
| MAX
H H H d =\ .020+.008 .027(0.68)
(0.5:0.2) MAX
1018%.004
os0i1.27)] (0.45:0.10) 1
TYP 006+ 002
(0. 15*3 gg)
1 T
\ .0315%.008
A (0.8+0.2)
©FUJITSU LIMITED 1987 F08002S-2C I?::gr‘\i:s(lrz:}fl:eters)

The information contained in this document does not convey any
license under copyrights, patent rights, software rights or trademarks
claimed by Fujitsu. Circuit diagrams utilizing Fujitsu products are
included as a means of illustrating typical applications. Complete
information sufficient for construction purposes is not necessarily

1-63

given. The information contained in this document has been carefully-
checked and is believed to be reliable. However, Fujitsu assumes na
responsibility for inaccuracies. Fujitsu reserves the right to change
products or specifications without notice.
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2.7 GHz TOW MODULUS PRESCALER

The Fujitsu MB510 is a ultra high speed two modulus prescaler which
enables pulse swallow function. The MB510 is used in Phase Locked
Loop (PLL) frequency synthesizer and divides the input frequency
by the modulus of 128/144 or 256/272, respectively

The MB510 achieves extremely small stray capacitance of internal
element, realized through the use of Fujitsu Advanced Process
Technology. As the results, ultra high speed is achieved with
low power supply current of 10 mA typ.

® High Speed: fmax =2.7 GHz max. (V|5 = 0.4 Vp-p) PLASTIC PACKAGE
DIP-08P-M01
® Pulse Swallow Function: 128/144, 256/272

® Low Supply Current : 10 mA typ.

® Stable Output Amplitude: Vg = 1.6 Vp-p typ.

® Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe-
sizer system block IC

® Plastic 8-pin Dual-In-Line Package (Suffix: —P) PU?#%;:&:)(‘AGE
Plastic 8-pin Mini Flat Package (Suffix: —PF)

® Built-in a Terminal Resistor
Stable output amplitude is obtained up to output load capacitance of 8 pF. PIN ASSIGNMENT

ABSOLUTE MAXIMUM RATINS (See NOTE)

Rating Symbol Value Unit
Power Supply Voltage Vee -0.5t0+7.0 \"
Input Voltage Vin -0.5 to Ve \%
Output Current lo 10 mA
Storage Temperature Tste -55to +125 °c

i This device contains circuitry to protect the
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM inp"’m .‘;:’i;“ d‘m'”e due 10 high static volt.

RATINGS are exceeded. Functional operation should be restricted to l:es or mcl(ric des'é P:ov;:vetr‘k;tn is‘ :d.v::g
iti H H : . - that normal precaution:

the conditions as detailed in the operational sections of this data application of any voltage higher than maxi-

sheet. Exposure to absolute maximum rating conditions for extended mum rated voltages to this high impedance

periods may affect device reliability. circuit.
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Fig. 1 — MB510 BLOCK DIAGRAM

T
sl ] et
— ['j o

[
fre—

-

L

SWIMC Divide Ratio

H|H 1/128

H L 1/1484 .0 D
L|H 1/256

L 1/212

Note: SW: H = V¢, L = open
MC: H=2.0V to Vg,
L =GND to0 0.8V

PIN DESCRIPTION

Pin Numt > Symbol Description
1 IN Input
2 Vee Power Supply, +5V
3 SwW Divide Ratio Control Input (See Divide Ratio Table)
4 ouT Output
5 GND Ground
6 MC Modulus Control Input (See Divide Ratio Table)
7 NC Non Connection
8 iN Complementary Input
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Value
Parameter Symbol Unit
Min Typ Max
Power Supply Voltage Vee 45 5.0 5.5 \%
Operating Temperature Ta -40 - +85 °c
Load Capacitance CL - - 8 pF
(Recommended Operating Conditions unless otherwise noted)
Value
Parameter Symbol Condition Unit 1
Min Typ Max
lec - 10.0 15.0 mA

Power Supply Current

Built-in a Terminal
Output Amplitude Vo Resitor. 1.0 1.6 - Vp-p

Load capacitance = 8pF

With input coupling
Input Frequency fin capacitor 1000pF 10 - 2700 MHz
Input Siganl Amplitude Vin fin = 2200 to 2790 MMz 04 - 1.2 | Vpp
Input Siganl Amplitude Vin fin = 10 to 2200 MHz 0.2 - 1.2 Vp-p
High Level Input Voltage for MC Vin - 3.0 - - v
Low Level Input Voltage for MC Vie - - - 0.8 \Y
High Level Input Current for MC hw - - 0.4 mA

Vin =2.0V, V,  =0.8V
Low Level Input Current for MC e -0.2 - - mA
Modulus Set-up Time MC to Output tseT - - 16 26 ns
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Fig. 2 — TEST CIRCUIT

L l O Vec =450V +10%
" . . C3
Sampling scope input point
for input waveform J;
Vee Sw Sampling scope prober point
Cq for output waveform
PG —w ouT o
500 _l l___ N
C2 - cl.
MC GND
MC input
n 7 Cy : 1000pF
Cz : 1000pF
C3: 0.1uF

Cy : 8 pF (including scope and jig capacitance)

TWO MODULUS OPERATING TIMING CHART

Example.  Divide Ratio of 128/144

MD
L tSET —e]
out 64 64 64 80 64 80 64
Notes:

When divide ratio of 144 is selected, positive pulse is added by 16: to 80

The typical set up time is 16 ns from the MD signal input to the timing of
change of prescaler divide ratio.
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PACKAGE DIMENSIONS

(Suffix: P)

MB510

IR

FUJITSU

WAy

INDEX

+.014
.035_.0‘ 2

+0.35
(0.89%03%)

8-LEAD PLASTIC DUAL-IN-LINE PACKAGE

(CASE No.: DIP-08P-M01)

Loararl

0

.244:.010
(6.20+0.25)

0]

+.016
370_912 —
+0.40)
-0.30

(9.40
.100(2.54)TYP

+.012
0

109933

.039

\
|

.018:.003
(0.46:0.08)

+.012 . +0.3
06075 (1,527

.172(4.36)MAX

SEATING PLANE
.020(0.51) | -118(3.0IMIN
MIN

© 1987 FUJITSU LIMITED DO08006S- 2C

15° MAX

.300(7.62)TYP

.010+.002
(0.2520.05)

Dimensions in

inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: PF)
8-LEAD PLASTIC FLAT PACKAGE
(CASE No. : FPT-08P-M01)
250*010
-30_008 |
(6.35"32%) 002(0.05)
- MIN
(STAND OFF)
HHAH <
- View “A*
{ 008(0.2)
.307:.016 +.016 ) 4
INDEX (7.8+0.4) 2687000
.209:.012 +0.40 Y )
6.80 |
(5.30:0.25) (6.80_5 59! / 7 02010.5!
| _||_007(0.18)
| — MAX
H H h .020+.008 027(0.68)
.5+0. MAX
018,004 | 10.520.2)
.050(1.27) (0.45:0.10)
TYP R oos*-002
O%_ 001
(0157505
.085(2.15)MAX
"\ T 0315:.008 L
Dimensions in
A (0.8:0.2) inches (millimeters)
©1987 FUJITSU LIMITED F08002S-2C
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Section 2

Phase Lock
Loops (PLL)

MB87001A
MB87006A
MB87014
MB87073
MB87076

MB87086

CMOS PLL Frequency Synthesizer System Block
CMOS PLL Frequency Synthesizer System Block
CMOS PLL Frequency Synthesizer

CMOS PLL Frequency Synthesizer System Block
Intermittent Operating CMOS Serial Input
Phase/Locked) Loop (PLL) Frequency Synthesizer
CMOS Serial Input Phase/Locked) Loop (PLL)
Frequency Synthesizer
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[T e roex

CMOS SERIAL INPUT Phase-Locked-Loop (PLL) FREQUENCY
SYNTHESIZER SYSTEM BLOCK

The Fujitsu MB 87001A is designed for the PLL Frequency Synthesizer with
the MB 501 Dual Modulus Prescaler. The MB 87001A contains a Crystal Oscil-
lator Circuit, a Digital Controlled Reference Frequency Divider, a Phase
Detector, a Charge Pump, 17-bit Shift Register, 17-bit Latch, Binary 7-bit
Swallow Counter, Binary 10-bit Programmable Counter, and control circuit
for the prescaler.

July 1987
Edition 3.0

Power Supply Voltage: 2.7 to 5.5V

Wide Operation Temperature Range: —40 to +85°C
Inverter for oscillator

17-bit Programmable Divider with Input Buffer Amplifier
Binary 7-bit Swallow Counter plus Binary 10-bit Programmable Counter PLASTIC PACKAGE
11-bit Programmable Reference Divider with control circuit DIP-16P-M04

8 divided factors for reference frequency selected by external input Sy thru
S

3
8, 16, 64, 128, 256, 512, 1024, 2048

Divided factor for Programmable Dividers is input as serial data bit
2 types of Phase Detector Output

Bult-in Charge Pump Output

Output for External Charge Pump
® Easy to make up PLL system with Dual Modulous Prescaler ICs MB 50X
16-pin Standard Dual-in-line Package (DIP) and 16-pin Flat Package.
® Pulse Swallow Function

fvco = [(NxM) +A] x f, PLASTIC PACKAGE
fuco : VCO (Voltage Controlled Oscillator) Output Frequency FPT-16P-M02
N : Preset Divided Factor of Binary 10-bit Programmable Counter
(16 through 1023) : N should be greater than A.
M : Preset Modulus Factor of external two modulus prescaler
(64 in 64/65 mode, 128 in 128/129 mode) PIN ASSIGNMENT
A 1 Preset Divided Factor of Binary Swallow Counter
(0 through 127)
f : Output Frequency of Reference Frequency Divider
r Voot N [1Vss
ABSOLUTE MAXIMUM RATINGS (See Note) ck[]2 15 :|X1
Rating Symbol Value Unit Sl[j 3 14 D Xo
Power Supply Voltage Voo GND-0.5 to GND+7.0 \" STBE 4 0P VIEW 13[0s3
Input Voltage V, GND-0.5 to Vpp+0.5 \% fin[]s 12[7s,
Output Voltage \ GND-0.5 to Vpp+0.5 \%
p g ) DD mC]e 1 :181
Output Current lo +10 mA
- o[ 10[Jep
Open-drain Output Voor GND-0.5 to Vpp+3.0 \
" A Do _]8 9l JoR
?peratmg Ambient Ta _40 10 +85 °c
emperature
Storage Temperature Tste —-65 to +150 °c
Power Dissipation Pp 300 mW
This device contains circuitry to protect the
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM inputs against damage due to high static volt-
RATINQS are exceedeq. Fu!'lctional operation should be restric?ted to ages ‘;’o:’:“;"':n:;msibn’:°vgewzk;; . :da‘";zeig
the conditions as detailed in the operational sections of this data application of any voltage higher than maxi-
sheet. Exposure to absolute maximum rating conditions for extended mum rated voltages to this high impedance
periods may affect device reliability. circuit.
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Fig. 1 — MB 87001A BLOCK DIAGRAM
S o
S2 e Divider Control Circuit
83 x' I 8 AN U VRN U (N NN Y S S Y § LD
o [EEEEEERRE X °
X4 o——ﬁ Reference Freq. Divider
f
1 l——-[ Binary 11-bit Divider ] r — ¢R
X, o |
_________________________________________ Phase
Detector
fp
T, ] F—>0 ¢P
17-bit Shift Register
s1 © 7-bit Shift Register 10-bit Shift Register ;
TR P |
17-bit Latch
STB o- L 7-bit Latch 10-bit Latch J U charge |—— po
P —r T T T T T T T T Pump
............. ! R RE) [RENERERN!
Amp. | Programmable Divider ;
hd 1 H
fin Binary 7-bit Binary 10-bit H—
Swallow Counter Programmable Counter |
Control Circuit
- M
PIN NAME TABLE
Pin No. 1/0 Pin Name Pin No. 1/0 Pin Name
1 - Vob 9 O ¢R
2 | CK 10 (e} ¢P
3 | St 1 | S
4 I STB 12 | Sz
5 | fin 13 | S3
6 [0} M 14 [0} Xo
7 o LD 15 | X4
8 (o] DO 16 - Vss




UMMM
FUJITSU

MB87001A I
Pin No. Symbol Function

1 Vob Power Supply Voltage

2 CK Clock signal input for 17-bit Shift Register. Serial input is valid at the rising edge of CK.

3 Si Serial Data Input for 17-bit Shift Register. See SERIAL DATA INPUT FOR PROGRAM-
MABLE DIVIDER.

4 STB Strobe signal input for transfer the data of 17-bit Shift Register to 17-bit Latch. The opera-
tion is executed when STB is at High level.

5 fin Input for Binary 7-bit Swallow Counter and Binary 10-bit Programmable Counter. This input
involves bias circuit and amplifier. The connection with Dual Modulus Prescaler should be AC
connection. :

6 M Control output for Dual Modulus Prescaler. The connection with the prescaler should be DC
connection.

Pulse Swallow Function:
MB 501: M = High : Preset Module Factor 64 or 128
M = Low : Preset Module Factor 65 or 129

7 LD Output of Phase Comparator; It is at High level when f. and f, are coherent, and then the
loop is locked. Otherwise it outputs pulse signal.

8 DO Three-stage Charge Pump Output; The mode of DO is changed by the combination of Refer-
ence Freq. Divider output frequency f, and Programmable Divider output frequency f, as
listed below:

f, > f, : Drive Mode (DO = High)
f, = f, : High-Impedance Mode
f, < fp : Sink Mode (DO = Low)

9 ¢R Outputs for external charge pump. Note that ¢P is an N-ch open-drain output.

10 oP #R oP
fp > fo: Low : Low
fr = fp : Low : High-Impedance
f, < fo : High : High-Impedance

1 S, Control Inputs for Reference Frequency Divider. The combination of these inputs provides

12 S, divided factor to Reference Frequency Divider.

13 S3 Divided Factor 8 16 64 128 256 512 1024 2048

S o] 1 0 1 0 1 0 1
S, 0 0 1 1 0 0 1 1
S3 0 0 0 0 1 1 1 1

14 X5 Pin for Crystal Oscillator; Output pin of the inverting amplifier. This pin should be open when
an external oscillator is used.

15 X4 Pin for Crystal Oscillator; Input pin of the inverting amplifier that forms part of the oscillator.
This pin receives the oscillator signal as AC coupling when an external oscillator is used, but
for large amplitude signals (standard CMOS levels), DC coupling may also be used.

16 Vss Ground
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit

Power Supply Voltage (Vgg = 0V) Voo 2.7t05.5 \Y

Input Voltage v, GND to Vpp \

Operating Ambient Temperature Ta -40 to +85 °c

ELECTRICAL CHARACTERISTICS (v, =5.0v, Ta = -40 t0 +85°C)
Value
Parameter Conditions Symbol Unit
Min Typ Max

High-level Input Voltage All inputs except fiy Vi 35 - - v
and X,

Low-level Input Voltage All inputs except fiy \Y - — 1.5 \Y

p g and x1 L .

Input Sensitivity of f|y Sine wave AC coupling Vipp 1.0 - — Vp-p

Input Sensitivity of X, Sine wave AC coupling Vein 1.5 — - Vp-p
All inputs except

High-level Input Current fin and X, ' - 1.0 - uA
Vi = Vpp
All inputs except

Low-level Input Current fin and X4 I - -1.0 - HA
Vi = GND

Input Current of fy V, = GND to Vpp lain — 50 - HA

Input Current of X, V, = GND to Vpp Ix1q - +50 - MA
All outputs except

High-level Output Voltage ¢P and Xy Vou 4.95 - — \%
lon = OuA
All outputs except

Low-level Output Voltage ¢P and X, Vor - — 0.05 \%
loL = 0uA

Low-level Output Voltage of ¢P loL = 2mA VoLp — — 1.0 \"

High-level Output Voltage of Xz lon = OuA Vorx 4.50 - - Vv

Low-level Output Voltage of Xz loL = OuA Voux - - 0.50 \Y
All outputs except

High-level Output Current @P and Xp lon -1.0 - - mA
Von = 4.0V
All outputs except

Low-level Output Current ¢P and Xy loL 1.0 - — mA
VoL = 0.8V

N-ch. Open Drain Cut-off P only | _ 1.0 _ A

Current Vo = Vpp + 3.0V OFF : "

Power Supply Current See Note * Iop — 3.0 — mA

Maximum Operation Frequency g!v!der Unit: Ref. Freq. fmaxd 15 25 MHz

ivider
. . Prog. Counter 7/10 bit
Maximum Operation Frequency Counter fraxp 13 25 MHz

Note *: f;y =5.0 MHz using 12.8 MHz X'tal. All inputs except f|y are connected with GND. All outputs are open.
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ELECTRICAL CHARACTERISTICS (Vpp = 3.0V, Ta = -40 to +85°C)

U
FUJITSU

(A

. Value
Parameter Conditions Symbol - Unit
Min Typ Max
S All inputs except iy _ _

High-level Input Voltage and X, Viy 2.1 \
All inputs except |y

Low-level Input Voltage \ — — \

P 9 and X, i 0.9

Input Sensitivity of f|y Sine wave AC coupling Vo 0.8 — - Vp-p

Input Sensitivity of X, Sine wave AC coupling Vsin 1.0 — - Vp-p
All inputs except

High-level Input Current fin and X4 hiy — 1.0 — MA
Vi = Voo
All inputs except

Low-level Input Current fin and X4 I — -1.0 - KA
V, = GND

Input Current of fiy V,; = GND to Vpp lein — +30 — MA

Input Current of X, V| = GND to Vpp Ixq - +30 - HA
All outputs except

High-level Output Voltage ¢P and Xy Von 2.95 - - \%
lon = OuA
All outputs except

Low-level Output Voltage ¢P and X2 VoL — — 0.05 \Y
loL = OuA

Low-level Output Voltage of ¢P loL = 0.8mA Vorp - - 0.8 \

High-level Output Voltage of X, lon = OuA Vonx 25 — - \

Low-level Output Voltage of X, loL = OuA Vorx - - 0.50 \Y
All outputs except

High-level Output Current P and Xa lon -0.5 - - mA
Von =2.0V
All outputs except

Low-level Output Current ¢P and X, oL 0.5 - — mA
VoL = 0.8V

N-ch. Open Drain Cut-off ¢P only i _ 1.0 _ A

Current Vo = Vpp + 3.0V OFF : K

Power Supply Current See Note * 'bo — 2.0 — mA

Maximum Operation Frequency B::’l:g:: Unit: Ref. Freq. fmaxd 13 20 MHz

. . Prog. Counter 7/10 bit
Maximum Operation Frequency Counter fmaxp 10 20 MHz

Note *: f;y = 5.0 MHz using 12.8 MHz X'tal. All inputs except f; are connected with GND. All outputs are open.
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SERIAL DATA INPUT FOR PROGRAMMABLE DIVIDER

The Divided factor of the programmable divder is provided by the 17-bit latch. The data of the latch is transferred from the
17-bit shift register at the rising edge of strobe signal STB. The shift register has a serial input with clock input. A divided
factor is input from MSB as illustrated in TIMING CHART.

Fig. 2 — Block Diagram of Programmable Divider

r T T T T T T T T T T T T T T T T T T T T T T T T TS TTT T T TT T T 1
| LsB mMsB {
| |
re 'y 17-bit !
S O|O(O|@6|e|0He|e|00|(@|0|0|®|6|O Shift 1
CK }— Register
|
! |
| I D T H
™ T "y T Ty Ty Ty Ty T Ty Ty T Ty Ty Ty Ty Ty T - - |
' I
I} sy S2]S3|sa|Ss)]Ss] Sy Sg | So |S10| S11]S12] S13|S14| S15 | S16 ] S17 |
| 17-bit Latch |
STB = — |
! |
' I
[ e T D D R R B I D B D I |
' I
' |
| Binary 7-bit Swallow Counter Binary 10-bit Programmable Counter PDrit‘)l?;Zinmable |
' |
‘ |
I I
Timing Chart
®ty, -, t5 > Tus

St Sq7 =MSB )( S16 X S15 SB)( S7 Sax Sz X Sy =LsB

o _gﬂdT—LFL__ﬂ_ﬂ___FLQF |

sTB l ! ]

L
iR iR L




Binary 7-bit Swallow Counter Data Input

UMM

FUJITSU
MB87001A M

® Divided Factor: O thru 127

® Depending the external prescaler’'s Divided Factor Swap,
SW, the input data should be as follow:

+SW = ""H": Bit 7 of the shift register should be “‘0."”
*SW="L":Bit7is “0" or “1.”

Digit No.
7 6 5 4 3 2 1 Note:
Divided Factor
0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1
2 0 0 0 0 0 1 0
B 501:
3 0 0 0 0 0 1 1 MB 501
4 0 0 0 0 1 0 0
Binary 10-bit Programmable Data Input
Digit No.
177 16 15 14 13 12 11 10 9 8
Divided Factor
16 0 0 0 0 0 1 0 0 0 0
17 0 0 0 0 0 1 0 0 0 1
18 0 0 0 0 0 1 0 0 1 0
19 0 0 0 0 0 1 0 0 1 1
20 0 0 0 0 0 1 0 1 0 0

Note: Divided factor less than 16 is prohibited.
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

NOEXA ,_\_! rn_l rrLI I_n_l rn_l ﬁﬁ I_rl /—( 15° MAX
.244+.010 .300 (7.62) TYP
(6.20+0.25)
INDEX-2 l j
LI S [ [ S W L B B
7707892 (19.55*92) (©25:005 |
039" 212

al/ t<—,050(1.27)MAx (099703)7 [
l .172(4.36)MAX

.118 (3.0) MIN
| 1

.018+.003
0.46+0.08
40603;)12 { ’ 020(0.51)IMIN Dimensions in
(152+0.3) inches (millimeters)
“< 0

.100(2.54)TYP

© FUJITSU LIMITED 1986 D16033s-2C
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PACKAGE DIMENSIONS
16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)
400"008 0047303
10157523) 01181
(STAND OFF) )
H H H H H H H H Detail of A’ part
] .008(0.20)
e
INDEX ool 272+.012
et 6.9:0.3) ’ —
l .020(0.50)
__|L_.0070.18)
H H H H H H H 1020+.008 MAX
I — ? {0.5+0.2) .027(0.68)
+.002 MAX
‘35\',0,3“'27)= ] 018+.004 *h_"m;g’g;
' (0.4550.1) (01574 63!
.085(2.15)MAX
.031+.008 E
(0.8+0.2)
Dimensions in
© FUJITSU LIMITED 1986 F16005S-3C inches (millimeters)

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully
checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such in-
formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of
Fujitsu Limited or others. Fujitsu Limited reserves the right to
change device specifications.
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FUJITSU LIMITED

ications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: J22833 Cable: “FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bidg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan

Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: 2224361FT TOR J

FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-562-1000 Telex: 910-338-0190 FUJITSU SNTA

FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9, OG./A, Lyoner Strafle 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 69-66-320 Telex: 411963 FMG D

FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:
805 Tsim Sha Tsui Centre, West Wing 66 Mody Road, Kowloon, Hong Kong
Phone: 3-7320100 Telex: 31959 FUJIS HX

© FUJITSU LIMITED 1987 Printed in Japan 0V2271-877C3
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CMOS SERIAL INPUT Phase-Locked-Loop (PLL) FREQUENCY
SYNTHESIZER SYSTEM BLOCK

The Fujitsu MB 87006A is designed for the PLL frequency synthesizer with
the MB 501 Dual Modulus Prescaler. The MB 87006A contains a crystal oscil-
later circuit, a digital controlled referenced frequency divider, a phase detector,
a charge pump, 17-bit shift register, 17-bit latch binary 7-bit swallow counter,
binary 10-bit Programmable Counter, and control circuit for the prescaler.

MB 87006A

November 1986
Edition 3.0

Single Power Supply Voltage
Wide Operation Temperature Range PLASTIC PACKAGE
Inverter for oscillater DIP-16P-M02
17-bit Programmable Divider with Input Buffer Amplifier
Binary 7-bit Swallow Counter plus Binary 10-bit Programmable Counter
14-bit Programmable Reference Divider with Input Buffer Amplifier
Binary 14-bit Programmable Reference Counter
® Divided factor for Programmable Dividers is input as serial data with a
control bit
® 2 types of Phase Detector output
Built-in Charge Pump output
Output for External Charge Pump
® Easy to make up PLL system with Dual Modulous Prescaler IC MB 501
which works upto 1 GHz.
® 16-pin Standard Dual-in-line package (DIP)
® Pulse Swallow Function

PLASTIC PACKAGE
DIP-16P-M04

fuco = {INxM)+A} xfq + R PLASTIC PACKAGE
fyco : VCO (Voltage Controlled Oscillator) Output Frequency FPT-16P-M02
N . Preset Divided Factor of Binary 10-bit Programmable Counter
(16 through 1023) : N should be greater than A,
M : Preset Modulus Factor of external two modulus prescaler
(64 in 64/65 mode, 128 in 128/129 mode) PIN ASSIGNMENT
A : Preset Divided Factor of Binary Swallow Counter
(0 through 127)
fr : Output Frequency of Reference Frequency Divider
R . Preset Divided Factor of Binary 14-bit Programmable Reference osci,[]1 N\ 16[JoR
Divider
(8 thru 16383) 0SCout[]2 15[ Jov
ABSOLUTE MAXIMUM RATINGS tv[]s 14 [ JREFq
Rating Symbol Value Unit Voo []4 13[7ta
- ND+7.0 \% TOP VIEW |
Power Supply Voltage Vob GND-0.5t0 G v PDQU‘D 5 1 fl\:llg:'i#;s
- +
Input Voltage V, GND-0.5 to Vpp+0.5 vssJe n[Le
GND-0.5 to Vpp+0.5 \%
Output Voltage Vo o Vpp LDI; ,; 10[J osta
Qutput Current lo +10 mA
fin[]8 [ clock
Operating Ambient °
Temperature Ta -40 to +85 (o]
Storage Temperature Tsta -65 to +150 °C
Power Dissipation Py 300 mW
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM e e e e o e o
RATINGS are exceeded. Functional operation should be restricted to ages or electric fields. However, it is advised
the conditions as detailed in the operational sections of this data tha‘l, normal fpfeca“'i?‘"sebﬁ Laekre';h;g '_an":x'ld
shefet. Exposure to absolute maximum rating conditions for extended frf’fn.',cart;?;d OVOﬁg;esvotoagm;s'ghigh impedance
periods may affect device reliability. circuit.
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BLOCK DIAGRAM OF MB87006A

! 14-bit Shift Register

14-bit Shift Register

ARRRERRARRRRR]

: 144m Latch

14-bit Latch

i Prog. Ref. Divider

Binary 14-bit Ref. Counter

U,

f’::l‘_'}::}_':}':}_':{:ﬂ":1‘::{':1‘5}:1::{':5

e

- ¢r

17 -bit Shift Register

:I
|
l

7-bit Shift Rigister

10-bit Shift Register ] ;

Binary 7-bit
Swallow Counter

Binary 10-bit
Programmable Counter

Phase
Detector

i Charge

Pump PDout

! Control }

1-bit
Latch

| Control Circuit I

fv

Modulus Control

PIN NAME TABLE

Pin No. 1/0 Pin Name Pin No. 1/0 Pin Name
1 I 0SCin 9 | Clock
2 0 0SCouyt 10 1 Data
3 o fy 1 | LE
4 — Voo 12 (0] Modulus Control
5 o PDou: 13 o fa
6 - Vss 14 (o] REFout
7 [0} LD 15 (0] [2%
8 ] fin 16 o) #R
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PIN DESCRIPTION
Pin No. Symbol Function
1 0SCin Pin for Crystal Resonator; Input to the inverting amplifier that forms part of the oscillator.

This pin receives the oscillator signal as AC coupling when an external oscillator is used, but
for large amplitude signals (standard CMOS levels) DC coupling may also used.

2 OSCout Pin for Crystal Resonator; Output of the inverting amplifier. This pin should be connected
to open when an external oscillator is used.

3 fv Monitor output of the phase comparator input; as well as monitoring the output of the pro-
grammable divider

4 Vbp Power Supply Voltage

5 PDout Three-state Charge Pump Output; The mode of PDgyt is changed by the combination of
Reference Divider output frequency fg and Programmable Divider output frequency fy as
listed below:

fa > fy : Drive Mode (PDgyt = High)
fr = fy : High-Impedance Mode
fr < fy : Sink Mode (PDoyt = Low)

6 Vsg Ground

7 LD Output of Phase Comparator; It is at High level when fg and fy are coherent, and then the ~
loop is locked. Otherwise it outputs pulse signal.

8 fin Input for Binary 7-bit Swallow Counter and Binary 10-bit Programmable Counter from VCO;
The connection with Dual Modulus Prescaler should be AC connection. This input involves bias
circuit and amplifier.

9 Clock Clock signal input for 17-bit Shift Register and 14-bit Shift Register; Each rising edge of the
clock makes one bit of the data shift into the shift register which specified by the last bit of
the data (control bit).

10 Data Serial data input with pull-up register for 17-bit Programmable Divider and 14-bit Program-
mable Reference Divider; This data is the divided factor of the divider, which is provided from
the corresponded shift register. The last bit of the data is the control bit which specified desti-
nation shift register. The data is transferred to 14-bit Shift Register when the bit is at high level,
and to 17-bit Shift Register when at low level.

11 LE Load Enable Input; Data input is enabled when it is High.
12 Modulus Control output for Dual Modulus Prescaler. The connection should be DC connection.
Control Pulse Swallow Function:

MB501: M = High : Module Factor 64 or 128
M = Low : Module Factor 65 or 129

13 fr Monitor output of the phase comparator input; as well as monitoring the output of the ref-
erence divider.

14 REF ot Monitor output of the reference frequency; its output can be used as system clock for micro-
processor, or reference oscillator for another PLL frequency synthesizer.

15 oy Outputs for external charge pump.
16 PR éR oy
fr> fy : Low High

fg= fy : High High
fr< fy : High Low

2-15
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Notes on Serial Data Input Timing

Data 817 = MSB} S16

D

(38 SQXS1=LSB

Clock f | J—L

LE

L L

—

4

the programmable divider.

t

FL
.

S

3

Note 1: Clock: Input of 17-bit Shift Register; Data is obtained at the edge of Clock.
Data:  Serial Data Input of 17-bit Shift Register; External data is input from this terminal.

LE: Strobe Signal Input. The contents of 17-bit Shift Register or 14-bit Shift Register are transferred to

17-bit Latch or 14-bit Latch when it is at high-level. The value of the contents is the divided ratio of

RECOMMENDED OPERTING CONDITIONS

Parameter Symbol Value Unit
Power Supply Voltage (Vgg = OV) Voo 3.0t06.0 \Y,
Input Voltage V, GND to Vpp \Vi
Operating Ambient Temperature Ta -40 to +85 °c
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ELECTRICAL CHARACTERISTICS (Vpp =5.0V, Ta = -40 thru +85°)
Parameter Condition Symbol Min Typ Max Unit
High-level Input Voltage
except f;, and OSC;, Vin Vopx0.7 v
Low-level Input Voltage
except f;, and OSC;, Vie Vopx0.3 v
L Amplitude in AC
| )
nput Sensitivity (f;,) coupling, sine wave Viop 0.5 Vo—p
Input Sensitivity (OSC;,) sine wave Vsin 0.5 Vop
High-level Input Current _
except f;, and OSCy, Vi = Voo ik 10 HA
Low-level Input Current _
except f;, and OSC;, Vi=GND h -10 HA
Input Current (f;,) V| = GND thru Vpp Ifin 150 MA
Input Current (OSC;,) V; = GND thru Vpp Ipsc +50 MA
Input Current (LE) V, = GND ILe ~60 MA
High-level Output _
Voltage except OSCoyt low = OuA Vo 4.95 v E
Low-level Output _
Voltage except OSCoyt lou = OuA Vou 0.05 v
High-level Output Current except _
0SCoyr and Modulus Control Vow = 4.6V lon -1.0 mA
Low-level Qutput Current except _
0SCoyt and Modulus Control VoL =04V lov 1.0 mA
High-level Output Current _
(Modulus Control) Vou =46V lotm -1.5 mA
Low-level Output Current _
(Modulus Control) VoL =04V loLm 3.0 mA
fin = 8.0 MHz,
11.5 MHz X'tal used
between OSC;, and
Supply Current 0SCou-, Inputs are lobp 35 mA
at GND except f;,
Qutputs are open.
Max. Operation Freq. _
Reference Counter Voo =50V fmaxa 10 25 MHz
Max. Operation Freq. of
Binary 7-bit Swallow Counter
Vpp = 5.0V f, 17 2 MHz
and Binary 10-bit Programmable oo maxp 5
Counter
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PACKAGE DIMENSIONS
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FUJITSU

AN

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M02)

v
0 Y O i Y /‘fﬁ"mx

fO .244+.010 300 (7.62)TYP
&« (6.20:0.25)
IND
OLJJLIT I T T ’
770*:008 (1956+0.2) .010+.002
-.012 -03 (0.25+0.05)
+.012
.050(1.27)MAX 0399
*ILI:—— (0.99*0:3) —
7 .172(4.36)MAX
.118(3.0MIN
.100(2.54) v
Tvp .018+.,003
- (0.46+0.08)
060072 .020(0.51)MIN
- -0 Dimensions in

(1.52_*g~3) inches (millimeters)

©1986 FUJITSU LIMITEDD16022S-2C

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

J‘ 15° MAX

P

woexa. [0 1 1 1 1 ]

12442 010 300 (7 P
(6.20+0.25) e

INDEX-2 1
U 0 !

.010+.002

+.008 +0.2
770895 (19.56%02)— | (0.25+0.,05)
039+ 012
|=—.050(1.27)MAX (0 99+o LT I

7 172(4.36)MAX
118 (3.01 MIN
100(2 54)TYP Sl 003
+ 0.1
' :020(0.51IMIN Dimensions in

060+ 012
8 52*0 3) inches (millimeters)

©1986 FUJITSU LIMITED D16033S-2C
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PACKAGE DIMENSIONS

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

+.010

.085(2.15)MAX

1

.031£.008
(0.8:0.2)

©1986 FUJITSU LIMITED F16005S-3C

400 +.004
- -.008 .004
(10.15*0-25) et
1°-0.20 F10.178:1.)
(STAND OFF)
H H RH H H Detail of “A’" part
.008(0.20)
.307+.016
INDEX 2o ros04) 272:.012
(5.30.3) (6.90.3) / y
7.020(0.50)
.007(0.18)
H H H —H H H H — 1 020+.008 MAX
— j (05:0.2) 027(0.68)
.050(1.27) .006+'°°2 MAX
TYP .018+,004 _9%- 001
— (0.4520.1) (0157502

Dimensions in
inches (millimeters)

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully

checked and is believed to be entirely
responsibility is assumed for inaccuracies.

reliable. However, no
Furthermore, such in-

formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of
Fujitsu Limited or others. Fujitsu Limited reserves the right to

change device specifications.

FUJITSU LIMITED

Communications and Electronics

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211

International (Int’l Prefix) 81-3-216-3211 Telex: J22833 Cable: “FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semiconductors Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211
FUJITSU MICROELECTRONICS, INC.:
3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.
Phone: 408-727-1700 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:
Arabella Center 9, OG./A, Lyoner StraRBe 44-48 D-6000 Frankfurt 71, F.R. Germany
Phone: 069/66 320 Telex: 0411 963
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:
805 Tsim Sha Tsui Centre, West Wing 66, Kowloon, Hong Kong
Phone: 3-7320100 Telex: 31959 FUJIS HX

Telex: 2224361 FTTOR J

© 1986 FUJITSU LIMITED
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SYNTHESIZER

CMOS SERIAL INPUT PLL Frequency Synthesizer

The Fujitsu MB 87014 is a single-chip PLL frequency synthesizer including
an on-chip 180 MHz two-modulus prescaler.

MB 87014 contains a two-modulus prescaler, a crystal oscillation circuit, a
digital controlied reference frequency divider, a phase detector, charge pumps,
a 16-bit shift register, a 16-bit latch, a binary 6-bit swallow counter, a control
register and a binary 10-bit programmable counter.

® On-chip 180 MHz two modulus prescaler
® 16-bit Programmable Divider
(Binary 6-bit Swallow Counter plus Binary 10-bit Programmable Counter)
® 16-bit Programmable Reference Frequency Divider with Input Buffer
Amplifier
® Divide factor for Programmable Dividers is input as serial data with a
countrol bit
® 3 types of Phase Detector Outputs
Built-in Charge Pump Output for Active Low Pass Filter
Built-in Charge Pump Output for Passive Low Pass Filter
Output for External Charge Pump

Single Power Supply Voltage: +5V

Wide Operating Temperature Range: -30°C to +60°C

16-pin Standard Dual In-Line Package (DIP) and 16-pin Flat Package
Pulse Swallow Function:

fvco = [INg x M)+ A] x fy )y + Ng
fvco @ VCO (Voltage Controlled Oscillator) Output Frequency
Ng : Preset Divided Factor of Binary 10-bit Programmable Counter

(5 through 1023) : N should be greater than A.

M Preset Modulus Factor of two-modulus prescaler (64/65)
A Preset Divided Factor of Binary 6-bit Swallow Counter
(0 through 63)
fxin ¢ Output Frequency of an external oscillator
Ng . Preset Divided Factor of Binary 16-bit Programmable

Reference Frequency Divider
(5 through 65535)

CMOS PLL FREQUENCY

MB 87014

April 1987

Edition2.0

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

ABSOLUTE MAXIMUM RATINGS (Vgs = GND) st 1ehen
Rating Symbol Value Unit XOUTD 2 15[Jev
Power Supply Voltage Voo Vss-0.3 to Vgg +6.0 \ w13 14[INe
Input Voltage Vin Vgs-0.3 to Vpp+0.3 \% Voo []4 13[J¢s
TOP VIEW
Output Voltage VouT Vgs-0.3 to Vpp+0.3 v DOP q 5 12[]poa
Output Current lout *10 mA vss([]e 11 JLe
i i LD 10[ ] DATA
T ows0 | O =
P fin[]8 o[ Jcik
Storage Temperature Tste -40to +125 °c
Power Dissipation P 300 mW
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This device contains circuitry to protect the

RATINGS are exceeded. Functional 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.

2-21

inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB 87014 BLOCK DIAGRAM

| 16-bit Shift Register

16-bit Shift Register

h

:Ef.f1.‘,‘5.‘5.1111.’1’.’1’.‘.1’.fﬁl.'fﬂfﬁif,f

16-bit Latch

16-bit Latch

fiiiii‘:l:ii:t:t‘liiU:tiii.:i:lf_liit:'ff

Xoyt o

[———-OLD

i Prog. Ref. Freq. Divider :
[—iLBinary 16-bit Ref. Counter l :

ﬂl 6-bit Shift Register 10-bit Shift Register

‘:::&:_ﬂ::}::i':i[::::5:::::_%::_t:}::}::}::i::}::_#::i:ji::j;:E

16-bit Latch
: 6-bit Latch 10-bit Latch

""fiZHii?‘j.‘jiiiiiiiijjiiiiiiiﬁiii‘.i’.ﬁiiiiiifﬁ?ﬁiiiit’:jj_ﬁ

F——%r

Phase
Detector

]

L{ Charge DOP

Pump

: Amp. E 12 Programfnable DividerI %Zi:%e  boa
fin > Prescaler Binary 6-bit Binary 10-bit £
; LAM—] Swallow Counter Programmable Counter v
Gonvol
DATA o—Regi- 0 SO SO SRRROO:
PIN NAME TABLE
Pin No. 1/0 Pin Name Pin No. 1/0 Pin Name
1 | XiNn 9 | CLK
2 o XouTt 10 | DATA
3 (o] fv 1 | LE
4 - Vbop 12 (o] DOA
5 o DOP 13 [0} fr
6 — Vss 14 - NC
7 o LD 15 (0] (3%
8 | fin 16 (0] ¢R
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PIN DESCRIPTIONS
Pin No. Symbol Function
1 Xin Pin for Crystal Resonator; Input to the inverting amplifier that forms part of the oscillator.

This pin receives the oscillator signal as AC coupling when an external oscillator is used, but
for large amplitude signals (standard CMOS levels) DC coupling may also used.

2 XouTt Pin for Crystal Resonator; Output of the inverting amplifier. This pin should be open when
an external oscillator is used.

3 fy Monitor output of the phase comparator input; as well as monitoring the output of the pro-
grammable divider.

4 Vop Power Supply Voltage

5 DOP Three-state Charge Pump Output; The mode of DOP is changed by the combination of the
reference frequency divider output frequency fgr and the programmable divider output
frequency fy, as listed below:

fg >fy : Drive Mode (DOP = High)

fg = fy : High-impedance Mode

fg <fy : Sink Mode (DOP = Low)

6 Vss Ground

7 LD Output of Phase Comparator; LD is High when fg and fy, are coherent, that is, the loop is
locked. When the loop is not locked, a pulse signal is present at LD.

8 fin Input for the Two-Modulus Prescaler from VCO; The connection with VCO should be AC
connection. This input involves bias circuit and amplifier.

9 CLK Clock signal input for the 16-bit Shift Register and the Control Register; Each rising edge of

the clock makes one bit of the data shift into the shift register.

10 DATA Serial data input with pull-up register for the programmable divider and the programmable
reference frequency divider; This data is the divided factor of the divider, which is provided
by the corresponded shift register. The last bit of the data is the control bit which specified
destination shift register. The data is transferred to the 16-bit Shift Register when the bit is
at high level, and to the 6/10 bit Shift Register when at low level.

1 LE Load Enable Input; The contents of 6/10-bit Shift Register or 16-bit Shift Register are
transferred to 6/10-bit latch or 16-bit Latch when it is at high level.

12 DOA Three-state Charge Pump Output; The mode of DOA is changed by the combination of
reference frequency divider output frequency fg and the programmable divider output
frequency fy, as listed below:

fgr >fy : Sink Mode (DOA = Low)

fr = fy : High-Impedance Mode

fg <fy : Drive Mode (DOA = High)

13 fr Monitor output of the phase comparator input; as well as monitoring the output of the
reference frequency divider.

14 NC Non connection.

15 oy Outputs for external charge pump.

16 R R v
fr>fy @ Low High
fr =fy : High High
fr <fy : High Low

2-23
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Power Supply Voltage (Vgg = 0V) Vob 4.0105.5 \%
Input Voltage Vin GND to Vpp \%
Operating Ambient Temperature Ta -30 to 60 °c
ELECTRICAL CHARACTERISTICS (Vgs = GND, Vpp =5.0 V, T =-30°C to +60°C)
s Value .
Parameter Condition Symbol Vi Typ Viax Unit
High-level Input Voltage
except f and Xy Vin 35 v
Low-level Input Voltage
except fy and Xy Vie 1.5 v
- Amplitude in AC
Input Sensitivity (fy) coupling, sine wave Viop 1.0 Vop
- Amplitude in AC
Input Sensitivity (X;y) coupling, sine wave Vein 1.0 Vop
High-level Input Current -
except fy and Xy Vi = Voo him 10 HA
Low-level Input Current - _
except fy and Xy Vi = Vs i 1.0 A
Input Current (f;y) V, = Vgg thru Vpp lein +50 MA
Input Current (X;y) V, = Vss thru Vpp Ixin +50 uA
High-level Output _
Voltage except Xoyt low = O uA Vow 4.95 v
Low-level Qutput _
Voltage except Xout loL =0uA Vou 0.05 v
I;:?S:rlevel Output Current except Vou = 4.6V lon -1.0 mA
)L(t;v:—TleveI Output Current except VoL = 0.4V loL 1.0 mA
fin = 180 MHz,
22 MHz X'tal used
between X,y and
I IN
Supply Current Xouy, Inputs are lbp 8.0 mA
at Vgg except fy
Outputs are open.
Max. Operation Freq. for f;y, -
Two-Modulus Prescaler Vop =50V Fmaxps 180 250 MHz
Max. Operation Freq. for Xy,
Binary 16-bit Reference Freq. Vpp =4.0V fmaxc 15 22
Counter, Binary 6-bit Swallow MHz
Counter and Binary 10-bit Vpp =50V 22 25
Programmable Counter
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Fig. 2 —MB 87014 INPUT DATA FORMAT
C [S |S2|S3|Sa|Ss TSG Sy ] Sg [ Sy | S10 l S11 I Sq2 1313 S1a | S15 | Sie
LS8 MSB
Contro! Divided factor of Binary 6-bit Divided factor of Binary 10-bit
bit Swallow Counter Programmable Counter
Divided factor of Binary 16-bit Programmable Reference Counter
Binary 6-bit Swallow Counter Data Input
Divided Digit No.
factor 4 3 2 1
0 0 0 0 0 0 0
1 0 0 0 0 0 1
Note: Divided factor: 0 to 63
Binary 10-bit Programmable Data Input
Divided Digit No.
factor 16 |15 |14 |13 |12 |11 |10]9 |8 |7
5 0 0 0 0 0 0 0 0 1
6 0 0 0 0 0 0 0 1 1 0
Note: Divided factor less than 4 is prohibited.
Divided factor: 5 to 1023
Binary 16-bit Counter Programmable Reference Data Input
Divided Digit No.
factor 16 |15 114 |13 (12 [ 11 [ 10 { 9 8 7 6 5 4 3 1
5 0 0 0 0 [¢] 0 0 0 0 0 0 0 0 1 1
6 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Note: Divided factor less than 4 is prohibited.
Divided factor: 5 to 65535



(I
FUJITSU

[

MB 87014

Fig. 3 — SERIAL DATE INPUT TIMING

ot , .., t ;1;15

DATA S16 = MSB S15 S8 )( s7 S2 S1 Control bit
CLK f I f I f | f | f
LE '
e o - N
t, t, t, 1,
Note 1: CLK: Input of 16-bit Shift Register and the Control Register; Data is obtained at the edge of Clock.
DATA: Serial Data Input of 16-bit Shift Register and the Control Register; Serial data is input from this terminal.
LE: Load Enable Input. The contents of 6/10-bit Shift Register or 16-bit Shift Register are transferred to 6/10-
bit Latch or 16-bit Latch when it is at high-level. The value of the contents is the divided ratio of the
programmable divider.
Fig. 4 — PHASE DETECTOR OUTPUT WAVEFORM
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PACKAGE DIMENSIONS

R
FUJITSU

MB 87014 il

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

AN W o W W W e

INDEX-2

N N L

+.008 +0.2
770757, (19.857 -2 ) ———

244+ 010
(6.20+0.25)

'

.100(2.54)

TYP .060+'0012
+0.3
(1.52_0 )

© FUJITSU LIMITED 1986 D16033S-2C

039" 212
0
l=-.050(1.27)MAX (0.99703)
/ N
i 172(4.36)MAX
118(3.0)MIN

(0.46+0.08)

——l 018,003 .020(0.51)MIN

i)
f

.300 (7.62) TYP
=

.010+.002
(0.25+0.05)

15° MAX

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

+.010

la—— 400 508 — = 004”302
+0.25
(10.15+9:2%) (0.17306)
(STAND OFF)
H H H H H H H Detail of “A’* part
— n ,008(0.20)
307:.016
INDEX oo (()71.;3:0.4) 272:.012
5.3:0.3) 6.9:03) I
‘ 1020(0.50)
_loori0.18)
H H H H H H .020+.008 MAX
S I (0.5+0.2) 027(0.68)
00+002 MAX
0504127 ! 018+.004 6,,0"3;
(0.45:0.1) (0152002

085(2.15)MAX

.031+.008
(0.8+0.2)

Dimensions in
©FUJITSU LIMITED 1986 F160055-3C inches (millimeters)

Circuit diagrams utilizing Fujitsu products are included as a
means of illustrating typical semiconductor applications; con-
sequently, complete information sufficient for construction pur-
poses is not necessarily given. The information has been carefully
checked and is believed to be entirely reliable. However, no
responsibility is assumed for inaccuracies. Furthermore, such in-
formation does not convey to the purchaser of the semiconductor
devices described herein any license under the patent rights of

F”J’TS” L’M’TE" Fujitsu Limited or others. Fujitsu Limited reserves the right to

s and Electronics change device specifications.

6-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Jap:
Phone National (03) 216-3211 International {Int’l Preflx) 81-3-216-3211 Telex: J22833 Cable: “FUJITSULIMITED TOKYO"

For further information please contact:
FUJITSU LIMITED
Semi J Marketing: Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan

Phone: National (03) 216-3211 International (Int’l Prefix) 81-3-216-3211 Telex: 2224361FT TOR J
FUJITSU MICROELECTRONICS, INC.:

3320 Scott Blvd., Santa Clara, CA95054-3197, U.S.A.

Phone: 408-562-1000 Telex: 910-338-0190 FUJITSU SNTA
FUJITSU MIKROELEKTRONIK GmbH.:

Arabella Center 9, OG./A, Lyoner StraRe 44-48 D-6000 Frankfurt 71, F.R. Germany

Phone: 69-66-320 Telex: 411963 FMG D
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED:

805 Tsim Sha Tsui Centre, West Wing 66, Kowloon, Hong Kong

Phone: 3-732 0100 Telex: 31959 FUJIS HX

©FUJITSU LIMITED 1987 Printed in japan OV2269-874C2
2-28



(S

FUJITSU BY( LG ESrASS

SYSTEM BLOCK
SN

CMOS SERIAL INPUT Phase-Locked-Loop (PLL) FREQUENCY

SYNTHESIZER SYSTEM BLOCK

The Fujitsu MB87073 is designed for the PLL Frequency Synthesizer with
the MB501 Dual Modulus Prescaler. The MB87073 contains a Crystal Oscillator
Circuit, a Digital Controlled Reference Frequency Divider, a Phase Detector,

a Charge Pump, 18-bit Shift Register, 18-bit Latch, Binary 7-bit Swallow
Counter, Binary 11-bit Programmable Counter, and control circuit for the
prescaler.

e Power Supply Voltage: 2.7 to 5.5V

® Wide Operation Temperature Range: —40 to +85°C

® Inverter for oscillator

® 18-bit Programmable Divider with input Buffer Amplifier

Binary 7-bit Swallow Counter plus Binary 11-bit Programmable Counter
11-bit Programmable Reference Divider with control circuit
8 divided factors for reference frequency selected by external input Sy thru

S3
8, 16, 64, 128, 256, 512, 1024, 2048
Divided factor for Programmable Dividers is input as serial data bit
2 types of Phase Detector Output
Built-in Charge Pump Output
Output for External Charge Pump
Easy to make up PLL system with Dual Modulous Prescaler |Cs MB 50X
16-pin Standard Dual-in-line Package (DIP) and 16-pin Flat Package.
Pulse Swallow Function
fvco = [INx M) +A] x f,
fyco @ VCO (Voltage Controlled Oscillator) Output Frequency
N : Preset Divided Factor of Binary 11-bit Programmable Counter
(16 through 2047) : N should be greater than A.

M : Preset Modulus Factor of external two modulus prescaler
(64 in 64/65 mode, 128 in 128/129 mode)

A : Preset Divided Factor of Binary Swallow Counter
(0 through 127)

fr . Output Frequency of Reference Frequency Divider

ABSOLUTE MAXIMUM RATINGS (See Note)

CMOS PLL FREQUENCY

Rating Symbol Value Unit
Power Supply Voltage Voo GND-0.5 to GND+7.0 \Y)
Input Voltage A GND-0.5to Vpp+0.5 \%
Output Voltage Vo GND-0.5to Vpp+0.5 \%
Output Current lo +10 mA
Open-drain Output Voor GND-0.5to Vpp+3.0 \
e RTE
Storage Temperature Tsta ~-65 to +150 °c
Power Dissipation Po 300 mwW

MB87073

October 1987
Edition 1.0

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

/

VDDD1 16[JVss
CKEQ 153X1
sids 12[0%,

stal{a TOP VIEW 13018,
fin[]5 12[s,
me 11[s,
Lo[]7 10 :]d:P
po[]s 9[JeR

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM

RATINGS are exceeded. Functional 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.

2-29

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB87073 BLOCK DIAGRAM

Sz o— Divider Control Circuit
"""" G ST o
Osc ceeemt LLLLLL L LY
X1 M&—\— Reference Freq. Divider
: ! f
& 1 Binary 11-bit Divider | ! Lo R

Phase
Detector
— —o0 ¢P

18-bit Shift Register

CK,  E— — ;
s o 1 7-bit Shift Register Jl 11-bit Shift Register Ji I

SRR AR RS s AR R R R RRLE

18-bit Latch
sTB o f 7-bit Latch 11-bit Latch { Charge }———o DO
L - Pump
" Programmable Divider
hd 1
fin Binary 7-bit Binary 11-bit —
Swallow Counter Programmable Counter
| Control Circuit I
oM
PIN NAME TABLE
Pin No. 1/0 Pin Name Pin No. 1/0 Pin Name
1 - Voo 9 (0] ¢R
2 | CK 10 (6] P
3 | St " | S
4 | STB 12 | S,
5 | fin 13 1 Sz
6 o M 14 (e} Xz
7 [0} LD 15 | X4
8 6] DO 16 - Vss
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Pin No. Symbol Function

1 Vob Power Supply Voltage

2 CK Clock signal input for 18-bit Shift Register. Serial input is valid at the rising edge of CK.

3 Sl Serial Data Input for 18-bit Shift Register. See SERIAL DATA INPUT FOR PROGRAM-
MABLE DIVIDER.

4 STB Strobe signal input for transfer the data of 18-bit Shift Register to 18-bit Latch. The opera-
tion is executed when STB is at High level.

5 fin Input for Binary 7-bit Swallow Counter and Binary 11-bit Programmable Counter. This input
involves bias circuit and amplifier. The connection with Dual Modulus Prescaler should be AC
connection.

6 M Control output for Dual Modulus Prescaler. The connection with the prescaler should be DC
connection.

Pulse Swallow Function:
MB 501: M = High : Preset Module Factor 64 or 128
M = Low : Preset Module Factor 65 or 129

7 LD Output of Phase Comparator; It is at High level when f, and f, are coherent, and then the
loop is locked. Otherwise it outputs pulse signal.

8 DO Three-state Charge Pump Output; The mode of DO is changed by the combination of Refer- E
ence Freq. Divider output frequency f, and Programmable Divider output frequency f; as
listed below:

f, > f, : Drive Mode (DO = High)
f, = f5 : High-Impedance Mode
f, < fy : Sink Mode (DO = Low)
9 ¢R Outputs for external charge pump. Note that ¢P is an N-ch open-drain output.
10 P #R oP
fo > fo @ Low : Low
f, = fy : Low : High-Impedance
fo < fo : High : High-Impedance
11 S, Control Inputs for Reference Frequency Divider. The combination of these inputs provides
12 S, divided factor to Reference Frequency Divider.
13 Sa Divided Factor 8 16 64 128 256 512 1024 2048
S 0 1 0 1 0 1 0 1
S, 0 0 1 1 0 0 1 1
S3 [¢] 0 0 0 1 1 1 1
14 Xo Pin for Crystal Oscillator; Output pin of the inverting amplifier. This pin should be open when
an external oscillator is used.
15 X4 Pin for Crystal Oscillator; Input pin of the inverting amplifier that forms part of the oscillator.
This pin receives the oscillator signal as AC coupling when an external oscillator is used, but
“for large amplitude signals (standard CMOS levels), DC coupling may also be used.
16 Vss Ground
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Power Supply Voltage (Vgg = 0V) Voo 2.7t05.5 \
Input Voltage vV, GND to Vpp \
Operating Ambient Temperature Ta -40 to +85 °c

ELECTRICAL CHARACTERISTICS (v, -5.0v, T4 - -40 10 +85°)

. Value
Parameter Conditions Symbol - Unit
Min Typ Max
High-level Input Voltage All inputs except fi Vin 35 - - v
and X,
All inputs except iy
Low-level Input Voltage and X Vi — — 1.5 Vv
Input Sensitivity of f;y Sine wave AC coupling Viop 1.0 — — Vp-p
Input Sensitivity of X4 Sine wave AC coupling Vsin 1.5 - - Vp-p
All inputs except
High-level Input Current fin and X4 [’ - 1.0 — MA
Vi = Vpp
All inputs except
Low:-level Input Current fin and X Iy — -1.0 - HA
Vi = GND
input Current of fy V; = GND to Vgp [PV — +50 - RA
Input Current of X, V, = GND to Vpp Ix1 — +50 - MA
All outputs except
High-level Output Voltage @P and X, Vou 4.95 — — \
lon = OMA
All outputs except
Low-level Output Voltage @P and X, VoL - - 0.05 \
loL = OuA
Low-level Output Voltage of ¢P loL = 2mA Vorp - - 1.0 \%
High-level Output Voltage of Xp lon = OuA Vonx 4.50 - - \%
Low-level Output Voltage of Xz loL = OMA Vorx - - 0.50 \
All outputs except
High-level Output Current @P and X, lon ~1.0 - - mA
Vou =4.0V
All outputs except
Low-level Output Current ¢P and X, loL 1.0 - - mA
VoL = 0.8V
N-ch. Open Drain Cut-off ¢P only i _ 1.0 _ A
Current Vg =Vpp +3.0V " OFF ’ u
Power Supply Current See Note * oo — 3.0 - mA
Maximum Operation Frequency B:z:g:g Unit: Ref. Freq. fmaxd 15 25 MHz
Maximum Operation Frequency Eroougr.‘t(é?unter 7/11 bit fmaxp 13 25 MHz

2-32

Note *: f; = 5.0 MHz using 12.8 MHz X'tal. All inputs except f;y are connected with GND. All outputs are open.




ELECTRICAL CHARACTERISTICS v, -30v, 7, - -
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40 to +85°C)

Value
Parameter Conditions Symbol Unit
Min Typ Max
. All inputs except fy -~

High-level Input Voltage and X, ViH 2.1 - \%
All inputs except f

Low-level Input Voltage and X’i Pthin Vi — - 0.9 Vv

Input Sensitivity of fi Sine wave AC coupling Viop 0.8 - — Vp-p

Input Sensitivity of X, Sine wave AC coupling Vsin 1.0 — — Vp-p
All inputs except '

High-level Input Current fin and X4 Ly - 1.0 - HA
Vi = Vpp
All inputs except

Low-level Input Current fin and X4 I - -1.0 — Ha
V, = GND

Input Current of fy V, = GND to Vpp lan - +30 - uA

Input Current of X, V, = GND to Vpp Ix1 - +30 — MA
All outputs except

High-level Output Voltage @P and X Vou 2.95 - — \%
lon = OuA
All outputs except

Low-level Output Voltage @P and Xo VoL — - 0.05 \%
loL = OuA

Low-level Output Voltage of ¢P loL = 0.8mA Vorp - - 0.8 \Y

High-level Output Voltage of Xy lon = OpA Vonx 25 - — \

Low-level Output Voltage of X, loL = OuA VoLx — — 0.50 \
All outputs except

High-level Output Current @P and Xo lon -0.5 — — mA
VOH =2.0vV
All outputs except

Low-level Output Current ¢P and Xy loL 0.5 - - mA
VoL = 0.8V

N-ch. Open Drain Cut-off ¢P only | _ 1.0 _ A

Current Vo = Vpp + 3.0V OFF ’ u

Power Supply Current See Note * lop - 2.0 — mA

Maximum Operation Frequency g!v!der Unit: Ref. Freq. fmaxd 13 20 . MHz

ivider
. . Prog. Counter 7/11 bit
Maximum Operation Frequency Counter fmaxp 10 20 MHz

Note *: f;y = 5.0 MHz using 12.8 MHz X'tal. All inputs except f;y are connected with GND. All outputs are open.
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SERIAL DATA INPUT FOR PROGRAMMABLE DIVIDER

The Divided factor of the programmable divder is provided by the 18-bit latch. The data of the latch is transferred from the
18-bit shift register at the rising edge of strobe signal STB. The shift register has a serial input with clock input. A divided
factor is input from MSB as illustrated in TIMING CHART.

Fig. 2 — Block Diagram of Programmable Divider

r--—————7"T"—""""""""""""7""7"\"&-"—\/7""/"/-\¥/¥"/""///- /- /-~ m

{ LSB MSB |

: "& @—1 18-bit {
SO O|O|®|®|®|O[1®|e|(0|0|O|B|@|G|G|D|@ | s :
CK = — Register (
! |

| T T D R o
| S S T SR A TR N T T N R T |

! |

'] S4| S2|S3|SaSs|Se| Sy Sg | So |S10[ S11[S12]S13|S14] 815 | S16| S17|S18 |

| 18-bit Latch |
STB = = i
' |

| I |
| S S S T S T T T SR TN TN R T - |

' |

' I

| Binary 7-bit Swallow Counter Binary 11-bit Programmable Counter PDrigigdr::nmable |

! |

' |

' |

Timing Chart

ot1,-<~»,t521us

S| S,g =MSB )K S17 XS"; Sg )K Sy S3 S, S, =LSB

. _gﬂrﬂ_ﬂ____ﬂj_\___.lﬂf |
1k R L




Binary 7-bit Swallow Counter Data Input
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Digit No.
— 7 6 5 4 3 2 1 Note:
Divided Factor @ Divided Factor: 0 thru 127
0 0 0 0 0 0 0 0 ® Depending the external prescaler’s Divided Factor Swap,
1 0 0 0 Q 0] 0 1 .
SW, the input data should be as follow:
2 0 0 0 0 0 1 0 X
3 0 0 0 0 1 1 MB 501:
4 8 o 0 o 1 0 0 «SW = ""H"": Bit 7 of the shift register should be */0.”"
N i K X K . +SW="L":Bit7is 0" or "“1.”
Binary 11-bit Programmable Data Input
Digit No.
- 18 17 16 15 14 13 12 11 10 9 8
Divided Factor
16 0 0 0 0 0 0 1 0 0 o] 0
17 0 0 0 0 0 0 1 0 0 0 1
18 0 0 0 0 0 0 1 0 0 1 0
19 0 0 0 ] o] o] 1 0 0 1 1
20 0 0 0 0 0 0 1 0 1 0 0

Note: Divided factor less than 16 is prohibited.

Divided factor: 16 thru 2047
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

(CASE No. : DIP-16P-M04)

woex [0 1 1 1 M 1]

.244:.010
(6.20+0.25)

l

INDEX-2

012

B N N

770%-098 (19.558:2)—

039
10.99%93)™]

+.012
-0

—l/ l=-—.050(1.27)MAX

.100(2.54)TYP

L +0.3
(1.52_0 )

© FUJITSU LIMITED 1986 D16033S-2C

012
060§

7 .172(4 36)MAX

.118 (3.0) MIN

——l .018+.003

(0.46:0.08)  150(0.51)MIN

s

e

15° MAX

f

.300 (

|

7.62) TYP

.010+.002
(0.25£0.05)

Dimensions in

inches

(millimeters)




PACKAGE DIMENSIONS

MB87073

[
FUJITSU

A

+.010

4400 " g0g

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

+0.25
(10.1579:2%)

AAAAAARH

INDEX

.307£.016

(7.8:0.4)
.209£.012
(5.3:0.3)

R

7

.050(1.27)
TYP

!
BEEE

.018+.004

(0.45+0.1)

.031+.008
(0.8+0.2)

© FUJITSU LIMITED 1986 F16005S-3C

.00a*903

+0.1
(0.170‘05)

(STAND OFF)

.272+.012
(6.9+0.3)

————1..020+.008
T (0.5:0.2)

+.002
"~ (0.15%0.95,

.006 507
0.02

.085(2.15)MA X

Detail of "A"* part

z‘_— 008(0.20)
S

i
! .020(0.50)

.007(0.18)
MAX

027(0.68)

MAX

-

Dimensions in
inches (millimeters)

The information contained in this document does not convey any

license under copyrights, patent rights, software rights or trademarks
claimed by Fujitsu. Circuit diagrams utilizing Fujitsu products are
included as a means of illustrating typical applications. Complete
information sufficient for construction purposes is not necessarily

given. The information contained in this document has been carefully-
checked and is believed to be reliable. However, Fujitsu assumes no
responsibility for inaccuracies. Fujitsu reserves the right to change

products or specifications without notice.
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g MB87076
FUJITSU
L INTERMITTENT OPERATING CMOS SERIAL INPUT

Phase-Locked-Loop (PLL) FREQUENCY SYNTHESIZER

The Fujitsu MB87076 is a intermittent operating serial
input PLL frequency synthesizer fabricated Advanced

CMOS Technology.

The MB87076 contains inverter for Oscillator, 14-bit Shift
Register, 18-bit Shift Register, 1-bit Control Register,
14-bit Latch, 18-bit Latch, Programmable Divider (Binary
11-bit Programmable Counter and Binary 7-bit Swallow
Counter), Programmable Reference Divider (Binary 14-bit
Programmable Reference Counter), Phase Detector, Charge
Pump, Control Generator for External Two Modulus Prescaler
and Intermittent Operating Controller.

The MB87076 has a selection of either operation mode or
power down mode depending on PS input signal level.
Whenever device starts operation, fr and fv are forced

to phase synchronizm condition.

Single Power Supply Voltage
Wide Operation Temperature Range
On-chip Inverter for Oscillator
Programmable Reference Divider with Input Amplifier
Programmable Divider with Input Amplifier
2 Types of Phase Detector Output

On-chip Charge Pump Output

Output for External Charge Pump
16-pin Standard Dual-in-line Package (Suffix:-P)
16-pin Standard Flat Package (Suffix:-PF)
» Pulse Swallow Function
fyvco = { (N x M) + A} x fOSC + R
fyco : VCO (Voltage Controlled Oscillator)

Output Frequency

: Ty = 40 to 85 °C

N : Preset Divide Factor of Binary 1l-bit Programmable
Counter (16 to 2047)
M : Preset Modulus Factor of External Two Modulus

Prescaler (64 in 64/65 mode, 128 in 128/129 mode)
A : Preset Divide Factor of Binary 7-bit Swallow
Counter (0 to 127)
fOSC : Output Frequecny of an External Oscillator
: Preset Divide Factor of Binary l4-bit Programmable
Reference Counter (8 to 16383)

ABSOLUTE MAXIMUM RATING (See NOTE)

T5588-A883
March 1988

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE.
FPT-16P-M02

Rating Symbol Value Unit

Power Supply Voltage Voo Vss-0.5 to Vgs+7.0 v

PIN ASSIGNMENT

A4

oscin [ |1 16 Jer

oscout_|2 15[ Jev

e [ 1w | Jps

vop [ 3 Jer

b0 5™ V', ap

vss [ |6 1 [Jue
w 7 10 [ Jpata
tin (|8 9 [ Jcrock

Input Voltage VIN Vgs-0.5 to Vpp+0.3 v
Output Voltage Vout | Vss=0.5 to Vpp+0.3 v
Output Current Tout + 10 mA
Open Drain Output Vop Vss-0.5 to Vpp+3.0 )
Operating Temperature | Tp -40 to +85 °C
Storate Temperature TsTg -40 to +125 °c
Power Dissipation Pp 300 mW

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
periods may affect device reliability. circuit.

2-39




MB87076 BLOCK DIAGRAM

MB3T0T6 CMOS SBRIAL INPUT INTERMITTENT OPERATING

14-bit Shift Register

PLL FREQUENCY SYNTHESIZERS
SRR RE -
LB U (]
(13 >o-
14-bit Latch Lock Lo
T i
0SCin Crystal
- Oscillator|
——
Power Binary 14-bit [
Down Prog. Counter ®
0SCout Circuit Phase
2 Detector
(3]
P f (]
@ i 18-bit Shift Register
: 7-bit Shift H1 11-bit Shift
5 Register = Register
} , l I l } ' ...... l ! l I I | I ” I I Do
. Charge ®
i 18-bit Latch Punmp
fin *— I it lewen H b
®— AWP : atc ] 11-bit Latch
.Programmable Divider
Control f ] l&;
Data Register Binary 7-bit Binary 11-bit =
o 1-bit Swallow Counter Prog. Counter
Latch
Control Circuit
Clock :)
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PIN NAME TABLE

Pin No. 1/0 Pin Name Pin No. 1/0 Pin Name

1 IN 0SCin 16 ouT $R

2 ouT 0SCout 15 ouT ov

3 ouT LC 14 IN PS

4 . Vop 13 ouT fr

5 ouT Do 12 ouT M

6 L Vss 11 IN LE

7 ouT LD 10 IN Data

8 IN fin 9 IN Clock

PIN DESCRIPTION
Pin No. Symbol Description

1 0SCin Pin for Crystal Oscillator; Input to the inverting amplifier
that forms part of the oscillator. This pin receives the
oscillator signal as AC coupling when an external oscillator
is used, but for large amplitude signals (standard CMOS
levels) DC coupling may also used.

2 0SCout Pin for Crystal Oscillator; Output of the inverting amplifier.
This pin should be connected to ground when an external
oscillator is used.

3 LC Output pin for Loop Control Signal; It is at high level, when
operation mode is selected. It is at low level, when power down
mode is selected.

4 Voo Power Supply Voltage
5 Do Three-state Charge Pump Output; The mode of Do is changed by

the combination of Programmable Reference Divider output frequency
fr and Programmable Divider output frequency fv as listed below:

fr > fv  : Drive Mode (Do = H level)

fr = fv  : High-Impedance Mode (Do = Z level)

fr < fv  : Sink Mode (Do = L level)
6 Vss Ground



PIN DESCRIPTION (Continued)

Pin No.
7

10

11

12

13

14

15
16

Symbol
LD

fin

Clock

Data

LE

fr

PS

sy
R

Description

Output of Phase Comparator; It is at Low level when fr and
fv are coherent, and then the loop is locked. Otherwise it
outputs high Tlevel.

Input for Binary 7-bit Swallow Counter and Binaray 10-bit
Programmable Counter from VCO; This input involves bias circuit
and amplifier. The connection with Dual Modulus Prescaler
should be AC connection.

Clock signal input for 18-bit Shift Register and 14-bit Shift
Register; Each rising edge of the clock makes one bit of the
data shift into the shift registers.

Serial data input for Shift Registers.

This data is the divide ratio of the divider, which is

provided from the corresponded shift register. The last bit of
the data is the control bit which specified destination of

shift register. The data is transferred to 14-bit Shift Register
when the bit is at high level, and to 18-bit Shift Register when
at Tow level.

Load Enable Input; When this pin is at high level, the data
latches from Shift Register is transferred to Programmable

Reference Divider or Programmable Divider depending on the

control bit data.

Control output for external Dual Modulus Prescraler.
The connection should be DC connection.

Pulse Swallow Function :

MB501: M
M

High : Preset Module Factor 64 or 128
Low : Preset Module Factor 65 or 129

Monitor output of the phase comparator input; as well as
monitoring the output of the reference divider.

Power down control input; When this pin is at High level,
operation mode is selected. When this pin is at Low level,
power down mode is selected.

Output for external charge pump.

¢R v
fr>fv : Low Low
fr=fv : Low High-impedance

fr < fv : High High—impedance



FUNCTIONAL BESCRIPTIONS
Serial Data input for Programmable Divider

Binary serial data is input to Data pin. Each rising edge of clock makes one bit of
the data shift into the shift registers and control register. Input data consists of
18-bit data and 1-bit of control bit data. In this case, control bit is set at

Tow level. S7 to Sy selectes the divide ratio of 7-bit swallow counter and

Sg to Sig selects the divide ratio of 11 bit programmable counter.

The data format is shown below.
Control bit

Ls8 MSB
¢ b

C|S1|S2|5S3|54|Ss5|Se|S7|S8|S9|S10{S11|512|5S13|S14|S15|516|517|518

<— 7-bit swallow counter —><——11-bit programmable counter ———— >

7-bit Swallow Counter Data Input

Divide Digit No.

factor | S7 [Se [S5 | Sa [S3|S2|S1
0 ojofofofo0foO]oO
1 0jo0j0|10|]0j0]1

Note: Divide factor : 0 to 127

11-bit Programmable Divider Bata Input

Divide Digit No

factor | 518|517(516(515(514(513(S12|S11{S10|S9 |S8
16 ojojofojojoj1]|ofo|o]|oO
17 ojofojoflojo|1|o|0o]|O0]1

Note: Divide factor less than 16 is prohibited.
Divide factor : 16 to 2047



FUNCTIONAL DESCRIPTIONS (Continued)

Serial Data input for Programmable Reference Divider

Binary serial data is input to Data pin. Each rising edge of clock makes one bit of
the data shift into the shift registers and control register. Input data consists of

14-bit data and 1-bit of control bit data. In this case, control bit is set at
high level.

The data format is shown below.
Control bit
l LSB MSB

v b

C|S1|S2|53|S4{S5|S6|S7|Ss|Sg|S10/S11|S12(513|514

l«—— 14-bit Programmable Reference Counter —_—

14-bit Programmable Divider Data Input

Divide igit Neo
factor S14|513|S12|S11|S10| S9| Sg| S7| Se| S5| Sa | S3|S2|S1

8 0 o(fofojofojo0ojo0o;0(f(0]1
9 0 ojojofojojofojojoj|1

. e OO
« OO
R

Note: Divide factor less than 8 is prohibited.
Divide factor : 8 to 16383

Fig.2 - SERIAL DATA INPUT TIMING

@tl~t5214uS

pata 818=H587<Sl1 s10 >< 59 52 M
#(S14) (s13) (s8) | (1 (522 (S (Control bit)
—
Clock l i l l | ‘ ' | l
LE
- - - — b — td
t! t2 t3 t5

Note : * Input data of programmable reference divider
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Fig.3 - PHASE DETECTOR WAVEFORM
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%3 LD is set at High level when frfv. (Unlock condition)
LD is set at Low level when fr=fv. (Lock condition)



INTERMITTENT OPERATIONAL DESCRIPTIONS

The MB87076 has Intermittent operation function which selects operation mode or
power down mode depending on PS input signal level.

When PS is set at low level, power down mode is selected. During power down mode,
internal dividers stop operation. Thus, very low power supply consumption is
achieved and LC is set at Low level.

Then the PS level becomes High level with the frequency of VCO as nearly the
same as that under the condition of phase lock.

When PS is set at High level, the following sequence steps are taken.

1) Programmable divider starts operation

2) fv is output with some dealy

3) Programmable reference divider starts operation when it receives fv.

4) fr is output

5) LC is forced to set at High level (Normal operation mode is selected)

As the fr outputs immediately after the fv outputs, and goes into the phase

detector, the phase lock condition can be obtained just after the first

clock.
When PS is set at Low level again, internal dividers stop operation.
Then internal condition turnes to be reset.

Fig.4 — INTERMITTENT OPERATION MODE

-
AU

:

Power down mode — - gperation mode—————————— Power down mode




RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Value Unit
Min Typ Max

Power Supply Voltage Vpp 2.7 5.0 5.5 v

Input Voltage VIN Vss Vpp v

Operating Temperature TaA -40 +85 °c




ELECTRICAL CHARACTERISTICS

(Vsg =0V, Vpp = 5.0 V, Tp= -40 to 85 °C)

of Programmable Counter

Parameter Symbo1l Condition Value Unit
Min Typ | Max
High-level Input Voltage VIH 3.5 v
except fin and 0SCin
Low-level Input Voltage VIL 1.5 v
except fin and O0SCin
Input Sensitivity (fin) Vepp |Amplitude in AC 0.8 Vp_p
coupling,sine wave

Input Sensitivity (0SCin) Vsin 1.0 Vp-p
High-level Input Current Ity VIN=VDD 1.0 HA
except fin and 0SCin
Low-level Input Current ITL VIN=Vss -1.0 HA
except fin and 0SCin
Input Current (fin) IfIN |VIN=Vss to Vpp £50 pA
Input Current (0SCin) IxiN |VINSVss to Vpp +50 HA
High-level Output VoH IgH=0pA 4.95 v
Voltage except ¢V and 0SCout
Low-level Output VoL IgL=0pA 0.05 v
Voltage except ¢V and OSCout
Low-level Output Voltage (&V) Vorv |IgL=1mA 0.50 v
High-level Output Voltage (0SCout)|Voyx |IgH=OuA 4.50 Vv
Low-Tlevel Output Voltage (0SCout) |VgoLx |[IpL=0wA 0.50 v
High-level Output Ioy Vou=4.0V -1.0 mA
Current except ¢V and 0SCout
Low-level Output IoL VoL=0.8V 1.0 mA
Current except ¢V and 0SCout
N-ch open drain Cut Off Ipz Vg=Vpp+3.0V 1.0 HA
Current

* Ippop |Operation mode 3.0 mA
Power Supply Current

Ippps |Power down mode 100 vA

Max. Operation Freq. fmaxd 15 25 MHz
of Programmable
Reference Counter
Max. Operation Freq. fmaxp 10 25 MHz

Note:

fin=8.0MHz, 11.5MHz Crystal is connected between 0SCin and OSCout. PS is set
at high level, the other inputs are set at low levei. Output are open.
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PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

moexq. [0 (1 0 0 (M ()
.244:.010
(6.2020.25)
—1
INDEX-2
B RPIRY IRV
770%-002 (19.55*0-2) —————

039212
|=-.050(1.27)MAX W ~
v ]__l 172(4.36)MAX
.118(3.00MIN
,102%54) [ —|[-0182003 s capmin

+.012 (0.46:0.08)
.060* £

+0.3
1152723)

® FUJITSU LIMITED 1986 D16033S-2C

15° MAX

62) TYP

.010£.002
(0.25+0.05) .

Dimensions in
inches (millimeters)

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

+.010

e oot 808

(10.15*0-2%) oo

-o.20 10,1721
H H H H H H (STAND OFF}

.307:.016 ]

JDEX 208 012 i 272:.012

5.3:0.3) 16.9:0.3)
dHEEHEH 205,008
) 10.520.2)
050(1.27) I sou 02
TYP .018£,004 ] X -403;
T T Tloaszom 10.15%0.05,

-0.02

085(2.15)MAX

.031:.008
{0.8:0.2)

©FUJITSU LIMITED 1986 F16005S-3C

Detail of A" part

.008(0.20)

7.020(0.50)

.007(0.18)
MAX
.027(0.68)
MAX

Dimensions in
inches (millimeters)







]
v MB87086

MR (v05 SERIAL INPUT Phase-Locked-Loop (PLL)
FREQUENCY SYNTHESIZER T5583-A87Z
December 1987

The Fujitsu MB87086 is a serial input PLL frequency
synthesizer IC fabricated by Advanced CMOS Technology.

The MB87086 contains inverter for Oscillator, Binary 16-bit
Programmable Reference Divider, Binary 10-bit Programmable
Divider, Phase Detector, Charge pump, 16-bit Shift Register,
10-bit Shift Register, Control Register, 16-bit Latch and
10-bit Latch.

The MB87086 can make up PLL synthesizer which works up to
fin of 130 MHz typ.

« Single Power Supply Voltage

o Wide Operation Temperature Range : -30 to 60 °C

e On-chip Inverter for Oscillator PLASTIC PACKAGE

DIP-16P-M04.

e Serial Data Input for programmable reference divider and
programmable divider is input as serial data

o 3 Types of Phase Detector Outputs
On-chip Charge Pump Output for Active LPF
On-chip Charge Pump Output for Passive LPF
Output for External Charge Pump

o 16-pin Standard Dual-in-line Package (Suffix:-p) PG PACKAGE
16-pin Standard Flat Package (Suffix:-PF)
» The divide factor is selected by the following equation
fvco = N x (0SC +R)
fyco : VCO (Voltage Controlled Oscillator) PIN ASSIGNMENT E
output frequency
N : Preset divide factor of binary 10-bit
programmable counter (5 to 1023) 0SCyy [ N o DS
OSC : Reference Frequency os
R : Preset divide factor of binary 16-bit Coyt (]2 15 Jev
programmable reference counter (5 to 65535) fv s 14[]ne
ABSOLUTE MAXIMUM RATING (See NOTE) (Vss=0V) Veolde o view ’3E"
Dgp []s 12[7] Dy
Rating Symbo1 Value Unit vss (s nLe
Power Supply Voltage | Vpp | Vgs~0.3 to Vgg+7.0 | V Loy 10[7] pata
fin s
Input Voltage VIN | Vss-0.3 to Vpp+0.3 | V G sPcteck
Output Voltage VouT | Vss—0.3 to Vpp+0.3 | V
Output Current Tout + 10 mA
Operating Ambient Ta -30 to +80 °C
Temperature
Storage Temperature TsTg -40 to +125 °c
Power Dissipation Pp 300 mW
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This device contains circuitry to protect the
RATINGS are exceeded. Functional operation should be restricted to e G O oy
the conditions as detailed in the operational sections of this data that normal precautions be taken to avoid
sheet. Exposure to absolute maximum rating conditions for extended 2pplication of any voltage higher than maxi-
periods may affect device reliability. 2.51 g:‘c':h.med voltages 1o this high impedance




Fig. 1 — MB87086 BLOCK DIAGRAM

i 16-bit Shift Register

16-bit Shift Register

LE

f’filﬁﬁi’l‘i‘H‘I‘T'I'T'l‘1‘1"1"j

i 16-bit Latch

16-bit Latch

f‘:tlii:ItIfmHtl:{'_l:lfl'.it.

]

0SCyy o—ﬁ‘ gProgranable Reference Divider
H : 1:
H ]—-’:}Iﬁ-bit Prog. Ref. Counter: —o g
: ! L d:
................... T Phase
Detector
0SC,
0UT o’ 1 | oy
{ 10bit Shift Register '
H 1
1 10-bit Shift Register ! [
'O-bil l;tl:h h ’ :
! Charge
; H Gree Lo
L 1 .
i Amp. ! o L| Charge
E mp. : . Programmable ; s °Dpp
fin : > 10-bit Prog. ' ;
l Counter H v
R |
Control
Data o—-— Regi-
ster |}
Clock
PIN NAME TABLE
--Pin No. 1/0 Pin Name Pin No. 1/0 Pin Name
1 | 0SCpy 9 i Clock
2 0 0SCoyt 10 ] Data .
3 [¢] fv 1 I LE
4 - Voo 12 0 Doa
5 [0} Dop 13 0 fr
6 - Vss 14 - NC
7 o LD 15 (o) '\
8 | fin 16 [0) ¢R




PIN DESCRIPTION

Pin No.
1

10

11

Symbo1

0SCin

0SCout

fv

Voo
Dop

Vss
LD

fin

Clock

Data

LE

Description

Pin for Crystal Oscillator; Input to the inverting amplifier
that forms part of the oscillator. This pin receives the
oscillator signal as AC coupling when an external oscillator
is used, but for large amplitude signals (standard CMOS
levels) DC coupling may also be used.

Pin for Crystal Oscillator; Output of the inverting amplifier.
This pin should be connected to open when an external
oscillator is used.

Monitor output of the phase comparator input; as well as
monitoring the output of the programmable divider

Power Supply Voltage

Three-state Charge Pump Output; The mode of Dop is changed by
the combination of Programmable Reference Divider output frequency
fr and Programmable Divider output frequency fv as listed below:

fr > fv  : Drive Mode (Dop = High)
fr = fv : High-Impedance Mode
fr < fv . Sink Mode (Dop = Low)

Ground

Output of Phase Comparator; It is at High level when fr and
fv are coherent, and then the loop is locked. Otherwise it
outputs pulse signal.

Input for Programmable Divider from VCO; This input has a feed
back resistor.

Clock signal input for 16-bit Shift Register and 10-bit Shift
Register; Each rising edge of the clock makes one bit of the
data shift into the shift registers.

Serial data input for Shift Registers.

This data is the divide factor of the divider, which is

provided from the corresponded shift register. The last bit of
the data is the control bit which specified destination of

shift register. The data is transferred to 16-bit Shift Register
when the bit is at high level, and to 10-bit Shift Register when
at low level by instruction of LE signal.

Load Enable Input; When this pin is at high level, the data
latches from Shift Register is transferred to Programmable
Reference Divider or Programmable Divider.



PIN DESCRIPTIONS (Continued)

Pin No.

12

13

14

15
16

Symbo1

Doa

fr

NC

Al
*R

Descriptions

Three state Charge Pump Output; The mode of Dgp is changed by
the combination of Programmable Reference Divider output frequency
fr and Programmable Divider output frequency fv as listed below.

fr > fv : Sink Mode (Dgp = Low)
fr = fv : High-Impedance Mode
fr < fv : Drive Mode (Dga = High)

Monitor output of the phase comparator input; as well as monitoring
output of Programmable Reference Divider.

Non connection.

Outputs for external charge pump.
oy oR

fr > fv : High-level Low-Tevel

>
fr = fv : High-level High-Tevel
fr < fv : Low-level High-level
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FUNCTIONAL DESCRIPTIONS
Serial Data input for Programmable Divider

Binary serial data is input to Data pin. Each rising edge of clock makes one bit of
the data shift into the shift registers and control register. Input data consists of
16-bit or 10-bit data and 1-bit of control bit data.

16-bit data selects the divide factor of Programmable Reference Divider

10-bit data selects the divide factor of Programmable Divider
The last bit of the data is stored in Control Register which specified destination
of shift register.
When this bit is at high level, 16-bit Latch is selected. When this is at low level,
10-bit Latch is selected.
The data format is shown below.

Prog. Ref.

Divider I c ISll Sgl S3| $4I S5| Sg |S7l Sg ’$g|510ISll‘5121513l514|515151é]
i
Prog. Divider | C Sy S2|S3(Sa|Ss5(Sg|S7|S8|Sq|S10 MSB
a0 {
Controlj LSB MSB
bit
Divide factor of Programmable __
Divider
l«— Divide factor of Programmable Reference Divider B

When LE is at high level and Control bit is at high level, the data latches from
16-bit shift register are transferred to 16-bit Programmable Counter. When LE is at
high level and Control bit is at low level, the data latches from 10-bit shift
register are transferred to 10-bit Programmable Counter.

51| S2| s3] Sa|Ss|Se|S7|5a ]| Sas10(11(512S13[S14|515(516 | 16-bit

O A T A A I

l Ssl 54| S5 Ss] S7 ISS] SQISIO 511[512 513 514[515 516| 16-bit

T ITTrT™

16-bit Programmable Reference Divider

S3|S4|Ss5|Se|S7|S8|S9{S10| 10-bit Shift Register

HEEEEE

S3|S4|S5|S¢|S7|Sg|Sg|S10| 10-bit Latch

N N A N Y A

10-bit Programmable Divider




Binary 10-bit Programmable Divider Data Input

Divide igit No.

factor 10/9(87}6|5]4]3]2 |1
5 ojofojojojo04j{o0j|1}0|1
6 ojojojof{ojofof1j11}o

Note: Divide factor less than 5 is prohibited.
Divide factor : 5 to 1023

Binary 16-bit Programmable Reference Divider Data Input

Divide Digit No.
factor 16 15|14 |13|12{11{10 |9 |8 |7 |6 (5[4 |3 |2 |1
5 0{0{0{0j0l0O{O|O}O|O|O|O{jO (1|01
6 0|0/ 0{0f0/0j0jO|O|OjO|O}JO}1]|1]0O
Note: Divide factor less than 5 is prohibited.
Divide factor : 5 to 65535
RECOMMENDED OPERATING CONDITIONS
Parameter Symbo1 Value Unit
Min Typ Max
Power Supply Voltage Voo 4.5 5.0 5.5 v
Input Voltage VIN Vss Vpp v
Operating Temperature TaA -30 +60 °c




ELECTRICAL CHARACTERISTICS
(Vs = 0V, Vpp = 5V, Tp= =30 to 60 °C)

Parameter Symbol Condition Value
Min Typ Max Unit

High-level Input Voltage | VIy 3.5 - - v
except fin and 0SCin
Low-Tevel Input Voltage ViL - 1.5 V
except fin and OSCin
Input Sensitivity (fin) Vipp | Amplitude in AC 1.0 - - Vp—p

coupling,sine wave
Input Sensitivity (0SCin)| Vgip 0.5 - - Vp-p
High-level Input Current | Iy VIN=5.0V - 1.0 - HA
except fin and 0SCin
Low-Tevel Input Current I ViN=0.0V - -1.0 - pA
except fin and 0SCin
Input Current (fin) IfIN | VINSVss to Vpp - +50 - WA
Input Current (0SCin) IxIN | VIN=Vss to Vpp - +50 - vA
High-level Output Vo Igy=0uA 4.95 - - v
Voltage except OSCout
Low-Tevel Output VoL IoL=0pA - - 0.05{ V
Voltage except 0SCout
High-level Output IoH Vou=4.6V -1.0 - - mA
Current except OSCout
Low-level Output IoL VoL=0.4V 1.0 - - mA
Current except 0SCout

Vpp=5V
Power Supply Current Ipp fin=100 MHz, - 8.0 - mA

22 MHz X'tal used

between 0SCin and

0SCout. Inputs are

at GND except fin.

Outputs are open.
Max. Operation Freq. fmax | Vpp=5.0V 95 130 - MHz
of Binary 16-bit Prog.
Ref. Counter
Max. Operation Freq. fmax | Vpp=5.0V 40 60 - MHz
of Binary 10-bit Prog.
Counter




SERIAL DATA INPUT TIMING

tn21.0 (#5S)

Data ® oo

X e Xeu e

el P2 e

Note: Programmable Reference Divider Input @®
Programmable Divider Input (D)

PHASE DETECTOR OUTPUT WAVEFORM
fr l
fv : _] ; ’_‘ I—

por | . High-Z

L

j ] P High-Z

DOA

¢R

oV

LD




PACKAGE DIMENSIONS

INDEX-1

INDEX-2" |

.100(2.54)

TYP

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

R I e O o O e B e B e M

.244:,010
(6.200.25)

HA LR LA LT

e .770*008

060?012 (0.46:0.08)

+0.3
(1.52‘0 )

© FUJITSU LIMITED 1986 D16033S-2C

(19.55+0-2) .010:.002
-.012 -0.3 (0.25:0.05)
+.012
_ 03915
.050(1.27)MAX 1 0.9913.3 )
l .172(4.36)MAX
.118(3.0)MIN
0182003 o g himin

15° MAX

62) TYP

Dimensions in
inches (millimeters)

16-LEAD PLASTIC FLAT PACKAGE

(CASE No.:
.010
4007908
+0.25
10.1575-23)
.307:.016
INDEX (7.8:0.4)
.209:.012
(5.3}0.3)
e
T (0.4520.1)

FPT-16P-M02)

+.004
:004_'002

+0.1
(0.1_0.05)

(STAND OFF)

272+.012
(6.9:0.3)

D .020+.008

——-T (0.5:0.2)
+.002

0062507
—— +0.05
(0.15%0:05)

[l
el
Ne'e
A

.0314.008
(0.8:0.2)

©FUJITSU LIMITED 1986 F16005S-3C

Detail of A"’ part
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)
’.020(0.50)

.007(0.18)
MAX
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MAX

Dimensions in
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Section 3

Super PLLs
3-3 MB1501 Serial Input PLL Frequenc; Synthesizer with
1.1 GHz Prescalers
3-13 MB1504 Serial Input PLL Frequency Synthesizer with

520MHz Prescalers







TR
FUJITSU
TR

SERIAL INPUT PLL FREQUENCY SYNTHESIZER WITH 1.1 GHz PRESCALERS

MB1501

The Fujitsu MB1501, utilizing BI-CMOS technology, is a single
chip serial input PLL synthesizer which enables pulse-swallow
function.

The MB1501 consists of 1.1 GHz two modulus prescaler which
has the selection of either 64 divide ratio or 128, control signal
generator, 16-bit shift register, 15-bit latch, 14-bit
programmable referecne counter, 1-bit switch counter, phase
comparator with phase conversion function, charge pump,
crystal oscillator, 19-bit shift register, 18-bit latch,
binary 7-bit swallow counter and binary 11-bit programmable
counter.

It can function at low voltage, 3V typ, with low power
consumption 45mW at 1.1GHz.

High operating frequency : fiymax=1.1 GHz (ViymIN=0.20 Vp-p)
Low power supply voltage : 2.7 V to 5.5 V (3.0 V typ)
Low power consumption : 45 mW (3.0V , 1.1 GHz operation)
Serial input 18-bit programmable divider
Binary 7-bit swallow counter
Binary 11-bit programmable counter
Serial input 15-bit programmable reference divider
Binary. 14-bit programmable reference counter
1-bit switch counter (set divide ratio of prescaler)
» 2 types of phase detector output
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 mini-flat Package (Suffix:-PF)
* Pulse Swallow Function
fugo = { (P x N) + A} x fgse = R
fyco : VCO (Voltage Controlled Oscillator) Output Frequency
N : Preset Divide ratio of Binary 1ll-bit Programmalbe
Counter (16 to 2047)
A : Preset Divide ratio of Binary 7-bit Swaliow Counter
(0<A<127, A<N)
fosc : Reference QOscillation Frequency

.

R : Preset Divide ratio of Binary 14-bit Programmable
Reference Counter (8 to 16383)
p : Preset Divide ratio of Prescaler
(64 or 128)
ABSOLUTE MAXIMUM RATINGS (See NOTE)
Rating Symbo1 Value Unit
Vee -0.5 to +7.0 v
Power Supply Voltage 5
Vp Vee to 10.0 v
Output Voltage Vout -0.5 to Vgg+0.5 v
Output Current Iout +10 mA
Storage Temperature, TsTa -55 to +125 °c

T5548-C883
March 1988

PLASTIC PACKAGE
DIP-16P-M04

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

(Top View
0sCy lj 18 «R
OSCQUTL_Z: E oP
v & (13 f,
vee [ M3 fe
oo [E 13 Fc
6N [B] 13 LE
Lo (A [10 Data
fin, 3] 3 Clock

NOTE: Per device d. may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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. circuit.

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or slectric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
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Fig.1 - MB1501 BLOCK DIAGRAM
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PIN DESCRIPTIONS

.
Pin No. Pin name

1
2

10

11
12

13
14

15
16

0SCiN
0SCaut

Vp
Vee
Do

GND
LD

fIN

Clock

Data

LE

FC

fr

fp

®P
#R

Descriptions

Oscillator input
Oscillator output
A crystal is placed between 0SCpy and OSCoyT.

Power supply for charge pump
Power supply voltage

Charge pump output
The characteristics are reversed depending on FC input.

Ground

Phase comparator output
Normally, this output level is high level. While the phase of
fr and fp is exists, the output becomes low level.

Prescaler input
The connection with VCO should be AC connection.

Clock input for 19-bit shift register and 16-bit shift register.
Each rising edge of the clock shifts one bit of data into the
shift registers.

Serial data input

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

When this bit is high level and LE is high level, data is transferred
to 15-bit latch. When this bit is low level and LE is high level,
data is transferred to 18-bit latch.

Load enable input (with pull up resistor)
When LE is high level, data stored in the shift register is
transferred to latch.

Phase select input of phase comparator (with pull resistor)
When FC is low level, charge pump and phase detector characteristics
becomes reverse.

Monitor pin of phase comparator input
It is equivalent to reference divider output.

Monitor pin of phase comparator input
It is equivalent to programmable divider output.

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



FUNCTIONAL DESCRIPTIONS
SERIAL DATA INPUT

Serial data input consists of 3 inputs, data input (pin 10), clock input (pin 9)
and load enable input (pin 11). 15-bit programmable reference divider and 18-bit
programmable divider are controlled respectively.

Serial data is input to Data pin. The data is stored in the shift registers at the
rising edge of clock.

When road enable is high level (or open), data stored in shift register is
transferred to 15-bit latch or 18-bit latch depending on the control bit level.

Control data "H" Data is transferred into 15-bit latch.
Control data "L" Data is transferred into 18-bit latch.
PROGRAMMABLE REFERENCE DIVIDER

Reference divider consists of 16-bit shift register, 15-bit Tatch and 1l4-bit
reference counter. Serial 16-bit data format is shown below.

LsB MSB

w =
&~ 0

RIR{R{R[R|R [R|R R RIS
516|7]8]|91]10j11{12}13|14|W

N 2

—>

R

1

L?_ Divide ratio of reference counter
(Binary 14-bit)

SW

: This bit selects divide ratio of Prescaler
SW=H 64
SW=1L 128
R1 to R14 : Divide ratio of reference counter (8 to 16383)
CN : Control bit = H
PROGRAMMABLE DIVIDER

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow
counter and 1ll-bit programmable counter. Serial 19-bit data format is shown below.

LSB MSB

Divide ratio of Divide ratio of
< swallow counter —>€——— programmable counter —>t
(Binary 7-bit) (Binary 11-bit)

N1 to N11 : Divide ratio of programmable counter (16 to 2047)
Al to A7 : Divide ratio of swallow counter (0 to 127)

CN : Control bit =L

Data is input from MSB data.



FUNCTIONAL DESCRIPTIONS (Continued)
SERIAL DATA INPUT TIMING

Data  MSB X X

X LSB(CN)

LE

L

tl_\’; - tz*f <"‘

(tr ~ ts =2 1 4&s)

ti=> & t«"%

e

o

At the rising edge of clock one bit of data is shifted into the shift registers.

PHASE CHARACTERISTICS

FC pin (pin 12) is provided to change phase of phase comparator.
Characteristics of internal charge pump output (Dg), Phase detector outputs
(2R, ¢P) are reversed depending on FC input data.

Outputs are shown below.

FC = H (or open) FC =1L
DO ¢R ¢P DO oR 9P
fr > fp H L L L H Z
fr < fp L H L H L L
“fr = fp 4 L )4 Z L 7

When synthesizer system is designed, FC pin is set according to VCO characteristics.

VCO characteristics is 1,
FC is set High or open.

VCO characteristics is 2,
FC is set Low.

e

Note: Z (High Impedance)

VCO OUTPUT FREQUENCY —

VCO INPUT VOLTAGE -



RECOMMENDED OPERATING CONDITIONS

p Value .
arameter Symbo1l win Typ Vax Unit
Vee 2.7 3.0 5.5 v
Power supply voltate
Vp Vee 8.0 v
Input voltage VIN | GND Vee v
Operating Temperature TA -40 +85 °c
ELECTRICAL CHARACTERISTICS
(Veg=2.7 to 5.5 V, Tp = -40 to +85 °C)
Parameter Symbo1l - Value Unit
Min Typ Max
Power supply current *1 Icc 15 mA
Operating frequency (fiy) fIN 10 *2 1100 MHz
Operating frequency (0SCy) fosc 12 20 MHz
*3 VFINL 0.2 1.2 Vp-p
Input sensitivity (fiN)
VFIN2 0.4 1.2 Vp-p
Input sensitivity (0SCyy) Vosc 0.5 Vp-p
High-level input voltage
except fyN and OSCiy VIH Veex0.7 v
Low-level input voltage
except fiN and OSCy VIL Veex0.3 v
High-level input current
(Data, CLK) I14 1.0 pA
Low-level input current
(Data, CLK) ITL -1.0 pA
Input current (OSCy) Iosc +50 uA
Input current (LE/FC) ILE -60 HA
High-level output voltage
except 0SCout VoH 2.4 v
Low-level output voltage
except OSCoyt VoL 0.4 v
High-level output current Ioy -1.0 mA
Low-Tevel output current IoL 1.0 mA

*1 fiN = 1.1GHz, 12MHz X'tal used between QSCyN and OSCqyT, Vgg=3V.
Inputs are at GND excpet fiy and outputs are open.
*2 Input coupling capacitance = 1000 pF

*3 VFIN1 : Vgg = 2.7 to 4
VeiNg : Ve = 4.0 to 5

oV
SV




POWER SUPPLY CURRENT Igc (mA)

INPUT SIGNAL SENSITIVITY Viy (Vp-p)

TEST CIRCUIT

Vee
1000p ___'_—"l[lh”‘l-
P-G )7’;_\ Vezal Yoz
so e 1 & S 4 3 2z 1

Vp

X tal

wr

9 10 11 12 13 14 1S 16

l, | L 0 scope

TYPICAL CHARACTERISTICS CURVES

POWER SUPPLY CURRENT VS. POWER SUPPLY VOLTAGE

30 ]
R-16383
N-2046

05| w127
P-128 ,,,f*”/"
Ta=25 C

o0 ’///’,/”””

15

10

2 3 4 5 6

10

POWER SUPPLY VOLTAGE Vcc (V)

INPUT SIGNAL SENSITIVITY VS. INPUT FREQUENCY

Vee=3.0 V - l
Ta=25 T
|
/
A /
- [
~ Y
l |
1 2 5 10 100 1000 10000

INPUT FREQUENCY f1y (MHz)



TYPICAL APPLICATION EXAMPLE

Vex(60) l -
to | _ALPFHVCO——
12% D_ﬁ
- CONTROLLER
12% ;lok.j'
% a
PR | PP lfp |fr 'FC LE |Data | Clock ;
EI"K 47K

6 15 14 13 12 11 10 9 nr or

1 2 3 4 5 6 7 8

Xl[] X2 Ve | Vec | Do lGND LD lﬂ‘ll'

1000p Vee(3V)

TC' lcz . éE ook l

mr 0. 1#;‘; P |\¥_" Lock Det.
.l 8T Lok

bua 7;

C1, C2 : Depends on crystal oscillator
LE, FC : With pull up resistor
¢P : Open drain output



PACKAGE DIMENSIONS

INDEX-1

iNDEX-2" |

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

el N Nalelnls

|

PRI I P R PR

.244:.010
(6.2020.25)

1
L 15° MAX
!

.300 (7.62) TYP

.010:.002
(0.25:0.05) ,

.100(2.54) 7P|

+.008 0.2
e 770708 (19.5570:2)
+.012
L~ 050(1.27MAX 080
- (0.99%03)
7 l 172(4.36MAX
118 (3.0) MIN
0182.003
(0.4620.08)
.01 . MIN
‘m:g 3: 020051
0.
(152733

@ FUJITSU LIMITED 1986 D16033s-2C

Dimensions in
inches (millimeters)

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

AAAAAAA

INDEX

.307.

7.8
.209£.012
(5.3:0.3)

B

Ll

.018£.004

.050(1 27)‘
TYP Ji

_

(0.4520.1)

l
bddo__

:.016
0.4)

i

+.004
.004_"502
+0.1
10.0193)
(STAND OFF)

.272£.012
(6.9:0.3)

1
i el i
T
A

© FUJITSU LIM

ITED 1986 F160055-3C

.031£,008
(0.8£0.2)

N .020:.008

(0.5£0.2)
+.002
006501

+0.05
10151998,

T

Detail of “A™ part

.008(0.20)

k]

i
.020(0.50}
.007(0.18)

MAX

.027(0.68)

MAX

Dimensions in
inches (millimeters)
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FUJITSU

T MB1504

SERIAL INPUT PLL FREQUENCY SYNTHESIZER WITH 520MHz PRESCALERS

The Fujitsu MB1504, utilizing BI-CMOS technology, is a single
chip serial input PLL synthesizer which enables pulse-swallow
function.

The MB1504 consists of 520 MHz two modulus prescaler which
has the selection of either 32 divide ratio or 64, control signal
generator, 16-bit shift register, 15-bit latch, l4-bit
programmable referecne counter, 1-bit switch counter, phase
comparator with phase conversion function, charge pump,
crystal oscillator, 19-bit shift register, 18-bit latch,
binary 7-bit swallow counter and binary 11-bit programmable
counter.

It can function at low voltage, 3V typ, with lTow power
consumption 30mW at 520MHz.

High operating frequency : fiyMax=520MHz (ViNMIN=0.20Vp-p)
Low power supply voltage : 2.7V to 5.5V (3.0V typ)
Low power consumption : 30mW (3.0V, 520MHz operation)
Serial input 18-bit programmable divider
Binary 7-bit swallow counter
Binary 11-bit programmable counter
e Serial input 15-bit programmable reference divider
Binary 14-bit programmable reference counter
1-bit switch counter (set divide ratio of prescaler)
2 types of phase detector output
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 mini-flat Package (Suffix:-PF)
e Pulse Swallow Function
fvco ={ (PxN)+A}xfosc+R
fyco : VCO (Voltage Contro]]ed Oscillator) Output Frequency
N : Preset Divide ratio of Binary 11-bit Programmalbe
Counter (16 to 2047)
A : Preset Divide ratio of Binary 7-bit Swallow Counter
(0<A<127, A<N)
fosc : Reference Oscillation Frequency
R : Preset Divide ratio of Binary 14-bit Programmable
Reference Counter (8 to 16383)

e o o o

P : Preset Divide ratio of Prescaler
(32 or 64)
ABSOLUTE MAXIMUM RATINGS (See NOTE)
Rating Symbol Value Unit
Vee -0.5 to +7.0 v
Power Supply Voltage
Vp Vee to 10.0 v
Output Voltage Vout -0.5 to Vgc+0.5 v
Output Current Tout £10 mA
Storage Temperature TsT1g -55 to +125 °c

TS549-D87Y
November 1987

PLASTIC PACKAGE
DIP-16P-MO4

PLASTIC PACKAGE
FPT-16P-M02

PIN ASSIGNMENT

(Top View)
0SCIN [:l: 18 R
0sCout [Z] 13 s
Vp ] 13 f,
vee [ 13 fr
g (& 13 Fc
a0 (%] o e
L0 ™ 10 Data
fivn  [B] [3] Clock

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional 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. circuit.

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or selectric fislds. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance

3-13



Fig.1 - MB1504 BLOCK DIAGRAM
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PIN DESCRIPTIONS
Pin No. Pin name Descriptions
1 0SC1N Oscillator input

2 0SCoyt  Oscillator output
A crystal is placed between OSCiy and OSCqyr.

3 Vp Power supply for charge pump
4 Vee Power supply voltage
5 Do Charge pump output
The characteristics are reversed depending on FC input.
6 GND Ground
7 LD Phase comparator output

Normally, this output level is high level. While the phase of
fr and fp is exists, the output becomes low level.

8 fIN Prescaler input
The connection with VCO should be AC connection.

9 Clock Clock input for 19-bit shift register and 16-bit shift register.
Each rising edge of the clock shifts one bit of data into the
shift registers.

10 Data Serial data input
The last bit of the data is control bit which specified destination
of shift registers.
When this bit is high level and LE is high level, data is transferred
to 15-bit latch. When this bit is low level and LE is high level,
data is transferred to 18-bit latch.

11 LE Load enable input (with pull up resistor)
When LE is high level, data stored in the shift register is
transferred to latch.

12 FC Phase select input of phase comparator (with pull resistor)
When FC is low level, charge pump and phase detector characteristics
becomes reverse.

13 fr Monitor pin of phase comparator input
It is equivalent to reference divider output.
14 fp Monitor pin of phase comparator input
It is equivalent to programmable divider output.
15 ¢P Outputs for external charge pump
16 ¢R The characteristics are reversed according to FC input.



FUNCTIONAL DESCRIPTIONS
SERIAL DATA INPUT

Serial data input consists of 3 inputs, data input (pin 10), clock input {(pin 9)
and load enable input (pin 11). 15-bit programmable reference divider and 18-bit
programmable divider are controlled respectively.

Serial data is input to Data pin. The data is stored in the shift registers at the
rising edge of clock.

When road enable is high level (or open), data stored in shift register is
transferred to 15-bit latch or 18-bit latch depending on the control bit level.

Control data "H" Data is transferred into 15-bit latch.
Control data "L" Data is transferred into 18-bit latch.
PROGRAMMABLE REFERENCE DIVIDER

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

LSB MSB

C{R{R|[RIR|[R|R[R[RJR|R|R|R|R|R:[S
112|3(4|5]6(7|8]9]10{11|12|13|14|W

Divide ratio of reference counter
(Binary 14-bit)

S —>

SW : This bit selects divide ratio of Prescaler
SW=~H 32
SW =1L 64

Rl to R14 : Divide ratio of reference counter (8 to 16383)
CN : Control bit = H
PROGRAMMABLE DIVIDER

Programmable 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 below.

LS8 MSB

Divide ratio of Divide ratio of
< swallow counter —><——— programmable counter
(Binary 7-bit) (Binary 11-bit)

N1 to N11 : Divide ratio of programmable counter (16 to 2047)
Al to A7 : Divide ratio of swallow counter (0 to 127)

CN : Control bit =1L

Data is ‘input from MSB data.



FUNCTIONAL DESCRIPTIONS (Continued)
SERIAL DATA INPUT TIMING

Data  MSB X X X LSB (CN)
Clock ; {~1‘ é 5—[

— l__;_4 cd l__%_J coad L____J ‘
- 1

b= < t—> ta = L
Pt P P e

(ty ~ ts = 1 us)

At the rising edge of clock one bit of data is shifted into the shift registers.

PHASE CHARACTERISTICS

FC pin (pin 12) is provided to change phase of phase comparator.
Characteristics of internal charge pump output (Dg), Phase detector outputs
(2R, ¢P) are reversed depending on FC input data.

Outputs are shown below.

FC = H (or open) FC =L
Do ¢R 9P DO ¢R ¢P
fr > fp H L L L H VA
fr < fp L H z H L L
fr = fp Z L Z Z L Z Note: Z (High Impedance)

When designing the synthesizer system, FC pin is set according to VCO characteristics.

VCO characteristics is 1,
FC is set High or open.

VCO characteristics is 2,
FC is set Low.

VCO OUTPUT FREQUENCY —

VCO INPUT VOLTAGE —



RECOMMENDED OPERATING CONDITIONS

Value Uni
Parameter Symbo1 ¥in Typ Max nit
Vee 2.7 3.0 5.5 v
Power supply voltate -
Vp Vee 8.0 Vv
Input voltage VIN GND Vee v
Operating Temperature TaA -40 +85 °C
ELECTRICAL CHARACTERISTICS
(Vpe=2.7 to 5.5 V, Tp = —-40 to +85 °C)
Parameter Symbol ~ Value Unit
Min Typ Max
Power supply current *1 Icc 10 mA
Operating frequency (fiy) fIN 10 *2 520 MHz
Operating frequency (OSCyy) fosc 12 20 MHz
*3 VFIN 0.2 1.2 Vp-p
Input sensitivity (fiN)
VFINZ 0.4 1.2 Vp-p
Input sensitivity (0SCyy) Vosc | 0.5 Vp-p
High-level input voltage
except fiy and OSCry VIH Veex0.7 )
Low-level input voltage
except fiy and OSCry VIL Veex0.3 v
High-Tevel input current
(Data, CLK) ITH 1.0 pA
Low-level input current
(Data, CLK) I -1.0 pA
Input current (OSCiy) Igsc 150 pA
Input current (LE/FC) ILE -60 vA
High-level output voltage
except 0SCqyt VoH 2.4 v
Low-Tevel output voltage
except 0SCoyt VoL 0.4 v
High-level output current IoH -1.0 mA
Low-level output current IoL 1.0 mA

*1 fiy = 520MHz, 12MHz X'tal used between OSCyy and O0SCqyt, Vec=3V.
Inputs are at GND excpet fyN and outputs are open.

*2 Input coupling capacitance = 1000 pF

*3 VFINl ¢ Voe = 2.7 to 4.0V
VFIN2 : Ve = 4.0 to 5.5V




INPUT SIGNAL SENSITIVITY Viy (Vp-p)

POWER SUPPLY CURRENT Igc (mA)

TYPICAL CHARACTERISTICS CURVES

POWER SUPPLY CURRENT VS. POWER SUPPLY VOLTAGE

TEST CIRCUIT

X' tatl

z 1

Vee
10009 ’;" I lgﬂn}‘%‘

P-G
so0 .
9 10 11 12 13 14 1S 16

Vp

7L”L”LL____———0

%
R-16383
N=2046
20| =127
P=64
Ta25 € —
15 ”"’_,,,f"‘
10
5
2 3 4 5 6
POWER SUPPLY VOLTAGE Vg (V)
INPUT SIGNAL SENSITIVITY VS. INPUT FREQUENCY
10
Yee=3.0 V
Ta=25 C
' [
0.1 N
0.05 ‘\‘~\&\\ v//
I~
0.02 /]
0.01
1 2 5 10 100 1000 10000

INPUT FREQUENCY f1y (MHz)
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TYPICAL APPLICATION EXAMPLE

Vo (6V) l
OUTPUT
v | _AdLPFIHvco
12k '7__?
Am—y—}" CONTROLLER
12% i‘ox o

T4

R | PP pr lfr |FC LE |Data | Clock ] }'
47K
6 15 14 13 12 11 10 9 he

tooop vcc (3\’)
lcl J;CZ . éE took l

o.u";[; 2o J Lock Det.
.ot 8T 1ok

Vp, Vpx : 8 V max.

C1, C2 : Depends on crystal oscillator
LE, FC : With pull up resistor

¢P : Open drain output




PACKAGE DIMENSIONS

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No. : DIP-16P-M04)

156° MAX

moex1. [0 0 (0 M ]

244:.010 vp
(6.20:0.25) 627
A
B | R I I I S -
+.008 0.2 .0102.002
7707972 (19557031 (0.25:0.05)
03g! 212
—~| f=—.05011.27IMAX w‘ggtg.a,'—‘ ~—
] I .172(4.36)MAX
118 (3.0) MIN
aoosarvel | 018:.003
0607072 (0.46£0.08)  430(0.51)MIN Dimensions in
(1452:g'3) inches (millimeters)

© FUJITSU LIMITED 1986 D16033s-2C

16-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-16P-M02)

.010

(. .400* 08 +.004
1o 1sqino,zs ) 'ON';)“??

©¥-0.20 (0.170-2.)

-0.05

(STAND OFF)
H H H H H H H r Derail of “A" part
.008(0.20)
.3072.016
proex 2091 :)7:: o 272:.012
O/ 209:.012 (6.9:0.3) ' —+
} 7.020(0.50)
__|l_00710.18)
H H H H H H ,020:.008 MAX
—_— (0.5:0.2) 027(0.68)
1050(1.27) 006*-092 MAX
TYP 018,004 ] 005-001
g (0.45:0.1) (0.15%3:3%)
Il
1 .085(2.15)MAX
10312.008
10.8:0.2)

Dimensions in

© FUJITSU LIMITED 1986 F16005S-3C inches (millimeters)







For further information please contact:

FUJITSU MICROELECTRONICS, INC.:

3545 North First Street, San Jose, CA 95134-1804
Phone: (408) 922-9000 FAX (408) 432-9044 TELEX 910-0190
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