

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MITSUBISHI BIPOLAR DIGITAL ICs

M54927P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

ABSOLUTE MAXIMUM RATINGS (Ta= —20~+75%C, unless ctherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+6 \2
v, Input voltage —0.5~+6 \'
Vo Output voltage —0.5~+6 v
Pd Power dissipation Ta=75C 300 mw
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40~-+125 ‘C

RECOMMENDED OPERATING CONDITIONS (Voo = 4.5~5.5V, Ta= —20~+75C, unless ofherwise noted)
. Limits

Symbol Parameter Conditions Vin Tve o Unit
Voo Supply voltage (‘;')5* 5 55 | v
fLocal Input frequency ::: ::::VWV::: > z — 13; MHz

0.5~2MHz 200 800
. fana 2~aMHz 100 800
Viocal | Input amplitude S—GOMH2 200 300 mVe.p
e 60~130MHz 160 800
loL Low-level output current Pin 12, 13 outputs 1 5 mA
fosc Reference oscillator frequency 4.5 MHz
* 13V, Tg=25TC
CRYSTAL ELEMENT CONNECTION CIRCUIT
X-0UT GND
Note 15 Crystal specifications
- ?— — - - Resonant frequency 4.5MHz£30ppm
Xtal Load capacitance 20pF ‘
Effective resistance 10002 max.
D 16 . Capacitance values
C,;=56pF
C T Co Co=230pF(trimmer)
ELECTRICAL CHARACTERISTICS (Ta= —20~+75T, unless otherwise noted)
Limits
Symbol Parameter Test conditions r Unit
Test pin Min Typ Max
Vin High-level input voltage 1,2,7,9 Veo=5.5V 2 v
Vi Low-level input voltage 1,279 Vee=5.5V 0.6 \
™ High-level input current 1,279 Vee=5.5V, Vjy=5.5V 30 KA
i Low-level input current 1,2,7,9 Vee=4.5V, V| =0V —80 —160 A
VoL Low-level output voltage 1,12 Vee=4.5V, lo,=5mA 0.5 \"
Vonp1 PD high-level output voltage 10 Vee=4.5V, loy=—1mA 3 \
Voue2 PD high-level output voltage 10 Vee=5V, loy=—0.1mA 4 \'4
Voir1 PD low-level output voltage 10 Vee=4.5V, lo,=1mA 1.5 \%
VouLp2 PD low-level output voltage 10 V=5V, lo=0. 1mA 1 \"

lpo1 PD leakage current 10 Vee=5. 5V, Vo=0.8~4.7V +1 A
lpp2 PD leakage current 10 Vee=5V, Vo=2.5V +100 nA
lec Circuit current Vee=5. 5V 20 35 mA
lolk Output leakage current 1,12 Vee=5. 5V, Vou=5.5V 30 #A

Note 17 . All voltages are measured with respect to circuit ground (pin 8) at 0V

18 © Currents are taken to be positive when flowing into the circuit and negative when flowing out of the circuit, the minimum and maximum
values taken to be absolute values. {
* . A Typical value at T3=25C

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54927P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

AC CHARACTERISTICS (14=25C, unless otherwise noted)

Limits
Symbol Parameter - Test conditions - Unit
Test pin Min Typ Max
. Vee1=Vc¢c2=4.5V
VeEmie FM input sensitivity 3 fe=60~130MHz 160 mVe.p
. - Vec1=Vcc2=4.5V
Vemz FM input sensitivity 3 feny=B~60MHz 400 mVe_p
Vee1=Vece=4. 5V
Vam1 AM input sensitivity 5 (g =2~AMHz 100 mVe_p
A Veer=Vece=4.5V
Vamz AM input sensitivity 5 fa=0. 5~ 2MHz 200 mVe.p
TYPICAL INPUT SENSITIVITY CHARACTERISTICS (Voci=Vcce=5V, Ta=25C)
(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY
400 300
~ '9\. 250
£ 300 &
E \ E 200
w w
o [a)
=]
g 200 \ E 150
5 N 3
a \ o
2 N S
= \ e 100
5 100 2
z £ 50
o . | |
0 10 20 30 40 30 50 70 9 110 130 150
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz)
(2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY
125 125
e o100 310
o a
s
E e
a8 7B w 75
E 2
' ]
o
50 3 50
2 N 2
5 N 5
s = g 2%
0 0
0 0.5 1 1.5 2 2.5 2 3 4 5 6 7
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz)
MITSUBISHI 2— 181
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MITSUBISHI BIPOLAR DIGITAL ICs

M54927P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

APPLICATION EXAMPLE

+5v

sI
CPS
Reset
+5v CONTROLLER
M54927P + (M58497P etc.)
\w g J; —
1] Reset Vee [16] BMH o o
“pa MRz P Lock
2 X-INJi
o005 2] OPS BH=—
1000 | I—E fem X-OUT |14
P
““ "—‘E refem NC E 30p
| Bt am/M[iZ—— S t5V Took
"—iool—lﬁ refam Lock [T——
10000p,
{7 PD fi— T ?
1L‘—‘E GND Test|9
> S
| =
H 7] 0.
° - 3] IN
FM AM ——{3]Na 5
Local Osc 4] INg a
' 5lanp
GElo. ™
Lo
V tune +B
‘G—E Vee
BAND SWITCH
AM+B
FM+B
Radio

- MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs
PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS
DESCRIPTION
The M54928P is a semiconductor integrated circuit consist- PIN CONFIGURATION (TOP VlEW)
ing of a PLL frequency synthesizer for use in AM/FM elec- v ' :
tronically tuned radio receivers. It makes use of ECL-IIL Da _.E @ Veez
process. to enable high density and low power cc?nsumption. Ds "E E Veer
It contains an FM Prescaler allowing the direct input of the DATA INPUTS CRYSTAL
o —[3] 20]— X-IN
local oscillator frequency signal. } ﬁqspcdlfls_A ToR
The base frequency is provided by a 4.5MHz crystal 0o —~[4] 18] x-out
i FMLOCAL - — 450KkHz
oscillator. OO ey, E § E 450KHz oureur
FM REFERENCE BIAS refgy —»E 8 17}~ Timing ouTPUT
FEATURES AMLOCAL ¢ _‘E ® ol AM/EM AMFM MODE
@ Built-in FM high-speed prescaler (fmax=130MHz) Afﬁ;'—:g“g‘:”c”; A o f‘gg:?;‘::gg;"
® Low power consumption (lgc=20mA, typical at Voo = alAs'e'AM"‘E E"’ Lock  ourpur
CLOCK PULSE =5=
5V) INPUT CPS —'E E—* PD SH'FSETDETECTOR
® Reference frequency selectable from eight values (50k, NC E E‘—Test TEST PULSE
INPUT
25k, 12.5k, 10k, 9k, 5k, 4.5k, 1k)
" . GND E E*—Reset RESET PULSE
® Modulo-2 swallow counter in FM mode (prescaler ratio INPUT
1/32, 1/33) outl 29P4
; L . . - . utline
® Wide range of division ratios (FM: 1024~65535, AM: 64 n NC : No connection
~65535, binary coded)
@ Clock pulse outputs at 450kHz and 500Hz
® Built-in 4.5MHz crystal oscillator (only two external com-
ponents required)
® PLL rock/unlock status ouptut
® AM/FM mode control output
® High sensitivity AM/FM local oscillator frequency input
with buiit-in amplifier (FM: 160mVp.p at 130MHz, AM:
100mVp_p at 4MHz)
APPLICATION
AM/FM Radios
450kHz TIMING SIGNAL LOCK DETECTOR
BLOCK DIAGRAM OUTPUT OUTPUT OUTPUT
450kHz Timing Lock
CRYSTAL X-IN (20 500Hz
oscu]lﬁ/'\’Lc:_g { osc ]—"L DIVIDER Test TEST INPUT
X-0OUT (19
REFERENCE
FM LOCAL FREQUENCY [~ ]
OSCILLATOR INPUT  fr (5)—,n [ SELECTOR wo
FM REFERENCE BIAS refeu (8 25 Sroermae Tl ebs
AM LOCAL S 9‘ PROGRAMMABLE <o TR'-;E‘;’T:ER
OSCILLATOR INPUT  fam (7 > W= DIVIDER el PHASE DETECTOR
AM REFERENGE BIAS refau (8 L (B‘N%FY 16BIT) ouTPUT
! __ AM/FM MODE
DATA LATCH (20 BIT) 16) AM/FM  SWITCHING
. OUTPUT
Vv
RESET 73;35 Reset 1\ 1 g vcc1
LATCH cc2
CLOCK PULSE <5z
weut °PS (8 CONTROL @) aND
—— —(O—0-0—® -
C Do Dg Dc Dp
DATA INPUTS NC : NO CONNECTION
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

PIN DESCRIPTION

No. Symbol Name Description
1 Da
2 Dg - o .
3 Do Data inputs Divide ratio input for programmable divider.
4 Dp
5 feu FM local oscillator input Direct input enable (fmax = 130MHz) Built-in amplifier (input sensitivity
160mVp.p)
6 refem FM reference bias Grounded through 1000pF capacitor
7 fam AM local oscillator input | Built-in amplifier (input sensitivity 100mVp.p)
8 refam AM reference bias Grounded through 10000pF capacitor
9 CPS Clock pulse input Data reading clock input
10 NC No connection
11 GND Ground ov
12 Reset Reset pulse input Data latch reset input
13 Test Test input Normally set to low-state. When set to high-state, pin 16 is the p\rogramm-
able divider output and pin 15 is the reference frequency output.
Tri-state output.
14 PD Phase detector output Phase lead for high-state, phase lag for low-state and high-Z for phase
coincidence.
15 Lock Lock detector output Low for PLL lock and high for PLL unlock. Open collector output.
16 AM/EM AM/FM mode svﬂtchlng AM/FM mode switching output. Low for FM and high for AM. Open collector
output.
17 Timing Timing signal output 500Hz clock pulse output Open coliector
18 450kHz 450kHz output 450kHz clock pulse output. Open collector
19 X-IN Crystal oscillator inputs 4 5MHz crystal input
20 X-OUT
21 Vecei Power supply 1 5vVE05v
22 Vecez Power supply 2 5vE05v
o—464 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

DESCRIPTION OF OPERATION
1. Data Input

(Input signal formatting)

Reset I . I
)

CPS I 1 I 1 I l I l | ]{ ‘ 1 (1
))

o TSI TSI,

Ds DJa1 //Zléaz //?aj // Des Des

D¢ D¢, /?Cf/ //D‘is// /‘6; Dcs

Do ’, Dol /,/1002 Dps /0947/ Dos /A

DATAT1 DATA2 DATAS DATA4 DATAS IGNORED

Note 1 @ After the reset input goes low, 4X5 bits of data are read by means of 5CPS input pulses (negative edge triggered).

. Data for the sixth and following CPS input pulses are ignored.

. When the Reset input is high, CPS input pulses and Dao~Dp, input data are ignored.

: After the fifth CPS input pulse goes low, all data (Divide ratio, Mode and Reference frequency) are simultaneously set.

5w N

(Input signal timing)

S s B

WR MINIMUM VALUES
L “tre y twr=10us
| 7[ twen=twcL=10us
s twor taRc=20us
T ts=40us
‘WCH
] ty=40us
ts ty
|
Sy
Dao [ EFFECTIVE DATA
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

{

2. AM/FM Mode Setting and Reference Frequency

Table 1. Reference frequency selection

Selection Data 5 Reference] AM/FM
AM/FM mode selection and reference frequency selection Mode
: Das Dsgs Dcs Dos frequency| output
is performed by means of the data 5 (Das, Dgs, Dcs, Dos)- N . C . =y oor .
When D,s is read as a high level, the AM mode is
selected, enabling the fay input as well (maximum input H L L L AM 50k H
frequency 4MHz). For this mode the fry input is disabled. L H L L FM %k L
When Dys is read as a low level, the FM mode is H H L L AM 25k H
selected, enabling the fry input as well (maximum input L L H L FM | 12.5k L
frequency 130MHz) .For this condition the fay input is dis- H L H ‘L AM 12. 5k H
abled. L H H L FM 5k L
The selection of reference frequencies is as described in H H H L AM 5k H
table 1. L L L H FM | 4.5k L
H L L H AM 4.5k H
3. Divide Ratio Selection L H L H FM 9k L
The divide ratio of the programmable divider is set by H H L H AM 9k H
means of data 1 through data 4. Binary data coding is used. L L H H FM 1k L
The coding differs for AM and FM modes. H L H H AM 1k H
(1) AM mode L H H H FM 10k L
The programmable di’vider acts as a normal presettable H H H H AM 10Kk H
counter. The divide ratio is set in a binary 16-bit coded
format.
DIVIDE RATIO SETTING
(BINARY 16-BIT)
20 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215
Da1 | Dgi | Dc1 | Dot | Daz | Dez | Dc2 DDZ‘(DAS Des 003]7003 Das | Des | Dca | Dpa
(2) FM mode
The programmable divider acts as a Modulo-2 swallow
counter. The divide ratio is determined by the main counter
divide ratio B (binary 12-bit) and the swallow counter divide
ratio A (binary 4-bit).
MAIN COUNTER DIVIDE SWALLOW COUNTER
RATIO B SETTING ) DIVIDE RATIO
(BINARY 12-BIT) A SETTING
20 2! 22 28 2+ 25 26 27 28 29 210 pm | 20 4 21 i 22 i 23
Da1 /Dm Dc1 | Dot | Daz | D2 | Dc2 | Doz | Das | Des | Dca | Dpa | Das | Dea | Dca | Dpa
Note 5 : Overall divide ration N is determined by N=A+168
4, Data Coding Example
(1) AM mode, Reference frequency 10kHz, N=207
Dat1 | D1 | Dot | Dot | Daz | Dez2 | Dc2 | Dp2 | Das | Des | Des | Doa | Daa | Dsa | Dcs | Dos | Das | Des | Dcs | Dos

H H H H L L H H L L

20 2! 22 28 24 25 28 27 28 2°

210 211 212 213 214 215 t
N=204214-224-234-264-27=1 4244+ 8+ 64-+128=207 ggggﬁir;%i
Note 6 : If the PLL goes Into lock, fam=10X207=2070kHz. AM MODE  TOKHR 1S
SELECTION SELECTED.
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

(2) FM mode, Reference frequency 25kHz, N=2972

Da1 | Dg1 | Dc1 | Doy | Daz | Dez | Dc2 | Doz | Das | Des | Dca | Dos | Das | Des | Dcs | Dos | Das | Des | Dcs | Dos

H L L H H H L H L L L L L L H H L H L L

20 21 22 23 24 25 26 27 28 29 ' gt0 Al 20 21 22 23

—_—

B=242342%+42542"=1+8+16+32+118=185 A=12 I
Note 7 : Overall divide ratio N is given by N=A+16B.
=12+16-+185. FM MODE REFERENCE
=2972. SELECTION FREQUENCY
8 ! If the PLL goes into lock fp=25X2972=74300kHz. 25kHz IS
=74.3MHz. SELECTED.

5. Clock Signal Output Waveform
(1) 450kHz output (pin 18)

L L L
< m

0/9us 60% DUTY CYCLE

(2) Timing output (pin 17)

—————————————

- I

2ms 50% DUTY CYCLE

6. PD and Lock Signal Output

Reference frequency (f) '_I I-_I r-L l l_-l l_l J—-L J_-I
e ) u U 1 N | R | B | B

PD output ————:;LI::;L%_T—H—_ _____J._____-I-___-_-l___.—_r__—_.I.__-.-

Lock output I

Note 9 . When the programmable divider output (fiy+N) lags the reference frequency (fz), the PD output is low. When it leads,
the PD output becomes high. :
10 : If the phase difference T, or T, remains below 2 2us for over three periods of the reference frequency, the lock output
goes low indicating the lock condition
11 The broken line indicates the high impedance state.

MITSUBISHI
ELECTRIC 2—467




MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

INPUT/OUTPUT CIRCUITS

L]

Da, Dg, Dc, Dp, Test, CPS, Reset inputs

‘ 80KA
5000

[ 2 |

PD output

KN

fem, fam Inputs

refem, refay O—4¢- \ @ ) ¢
5000 ’\W—‘

fems fam O e %

!

o]
9
§ 2000

4

L

P

2000

MV

b ———O

| 4 |

AM/FM, Lock, Timing, 450kHz outputs

- Vee

| s |

OSC circuit

~2.1V

étZkﬂ

1kQ

X-IN

L3

1k

X-0ouT

1.4k

Note 12 . Resistance and current values are typical values for Ta=25TC.
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

ABSOLUTE MAXIMUM RATINGS (Ta= —20~+75C, uniess otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage Veet, Veez —0.5~+6 Vv
\A Input voltage —0.5~+46 \
Vo Output voltage —0.5~-6 v
Pd Power dissipation Ta=75C 300 mwW
Topr Operating temperature —20~+75 C
Tstg Storage temperature —40~+125 ‘C

RECOMMENDED OPERATING CONDITIONS (Vec =4.5~5.5V, Ta = —20~+75%, unless otherwise noted)
Symbol Parameter Conditions Limits Unit
Min Typ Max
Ve Supply voltage Veet Veez (‘;')5* 5 5.5 v
fLocal Input frequency :::: 0. 2 : 1 33 MHz
0. 5~2MHz 200 800
fam
Viocal Input amplitude 2r-AMHz 100 800 mVp_p
. 8~60MHz 400 800
™ 60~130MHz 160 800
loL Low-level output current Pin 15, 16, 17, 18 outputs 1 5 mA
fosc Reference oscillator frequency — 4.5 — MHz
* 13V, Ta=25TC
CRYSTAL ELEMENT CONNECTION CIRCUIT
X-IN X-OUT GND
@@ —
Note 13 : Crystal specifications
X'tal Resonant frequency 4 5MHz130ppm
D'__, Load capacitance 20pF
Effective resistance 1000 max
[} -E' Co 14 Capacitance values
"' 7 C=56pF
Co=30pF (trimmer)
ELECTR.|CAL CHARACTERISTICS (Ta= —20~+475%C, unless otherwise noted)
Limits

Symbol Parameter Testpm Test conditions i Tyo* Viox Unit
Vin High-level input voltage 1,2,3,4,9,12,13 Veo1=Vec2=5. 5V 2 \"
Vi Low-level input voltage 1,2,3,4,9,12,13 Vee1=Vece=5. 5V 0.6 \"
hin High-level input current 1,2,3,4,912,13 Veo1=Vgc2=5. 5V, Viy=5.5V 30 nA
I Low-level input current 1,2,3,4,9,12,13 Vee1=Vece=4. 5V, V; =0V —80 | —160 uA
VoL Low-level output voltage | 15,16,17,18 Vee1=Vec2=4. 5V, lo,=5mA 0.5 \"
Vour1 PD high-level output voltage | 14 Vec1=Veca=4.5V, loy=—1mA 3 Vv
Vonp2 PD high-level output voltage | 14 Vee1=Vee2=5V, lon=—0. TmA 4 \%
Vet PD low-level output voltage | 14 Veo1=Vecz=4.5V, lo,=1mA 1.5 \
VoLerz PD low-level output voltage | 14 Vee1=Veca=5V, lo.=0. ImA 1 \Y
lpp1 PD leakage current 14 Vee1=Vec2=5.5V, Vo=0.8~4.7V +1 nA
Ipp2 PD leakage current 14 Vee1=Vgca=5V, Vo=2.5V +100 nA
lec Circuit current Vee1=Vec2=5. 5V 20 35 mA
lolk Output leakage current 15,16,17,18 Vee1=Vce2=5. 5V, Vou=5. 5V 30 A

Note 15 Al voltages are measured with respect to circuit ground (pin 11) at 0V

16 . Currents are taken to be positive when flowing into the circuit and negative when flowing out of the circuit, the minimum
values taken to be absolute values.

* . A Typical value at T3=25"C

and maximum
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

.- PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

- § Limits

Symbol P Test conditions Unit
Test pin . Min Typ Max

Vemt FM input sensitivity 5 Vee1=Vece=4. 5V, fry=60~130MHz 160 mVpe.p

Vemz FM input sensitivity 5 Vee1=Vcco=4.5V, fpy=8~60MHz 400 mVe_p

Vami AM input sensitivity 7 Vec1=Veca=4. 5V, fau=2~4MHz 100 mVe.p

Vamz AM input sensitivity 7 Vee1=Veca=4. 5V, fau=0.5~2MHz 200 mVe.p

TYPICAL INPUT SENSITIVITY CHARACTERISTICS (Vooi=Voc=5V, Ta=25C)
(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY

400 300 -

’EI. = 250

£ 300 >

£ E 200

w w

8 g

E 200 N E 150

. -

2 T~ %

2 \ s

- = 100

> 2 N

a 100 o

z z N

50 = e
, .
% 10 20 30 20 0% 50 70 80 110 130 150

INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz)

(2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY

125 125
& 100 g 100
> >
E E
a s &
D =]
E E
- )
S s s
< \ < 50
= [
2 2
a. o
Z 25 Z 25
__ﬂ/
0 0
0 05 1.0 15 20 265 2 a 5 6 7
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz)
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MITSUBISHI BIPOLAR DIGITAL ICs

M54928P

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

APPLICATION EXAMPLE
+5v o
5 N
F b
z 1 abit
3 Ds [ DATA
4 b
vz -
1T © L CPS
Ii— 3 Reset
TIMING CONTROLLER
SIGNALS (M58497P, ETC.)
—r—
_—' _
| Lock
e ] o
Local Osc LeF SUPPLY
X WITCH
I
- |
Radio
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS

DESCRIPTION

The M54929P is an IIL semiconductor integrated circuit
consisting of a PLL frequency synthesizer, suitable for use
in a amateur radio equipment.

FEATURES

® Capable of synthesizing frequencies up to 300MHz
when used with the M54466L 1/10, 1/11 2 -modulus
prescaler

Programmable divider can operate at frequencies up to
30MHz

Division ratios from 200 to 3999 can be set using a swal-
low counter (set from 0 ~ 9 by 4 bits of BCD code)
and program divider (set from 20 ~ 3999 by 14 bits of
BCD code).

PIN CONFIGURATION (TOP VIEW)

PHASE DETECTOR \
OUTPUT PD ‘-[I 16]  Vee
oa—[2] [15] < F  counT InpuT
Dg—|3 «V REFERENCE
DATA INPUTS o~ [3] s [14)  Voer RS NPT
g 8 13] - PSCEBRTRAL OuTPUT
N
Do— E © _—_] = X-n | CRYSTAL
RESET PULSE o OSCILLATOR
INPUT Reset—[6 [17] « X-our | INPUTS
GLOCKPULSE
NPUT CPS—|7 :| «—Test  TESTINPUT
LOCK DETECTOR ;-
OUTPUT Lock — |8 E GND
Outline 16P4

Four reference frequency division ratios (1/20, 1/100,
1/1000, and 1/1024)

PLL lock/unlock status display outputs

Two-stage data latch

APPLICATION

Amateur radio equipment

2—472

BLOCK DIAGRAM
CRYSTAL - - - - - - —_—
OSCILLATOR i
x. 1
INPUT " |———-F|V|DER(1/20 1/100, 1/1000, 1/1024)}———"— Voo l
Xoour PHASE |: .
REFERENGE DETEGTOR PHASE
FREQUENCY PD DETECTOR
SELECTOR UTPUT
COUNT i
INPUT Fin @. PROGRAMMABLE DIVIDER
REFERENCE Veer (14 (BCD 14 BITS) I e
BIAS INPUT
COUNTER '
WALLOW
PULSE * S 1 L2 3 LOCK
SWALLOW Lock DETECTOR
CONTROL PSCG.)— d 14 * % 1 OPEN OUTPUT
OUTPUT * I ECL OUTPUT [ SrTA LATon ] COLLECTOR ‘
CPS Reset Da Da Dc Do vcc GND  Test
CLOCK RESET  DATA INPUTS SUPPLY TEST
PULSE PULSE VOLTAGE  INPUT
INPUT  INPUT
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS

PIN DESCRIPTION
No. Symbol Pin name Description
1 PD Phase detector output Three-state nghl=phase advance, low=phase delay,
high impedance=sync
2 Da
3 Ds . .
Data input Input pin to set division ratio of programmable divider
P Data 1s set with BCD code
4 D¢
5 Dp
6 Reset Reset pulse input Data latch reset input
7 CPS Clock pulse input Data read clock input
—_— Low when PD s high-impedance, high when PD 1s low or high
8 Lock Lock detector output '8 high-impedance, hig © ow 9
Open collector.
9 GND GND ov
10 Test Test nput Normally set low YVhen set high, program divider output Fin/N is output at pin 1 (PD), and reference frequen-
cy fr 1s output at pin8 (Lock).
n X-ouTt
Crystal oscilitor input A 10MHz crystal oscillator 1s used.
12 X-in
—_— Pulse swallow
13 PSC Controls division ratio of 1 /10, 1/11 2 -modulus prescaler (M54466L) ECL level output
control output
14 Vger Reference bias Grounded through a 10000pF capacitor
15 Fin Count input Count frequency input pin. fyax=30MHz
16 Vce Power supply 5v+0.25v
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS

FUNCTION
1. DATA INPUT

Configuration of input signals

Reset ‘ (( |

D))

cps R I I

)

Da

Ds

A
X

be Y o
X

Do

[ T T T

BCD1 BCD2 BCD3 BCD 4 BCDS IGNORED

Note 1 : After the Reset input is set low, five pulses applied at CPS (negative-edge trigger) read five sets of 4 -bit BCD data.
2 . General parameters (N value, reference frequency) are set at the falling edge of the 5 th CPS pulse. Successive data inputs at CPS are
ignored.
3 When the reset input is high, signals applied at CPS, DA and Dp have no effect

Timing of input signals

- 1
tac | | tor
Reset B ——] = -
1 |
| |
l |
|
T ] ; rm
Da~Dp : Effective data | I'
| ! | +
Iotsy I oth |
1 | ' |
— twh twe
CPS
Minimum value  tgy=th=twy=tw =10uS
tac=tcr=20uS
\
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MITSUBISHI BIPOLAR DIGITAL ICs

M54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS

2. CONFIGURATION OF DATA BITS .
LsB MSB

DATA Dar | De1 | Dci | Doy | Daz | De2 | Dc2 | Doz | Das | Des | Dca | Dos | Das | Des | Dca | Dos | Das | Des | Dcs | Dos

SWALLOW
S
RATIO A

X10° x10' X102 Pox0°
MAIN : ’ : :
ST [ o = o]z o o 2] 2 o o
RATIO N

20 27

RREGUENGY Do Do |
SELECTOR e >
Note 4 : When 1/10, 1/11 2 -modulus prescaler (M54466L) is connected, the overall division ratio M is given by M=A+10N

5 : When a prescaler is not used, the division ratio 1s determined by N and the data in the swallow counter is not used.
6 : The reference frequency is selected using the values in the table below.

Reference frequencies

BCD5
Division ratio | Reference frequency Crystal type
Dcs | Dos
L L 1024 10kHz 10. 24MHz
H L 1000 10kHz 10MHz
L H 100 100kHz 10MHz
H H 20 500kHz 10MHz

3. Example of data coding

(1) The following BCD codes set a reference frequency of 10kHz and a division ratio of 26789 when used with a 1/10, 1/11 2 -modulus prescaler

Da1 | De1 | Dot | Dot | Daz | Dez | Dc2 | Doz | Das | Des | Dcs | Dos | Das | Des | Dcs | Dos | Das | Des | Dos | Dos

H L L H L L L H H H H L L H H L L H H L

; 10kHz
6 : 2 i reference
: i frequency |

9 8 7

Note 7 . The PLL locks, when fj,=26789X10kHz=267. 89MHz

(2) To set a reference frequency of 100kHz and a division ratio of 254, when a prescaler i1s not used

Da1 | De1 | Dot | Dot | Daz | Dez | Dc2 | Doz | Das | Das | Dea | Dos | Das | Des | Dcs | Dos | Das | Des | Des | Dos

X X X X L L H L H L H L L H L L L L L H

X=irrelevant P 5 ; 2 : 0 ; ,e]f?,';ﬁ(z,e :
(either high or low) : i frequency

Note 8 ! The PLL locks, when fy=254X100kHz=25. 4MHz.
4. PD, Lock

REFERENCE L [ [ 1 [

FREQUENCY (fg)

BIVIDER QUTRUT L L L] L]

(fin+N)

PD OUTPUT ------------U----------rl---------—--l-----—-----]--------

‘LOck OUTPUT I_I n 7 I l

Note 9 : When the phase of program divider output (fyy+N) is delayed with respect to the reference frequency (fg), PD goes low ; when the phase of
fiv+N is advanced, PD goes high.
10 : Broken lines indicate the high-impedance state
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MITSUBISHI BIPOLAR DIGITAL ICs

M54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS

/0 CIRCUIT DIAGRAM

_1_1 Da through Dp, Reset, CPS, Test inputs ﬂ Lock output
‘é—vccq
_?'_J Fin, Virer inputs 4 I PD output
v —
VCC cc
8k
{ Ses |1 g
VREFO—‘ \ 200
Q
2000
F
nO 5000
77
T !
_E_J PSC output _i_l OSC circuit
VCC
Vee |
12k
1k
r—-—C) X'OUTO—MAI ’
6k § Tk ‘)
Xm O 14k
r
Note 11 : Resistance and current values shown are typical at T;=25C.
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Min Max
Vce Supply voltage —0.5 6.0 \%
Fin, Vrers X-in, X-out Input 2.0
Vi Input voltage Da~Dp, Reset, CPS, Test inputs —0.5 6.0 v
Vo Output voltage All outputs Vece \"
P4 Power dissipation Ta=75C 600 mw
Topr Operating temperature —20 =+75 c
Tstg Storage temperature —40 +125 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%C, unless otherwise noted) ‘
" Limits
Symbol Parameter Conditions in Tvp Mox Unit Remark
Vee Supply voltage 4.75 5.0 5.25 \
Fin Input frequency 3 30 MHz Sine wave input
‘ Fin =3 ~15MHz 200 800
Vin Input amplitude Fru = 15~30MHz 200 800 mVe-p
loL Low-level output current Lock output 1 5 mA
fosc Reference frequency 10 MHz
CRYSTAL OSCILLATOR CIRCUIT
X-in X-our GND ,
_ . . __ Note 12 Specifications of crystal oscillator
% . Resonant frequency 10MHz=%30ppm
‘tal Capacitive load 20pF
- Effective resistancb<1000
D 13 Capacitance
1 C=56pF, Co=30pF (trimmer)
C.-r Co
ELECTRICAL CHARACTERISTICS (Ta=—20~+75T, unless otherwise noted)
Symbol Parameter - Test conditions Limits Unit
Test pin Min Typ Max
Vin High-level input voltage Pins2~7, 10 Vee=5.5V 2.0 v
Vie Low-level input voltage Pins2~7, 10 Vee=5.5V 0.6 \"
(™ High-level input current Pins2~7, 10 Vee=5.5V, Viy=5.5V 30 ~A
[ Low-level input current Pins2~7, 10 Vec=4.5V, V=0V —80 —160 uA
VoL Low-level output voltage Pin8 Vee=4.5V, lo,==5mA 0.5 Vv
Voup1 PD high-level output voltage Pin1 Vee=4.5V, lony=—1mA 3.0 \%
Vounp2z PD high-level output voltage Pin1 Vec=15V, loy=—0.1mA 4.0 \'%
Voir1 PD low-level output voltage Pin1 Vec=4.5V, lo,=1mA 1.5 \"
VoLr2 PD low-level output voltage Pin1 Vec=5V, lo.=0.1mA 1.0 \"
lept PD leakage current Pin 1 Voe=5.5V, Vo=0.8~4.0V +3.0 LA
leo2 PD leakage current Pin1 Vee=5V, Vo=2.5V +1.0 ©A
hik Lock leakage current Pin8 Vec=5.5V, Vo=5.5V 30 “A
lce Supply current Vee=5, 5V 60 90 mA
Vonpsc | PSC high-lével output voltage Pin13 Vec=5V, Ri=3kQ 3.2 \"
VorLpsc | PSC low-level output voltage Pin 13 Vec=5V, Ri=3kQ . 2.6 \%

Note 14 : All voltages are measured with respect to circuit ground (pin9 ).
15 . Currents are taken to be positive (no sign) when flowing into the circuit and negative when flowing out of the circuit. The minimum and max-
imum values are taken to be absolute values.
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MITSUBISHI BIPOLAR DIGITAL ICs

M54929P

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS
AC CHARACTERISTICS (Voc=5V, T4=25%, unless otherwise noted)
Limits
Symbol Parameter - Test conditions Unit
Test pin Min Typ Max
Vin1 Fin Input sensitivity 15 Fin =3 ~15MHz 200 mVe-p
Vinz Fn input sensitivity 15 Fin =15~30MHz 200 mVe-p
Vpsc PSC output amplitude 13 Fiy =30MHz, R =3kQ 600 mVp-p
TYPICAL CHARACTERISTICS
INPUT AMPLITUDE VS INPUT FREQUENCY
150
“a Vee=5V
S Ta=25C
E
% /
>
W //
=}
=
-
s
< 50
-
=
o
z
0
0 10 20 30 40
INPUT FREQUENCY Fyy (MHz)
APPLICATION EXAMPLE
LPF Vtune V.C.O
X 15V |fosc
L ! ¥ —
$33¢% 2% \ T =
T71 7 7 W PD Vee GND
10000,
Da Dh - Fun 1;’000 } NC
]
D V, —l MOD
4 DATA & ¢ z - H 33 1000p Z
BITs | Dc De @  Bcs % L_"__ L
© 10MHz 2.4k >
Do Do N Xein fF——{ F Veer =3
000 = -
Reset Reset © X-our _’3-0 1S d To
_ P
cPs CPs Test r -6— Veo
+5v +5v
Lock GND To
Lock
CONTROLLER pd
(M58497P) 47
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8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER

MITSUBISHI BIPOLAR DIGITAL ICs

M54940P/FP

DESCRIPTION

The M54940P, a monolithic integrated circuit fabricated with
using an |IL technology, is designed for driving an 8-digit, 7-
segment fluorescent display.

FEATURES

® Separated power supplies; 5V (Logic circuit), and 35V
(Output circuit)

® Integral scanning oscillator circuit for display

APPLICATION
Micro computer display. Digital equipment for consumer and
Industrial use.

FUNCTION

The M54940P, having a 5-bit X 8-digit memory, is a decoder
driver for dynamic displaying of a vacuum fluorescent tubes.
The data for one digit section is organized into a 4-bit BCD
and an 1-bit decimal point. The data memory consists of a
shift register and a latch, and is capable of displaying the
previous data while the data is being transported.

DRIVER
POWER SUPPLY Vo2
LOGIC Veel
POWER SUPPLY. 0" =

102 — [4]
DATAINRUTS <\, ]

108 — [£] z

1DP — g
CLOCKINPUT ~ CLK—» [] ©
RESETINPUT ~ RST —+ [3] 3
LOAD INPUT  LOAD — [@
DISPLAY INPUT DISP —»
oy, o

GND

DECIMAL NC

POINT OUTPUT DP «—[13]

Outline 30P4B

DRIVER
POWER SUPPLY Vc2

LogIC Vel
POWER SUPPLY Ycc
ID1—
1D2 —
DATA INPUTS D4 —
1D8 —
IDP — QE
NC tg
CLOCK INPUT ~ CLK — 9] 191
RESETINPUT ~ RST — [10] o
LOAD INPUT ~ LOAD — [11}
DISPLAY INPUT DISP —
NC

OSCLLATOR
iNHBlT  OSC
GND +[Tg]

PIN CONFIGURATION (TOP VIEW)

—s T8(MSD),
] —T7

DIGIT OUTPUTS|

SEGMENT OUTPUTS}

NC : No connection

[32] — T8 (MSD

[31] — 77

[30] — T6

5] - 75 DiGIT
%) — T4 OUTPUTS
7] - 73 '
%] — T2

125] — T1 (LSD)

24— a
23] — b
22]— ¢
21] — d

20]— e

Ehe

SEGMENT OUTPUTS

DECIMAL

Outline  32P2W-A N : No connection

1] — g
7] — pP

POINT QUTPUT

T8 T7 T6 T5 T4 T3 T2

BLOCK DIAGRAM

T c d e f 9 oP

DIGIT DRIVER

s s

SEGMENT DRIVER

T T

SEGMENT DECODER

[ i
DisP erb +5
SCANNING
osc osc
COUNTER
! T

S TI -

L

MULTIPLEXER

0

40-BIT DATA LATCH

Jo

CLK

5X8-BIT SHIFTREGISTER

8 COUNTER

RST

LOAD
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MITSUBISHI BIPOLAR DIGITAL ICs

M54940P/FP

8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER

INPUT PIN FUNCTION
1) OSC : External capacitor connecting terminal for
the oscillator circuit.

2 1
) :g 2 . BCD Data Input; refer to the numerical
D4 Designations-resultant displays for -the relation
D8 of the input data to the display.
3) IDP : decimal point data Input
4) CLK : Data transport clock Input: the data can be input

at a positive-going edge of the CLK

TIMING CHART
DATA PROGRAMMING \

(1) USING CLK AND RST inputs with LOAD=“H ",

RST

5) RST : Reset Input: the CLK input counter is reset at “H”

6) LOAD : Signal Input to load the data latch with the data
of the shift register. The Input LOAD will not be
accepted until the 8th CLK Input has been re-
ceived.

7) DISP : When it is set to “H” it displays. When it is set to
“L”, the display is inhibitted. During the display
inhibition period, both the segment and digit
outputs will be at “L”.

— [
R G G G Gl G G )(.'_'_'_'_'_'II
CLK “nﬂnnnnﬂﬂﬁ”mn

DISPLAY OF PREVIOUS DATA

L

DISPLAY OF NEW DATA
I

When LOAD is kept at “ H”, LOAD is automatically done at the 8th CLK input when RST="L".
However, while RST="L", if there is a 9th CLK input, the 9th data will be Idaded and displayed.

(2) Using CLK, RST and LOAD inputs.

RST ——I l__—_
io1~10P )(XXX)(XXX)C
n n T2 n T3 LK) T6 T7 T8
mnnn’n
LOAD
h ]
[}
e
DISPLAY OF PREVIOUS DATA | DISPLAY OF NEW DATA
I
After the 8th clock input, the LOAD is valid only in the period while RST="L",
Furthermore, if there is 9th CLK input before the LOAD input, the LOAD input is ignored.
2— 480 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54940P/FP

8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER

OUTPUT TIMING CHART
n —I L B . -
- 1

S e N e B B |
PR e ISR o I oy e 1 N e B
op 1 1

sy 3 7 5 § 4 3 2 1 B8

NUMERICAL DESIGNATIONS-RESUITANT DISPLAYS

0 1 2 3 4 5 6 7 8 9 A B C D E F
ID1 L H L H L H L H L H L H L H L H
BCD 1D2 L L H H L L H H L L H H L L H H
DATA 1D4 L L L L H H H H L L L L H H H H
D8 L L L' L L L L L H H H H H H H H
Display D : e 3 I-= 5 E _I El‘ 9 - E FI [ = Blank
*The decimal point, independent of BCD data, is output when the decimal bit of the corresponding digitis at “H". a
Furthermore, when the decimal point bit is set at “ H” at plural digits, plural decimal points are displayed. -_—
t| g [b
OSCILLATOR CIRCUIT e | | ¢
1) External connection < D.P

OSC (Ms4940P)
GND

Cext I

tosc = 20 Cext X 1073(us) (Typ.)
2) Oscillation period (Unit of Cext; (pF))

DISPLAYS IMMEDIATELY “AFTER POWER ON.”

The display which appears immediately after “power-on” is in-

definable. During the period bofore the regular data is trans-
ported the display can be erased if DISP input is set at “ L ”.
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MITSUBISHI BIPOLAR DIGITAL ICs

M54940P/FP

8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Veer Logic supply voltage —0.3~+9 \'
Veez Driver supply voltage —0.3~+4-38 v
A\ Input voitage —0.3~Vccl v
Vo Output voltage 0~V v
Tsty Storage temperature —55~-+150 c
Topr Operating temperature —20~+75 c
Pd Power dissipation 600 mwW

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
Veer Logic supply voltage 4 5 7 v
Vcez Driver supply voltage 10 30 35 v

ELECTRICAL CHARACTERISTICS (Ta=—20~+75C, Vcol=5V, Voc2=35V, unless otherwise noted)

Limits

Symbol Parameter Test Conditions Unit
Min Typ Max
Viu “H " Input voltage Vee 1 =4~7V 2.7 Vel v
Vie “L” Input voltage Vee= 1 =4~7V 0 0.7 v
hin “H” Input current Vin=5V 0 20 KrA
he “L " Input current V=0V —0.25 | —0.4 mA
Digit output low==—10mA 33 33.8
Vorn “H " Output voltag \"
Segment output loy==—2mA 33 34
Voo “L” Output voltage lo,=0mA 0 2 v
Input : open
lcct Logic circuit current - 12 22 mA
All segment outputs; ON
Output : Open
lec2 Driver circuit current 8 14 mA
! All segment outputs : ON
tosc Oscillation Period Cext=1000pF 10 20 40 s
* Typical values are measured at 25°C ‘
TIMING CHARACTERISTICS (Ta=—20~+75C, unless otherwise noted)
Limits
Symbol Parameter Test Conditions Unit
Min Typ Max
fouk Clock Frequency 100 kHz
fosc Oscillation frequency 10 100 kHz
twe Clock pulse width 2 us
twe Load Pulse width , 2 “s
tsetup Data setup time (DATA—CLK) 4 7]
thold Data Hold time(CLK—DATA) 2 us
the Reset-clock time(RST—CLK) 4 us
tcL Clock-load, time(CLK—LOAD) 4 “s
tricLk) Clock pulse rise time 10 uS
tfcLx) Clock pulse fall time 10 MS
r—4g MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54940P/FP

8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER

INPUT TIMING CHART

RST ——ﬁ
KLSV

ID1~IDP

90% 90%

CLK

10%

7 1.5V 10% ‘
twe
fe—
toL | twe ,
tricwk

o

LOAD

OUTPUT TIMING CHART

tey |
twd '
DIGIT OUTPUT —_'_——I r——.\—
SEGMENT OUTPUT ——J U L—_——I_—I_
tws twe=tws=14tosc
tws twe= 2tosc
/O CIRCUIT SCHEMATIC fov=128toso
INPUT CIRCUIT I OUTPUT | Vo2
CIRCUIT
Veel
20k
< 8ok
GND
GND
OSCILLATOR I % Veel
0sC EO
MP.
O +
Cext =
- T , GND
GND
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MITSUBISHI BIPOLAR DIGITAL ICs

M54956P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

1/80uUT

DESCRIPTION \
The M54956P is a single-chip semiconductor integrated PIN CONFIGURATION (TOP VIEW)
circuit consisting of a PLL frequency synthesizer for per- A
‘sonal radio : ‘ 7 i sggﬁ'\mn Fn—[] ~ 6] Vee
. REFERENCE "E E — Xem gg\élsL AL on
FEATURES RESET INPUT RST — 3] < [14) — X-our | INPUTS
° (Bfu:lt-ln 11/§SG6Han)d 1/258 modulus prescaler CLOGK INPUT G — [7] 3 73] Test TEST INPUT
max=1. z © 1/8 DIVIDER
® Low power dissipation (Icc=40mA, at Voc=5V) DATAINFUT Sl ~ E % :I_’ 1/8 our Ag:;?;;cmR
® Choice of four comparator frequency types QUTPUT | SW1 ~[E] 1] — P/N 59,,‘,‘#3,},}6 INPUT
(50K, 25k, 12.5k, 6. 25k) swz2 —[7] [10] — Lock LQGK RETECTOR
® Wide variety of division ratio S E 9]|— PD PHASE DETECTOR
(32768~262142, binary code) [¢] ouTRuT
® 1/8 Clock pulse output for referene oscillator frequency Outline 16P4
(TTL level)
® Output display for PLL lock/unlock
® Output port status can be set by date transferred from
the controller
® Serial data input (three data transfer lines)
APPLICATION
Personal radios, mobile radio telephones, MCA equipment
BLOCK DIAGRAM
gHASE %ETECTOR LOCKCTOR
1/8 DIVIDER OUTPUT SWITCHING INPUT OUTPUT

P/N Lock

J [ 21pPuLsE ]

LATCH SIGNAL

CRYSTAL X-in osc HI/&DIVIDER face DIVIDER
OSCILLATOR OuTRUT rer DIV D
oSG Yo TEST INPUT
SRE 5 L[] |
OR Fiy 2MODULUS WIDER -
INPOT PRESCALER (7-8m) SELECTION PHASE PHAS
gFASER N REF DETECTO! 85.!|-'EP§1‘;’OR
T/N PROGRAMMABLE
DIVIDER rund |
' (10-BIT)
Ly 10 2
, f 2 SW‘ ouTPUT
[ DATA LATCH (21-BIT) ] D>——(Dswz| PORTS
1
SUPPLY
{2' (6) Vee  VOLTAGE
DATA INPUT SIS SHIFT REGISTER (21-BIT) I O
1

CLOCK ——
PULSE CPS{4 COUNTER !
R S
RST
RESET INPUT
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MITSUBISHI BIPOLAR DIGITAL ICs

M54956P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

PIN DESCRIPTION

Pinno.[ Symbol Pin name Description
1 Fin Local oscillator input Local oscillator frequency (V C.O) input. fmax=1000MHz
2 VRer Reference bias Connbct to ground through a 1000pF capacitor
3 RST Reset input Reset input of 21-pulse counter
4 CPS Clock input Clock Input for shift register
5 SI Data input Data input pin for shift register
6 Swi1
Output port Open-collector output port can be set by data tranferred from the controller
7 SW2
8 GND Ground ov
9 PD Phase detector output Three-state
10 Lock Lock detector output Low when the PLL is locked, high when unlocked. Open collector.
1" P/N Phase detector polarity When P/N is high, the output at PD pin becomes high when the phase I1s advanced and low when the phase is
switching retarded. When P/N 1s low, the logic states are inverted.
12 1/80UT | 1/8 divider output TTL level
1 Test Test input Normally set low. When set hugr\, fa (the comparator frequency) is output at SW1 (pin 6)
and the fiy/N (programmable divider) is output at SW2 (pin 7).
14 X-out . .
Crystal oscill input The output from 12. 8MHz reference oscillator is supplied to X-y.
15 X 4 P Oscillation is generated by an externally connected crystal oscillator
"IN
16 Vece Supply voltage pin 4.5~5.5V
1. DATA INPUT
Configuration of input signal
RST I I
(D21) (D20) (D19) (D3) (D2) (D1) INVALID

Si

Note 1 : The status of input Sl is read by the shift register at the falling edge of the clock signal at CPS.
2 ! All data (N value, port, comparator frequency) are set at the falling edge of the 21st pulse at CPS.Subsequent clock pulse at CPS are
ignored.
3 ! Pulses are accepted at neither CPS nor Sl while RST is high.

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54956P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

Timing of input signal

— , O —
tre | | tcr
RST fe——————————— [ mma——
| |
-t T
| |
l |
! |
i ! M ]
1
sl X : VALID DATA : X I X
H i . !
t I t
N I tsy th ! |
CPS e |

tsu=th=twn=tw,=10xS min.

tre=tcR=204S min.

2. BIT CONFIGURATION OF SHIFT REGISTER
LsB MSB

SHIFT REGISTER 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21

SWALLOW COUNTER
DIVISION RATIO A | 2°| 2" | 27| 2% | 2% 2° | 2°

MAIN COUNTER |
DIVISION RATIO N 204 27| 27| 23 2% 2% | 20 27| 2° ) 2° i
PORT SETTING
REFERENCE Da | Ds | Dc | Dp
FREQUENCY
SELECTION
Note 4 : Total division ratio M is given by M= 2 X (A+128N). Note 6 : Output port is set by D¢ and Do.
5 1 Comparator frequency is selected by D, and Dg.
Data Reference Data Output port

Da Dg frequency D¢ Dp SwWi1 Sw2

L L 50k L L L L

H L 25k H L H L

L H | 125k L H L H

H H 6. 25k H H H H

3. DATA CODING EXAMPLE
When reference freqency is 6. 25kHz, M is 153784, SW 1 is high and SW 2 is low

LsB

SHIFT REGISTER 1 2 3 4 5 6 7 8 9 10 | 11 (12 | 13 | 14 | 16 | 16 | 17 | 18 | 19 | 20 | 21

DATA L L H H H L H L L L H H L H L L H H H H L
DIVISION RATIO SETTING FOR DIVISION RATIO SETTING FOR MAIN COUNTER REFERENCE
SWALLOW COUNTER N= 234 244 264 29=600 FREQUENCY
§. 25kHz

A=2242342425=02
s SWIIS | Sw21S
selected | gET HiGH| SET LOW

- MITSUBISHI
2—486 ELECTRIC



MITSUBISHI BIPOLAR DIGITAL ICs

M54956P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

DATA

PREVIOUS DATA IS HELD DATA UPDATE

Note 7 : Total division ratio is set by M= 2 XM(A+128N)= 2 X (92+128X600)=153784
8 : When PLL is locked, fy c 0=6.25X153784=961150kHz
=961. 15MHz

4. 1/8 OUTPUT SIGNAL WAVEFORM

625nS

% Duty cycle is 50%.

5. PD, Lock SIGNAL OUTPUT WAVEFORM

REFERENCE

FREQUENCY (fg) I_I |—| |_| l_l |—| l_l l_l ﬂ
P GER GUTRUT (fm/N) I_I |_| j_l Lr U U Ll Ll

He | I
PD OUTPUT - ===-===-m===== el

Lock OUTPUT

Note 9 : The PD output is low when the phase of the programmable divider output (fy/N) follows the phase of reference frequency (fg) and Is high
when the phase fiy/N leads that of fg.
10 : Broken lines indicate the high-impedance state.
11 When phase variance T, and Ty are less than 625ns for a period of rerence frequency (fg), the lock output becomes low.

%The above description applies while P/N (pin 11) is high
While P/N input is low, the logic state of the PD output is inverted.
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MITSUBISHI BIPOLAR DIGITAL ICs

M54956P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

/0 CIRCUIT DIAGRAM
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? 2000
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L 6 | /8 our Output

77

Note 12 Resistance and current are typical values when Voc=5V and Ta=—20~+75C

ABSOLUTE MAXIMUM RATINGS (Ta= —20~+75T, unless otherwise noted)

Ratings
Symbol Parameter Conditions - Unit
Min Max
Veo Supply voltage —0.5 6.0 \"
V, Input voltage Each input —0.5 6.0 \'
Vo Output voltage Each input —0.5 6.0 \"
Pd Power dissipation Ta=75C 500 mwW
Topr Operating temperature —20 +75 T
Tstg Storage temperature —40 —+125 ‘c
RECOMMENDED OPERATING CONDITIONS (Voc =4.5~5.5V, Ta = —20~+75C unless otherwise noted)
Symbol Parameter Conditions Limits Unit Remark
Min Typ Max
Vee Supply voltage 4.5 5 5.5 “V
Vin Input amplitude Fin =100~1000MHz 400 1200 mVp_p
Fint Input frequency Vin =400mVp-p 100 1000 MHz
loL Low-level output current SW1, SW2, Lock output 5 mA
Vy-in X-in input amplitude Note 14 1 2 Ve-p Sine wave
fosc Reference oscillation frequency Note 13, Note 14 12.8 MHz
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Note 13 : Connection of crystal vibrator

X-in X-our GND
X'tal
Co=30pF

C.=SGpI:I.

Load capacitance of crystal oscillator

Valid resistance 1000 or léss

Note 14 . Connection of crystal oscillator

Crystal
oscillator

ouT

GND

()

10000pF |

1
GND

ELECTRICAL CHARACTERISTICS (T2 =—20~+75%C, unless otherwise noted)

1
Xout (pin 14) should be left open.

Symbol Parameter - Test conditions Limits Unit
Test pin Min Typ Max
Vin High-level input voltage 3, 4, 5, 11,13 Vee=5. 5V 2.0 "
Ve Low-level input voltage 3, 4, 5, 11,13 Vee=5.5V 0.6 \
(M High-level input current 3, 4, 5,11, 13 Vee=5.5V, V;y=5.5V 30 A
he Low-level input current 3, 4, 5, 11,13 Vee=4.5V, V=0V —80 —160 A
Voo Low-level output current 6, 7,10, 12 Vee=4.5V, lor.=5mA 0.5 \%
Vohpr1 PD high-level output voltage 9 Vee=4.5V, loy=—1mA 3.0 v
Vounpz PD low-level output voltage 9 Vee=5V, lop=—0.1mA 4.0 \"
VoLe1 PD low-level output current 9 Vec=4.5V, lo,==1mA 1.5 \"
Voup2 PD low-level output current 9 Vee=5V, lo.=0.1mA 1.0 \
Ippy PD leak current 9 Vee=5.5V, Vo=0.8~4.7V +1.0 uA
lpp2 PD leak current 9 Vec=5V, Vo=2.5V +100 A
lcc Supply voltage 16 Vee=5.5V 40 60 mA
loLk Output leak current 6, 7, 10 Vee=5.5V, Von=5.5V 30 #A
Vou High-level output voltage 12 Vee=4.5V, lon=—1V 2.0 \

Note 15 : The GND pin (pin 8) for voltages in this circuit is based on the reference voltage (0)
16 : Whn the currents flowing into the circuit are positive (no sings) and the currents flowing out from the circuit are negative (negative sign) and

the minimum and maximum are shown in absolute values.

17 : Typical values are at Vec= 5V, and Ta=25"C
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APPLICATION EXAMPLE

fosc

+5v

O
o
; Z
z

WY

SI
CcPS
RST

CONTROLLER
(M50740 etc.)

Lock

+5v
=
1000pF \ > %ﬁ
—{—F v
S
T0000F | Xeur10000pF | ATOR
CPS Test
si  1/80UT— = TIMING SIGNAL
SWi PIN
Sw2 Lock
GND PD
v

VCO

Vtune

MODE SETTING

TYPICAL CHARACTERISTICS
INPUT AMPLITUDE VS
INPUT FREQUENCY

INPUT AMPLITUDE Vi (mVp.p) -

400

300

200

100

0

Vec=5V

[

T,=25C

/

//

N

N

0

200 400 600 800 1000 1200 1400 1600

INPUT FREQUENCY Fy (MHz)
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M54959P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

DESCRIPTION

The M54959P is a semiconductor mtegrated circuit consist-
ing of a PLL frequency synthesizer for use in personal radio
equipment. It contains an 1/128 and 1/129 2 -modulus pre-
scaler allowing the direct synthesis of local oscillator fre-
quency up to 500MHz.

The reference frequency is provided by a 12. 8MHz crystal
oscillator.

FEATURES
Built-in 1/128 and 1/129 2 -modulus prescaler
(fmax=500MHz)

® Low power consumption (Icc=20mA, at Vec=5V)

® Reference frequency selectable from four values °
(25k, 12.5k, 6. 25k, 5k)

® Wide range of division ratio
(16384~131071, binary coded)

® Serial data input ( 3 data-transfer lines)

® PLL Lock/unlock status display output

® Output-ports state can be set by date from a controller

APPLICATION

Personal radio

PIN CONFIGURATION (TOP VIEW)

LOGAL A
OSCILLATOR Fyy —[1 6] V.
INPUT w01 6] Ve
REFERENGE Vpge —| 2 E*— X-mn | cRYSTAL
OSCILLATOR
ReseT puLSE RST —[3 < [14] « X-our | INPUT
PULSE GpS
cLocK ops —[1] céu [13]  Test TEST INPUT
PUT  SI— a 12] NC ,
DATAN si—[g] e B PHASE DETEGTOR
SW1 E [11] — P/NSRIENING npuT
OUTPUT PORTS
LOCK DETECTOR
swz —[7] 0] - Took 53787
PHASE DETECTOR
GND |8 6]~ D OUTRUT

Outline 16P4

NC : No connection

BLOCK DIAGRAM

X'OUT

X‘IN ]/3
i % osc | iI DIVIDER I_—’l frer DIVIDER

F 2-MODULUS 1/A DIVIDER
N PRESCALER
Vaer (1/128,1/129)

(BINARY, 7-BIT)|

1/N PROGRAMMABLE DIVIDER
(BINARY, 10-BIT)

P/N  Lock
- @
LOCK
DETECTOR Test
t
4
REFERENCE Vee
FREQUENCY| fr g
SELECTOR PHASE |
DETECTOR PD
Fin/N r .

W

}10 2

DATA LATCH (21-BIT)

?21,

SHIFT REGISTER (21-BIT)

!

|
N
[ 21pPuLsE |

COUNTER

0,
®
1
|
g
L

LATCH SIGNAL '

RST
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PIN DESCRIPTION
No. Symbol Pin name Description
1 Fin Local oscillator input Local oscillator frequency (V C.O) input fmax=500MHz
2 VRser Reference bias Ground through a 1000pF capacitor
3 RST Reset pulse input Reset pulse input for 21-pulse couhter
4 CPS Clock pulse input Clock pulse input for shift register
5 SI Data input Data input for shift register
6 sSwi1
Output port Open collector output port. State can be set by data from a controller
7 sw2
8 GND GND ov
9 PD Phase detector output Three-state
10 Lock Lock detector output Low when PLL locked, and high when unlocked. Open collector
1 P/N Phase detector polanty When high, PD goes high as the phase advances and low as the phase delays
switching When low, PD goes low as the phase advances, and high as the phase delays.
12 NC No connection Open or GND
. Normally set low. When set high, fr (reference frequency) is output from SW1 (pin 6),
13 Test Test input . A |
and fin/N (programmable divider output) is output from SW2 (pin 7).
14 X-out .
Crystal lator Input Apply the output from the 12. 8MHz reference oscillator to X-iy_
i P A crystal resonator can also be connected.
15 X-in
16 Vce Power supply pin 4.5~5.5V
FUNCTION
1. DATA INPUT
Configuration of input signal
RST | I
(D21) (D20) (D19) (D3) (p2) (D1)IGNORED
s - D G G G G G
oFs v u U u uy

- Data at input Sl is read into shift register sequentially by the falling edge of the clock signal at input CF CPS.
* All data (N value, port, reference frequency) are set by the falling edge of the 21st clock pulse at CPS.

Additional pulses at CPS are ignored.

© When RST is high, inputs are accepted at neither CPS nor SI

MITSUBISHI
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Timing of input signal .

RST
S| X VALID|DATA X X
tsu th
R 1
CPS wH

twe

tsu=th=twn=tw=10xS min

tre=tck=20uS min

2. BIT CONFIGURATION OF SHIFT REGISTER

LsSB MSB
SHIFT REGISTER 1 2 3 4 5 6 7 8 9 10 | 11 12 14 15 | 16 | 17 18 | 19 | 20 | 21
SWALLOW COUNTER 0 1 2 3 4 5 6
DIVISION RATIOA | 27| 27| 2% [ 27 ] 2% ) 2% ) 2
MAIN COUNTER 0 1 2 3 4 6 7 8 9
DIVISION RATIO N 22t 2t 27 2 2% 2 ( 272
REFERENCE FREQUENCY
SELECTION Da | Ds | Do | Do
Note 4 : Total division ratio M is given by M=A+128N.
Note 5 : The reference frequency is selected by D, and Dg Note 6 @ The output port is selected by DC and DD
Data Reference Data Output port
Da Dg frequency D¢ Dp SWi1 I SW2
L L 50k L L L [ L
H L 25k H L H L
L H 12.5k L H L H
H H 6. 25k H H H H
3. DATA CODING EXAMPLE
Reference freqency 6. 25kHz, M=76892, SW 1 =“H", SW 2 =*“L"
LsSB
SHIFT REGISTER 1 2 3 4 5 6 7 8 9 10 | 11 12 13 { 14 | 15 | 16 | 17 | 18 19 | 20 | 21
DATA L L H H H L H L L L H H L H L L H H H H L
|
DIVISION RATIO OF SWALLOW COUNTER DIVISION RATIO OF MAIN COUNTER REFERENCE
A=2%4 254244 2°=02 N=2°+ 2425+ 2°=600 FREQUENCY
SELECT SWIIS | SW21IS
6.25kHz  |SET HIGH| SET LOW
2—494 MITSUBISHI
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RST

Sl

CPS

DATA

1 |
SN U I U U S
— e npnnnnnnnng

MAINTAIN PREVIOUS DATA UPDATE DATA

Note 7 : Total division ratio is set by M=A+128N=92+128X600=76892.
8  When PLL is locked, fy ¢ 0=6. 25X 76892=480575kHz

=480. 575MHz

4. PD AND Lock WAVEFORMS
FAEQUENCY (1) I Jjr it JjeJyerJi
PROGRAMMABLE
OUTESXEI'D(E:/N) U U —U U U U U _U

e B na | —
PD OUTPUT === e=ee; pe—=ad Lo - -

. [ R

Lock OUTPUT I

Note 9 : When the phase of programmable divider output f,y/N is behind the phase of reference fregency fg, PD is low; when fy, is ahead of fg, PD is

high.

10 : Broken lines indicate the high impedance state.
11 : If phase differnces T, and Ty continue at less than 625ns for more than three cycles of reference frequency fz, LOCK becomes low.

¥The above description applies when input P/N (pin 11) is high.
When P/N is low, the output at PD is inverted.
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/0 CIRCUITS

_;_I RST, CPS, SI, P/N, and Test Inputs __Z_J PD Output

l' 501 A

V,
5000 o
3
40k
I S 2000

1N

_3_I Fin, and Vger Inputs _.O
; . B Y
o Vee 32000
$—0 |
Fn O L e

50(()_2 3
—< Vbias ’l I J

500 5
a3

£

_4_[ SW1, SW2, and Lock Outputs ._5__| OSC Circuit

VCC K
Veo 17k
Tk
X-0UT O—M .

1k

X-IN My . l)
O—w I\‘; 3 2k

wWv
©o
=

Veer O‘

<

\

Note 12 : Resistance and current values are typical at Voc= 5V, Ta=25C
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ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit Remarks
Min Max

Vece Supply voltage —0.5 6.0 \)

V, Input voltage All inputs —0.5 6.0 \4

Vo Output voltage All outputs —0.5 6.0 \

Pd Power dissipation Ta =75T 500 mwW Package permissible
power dissipation

Topr Operating temperature —20 +75 c

Tstg Storage temperature —40 +125 C

RECOMMENDED OPERATING COND|T|ONS (Vee = 4.5~5.5V, Ta = —20~+75C unless otherwise noted)

Limit
Symbol Parameter Conditions mis Unit Remarks
Min Typ Max
Vece Supply voltage 4.5 5 5.5 \%
Vin Input amplitude Fin =100~1000MHz 200 800 mVe-p
Fint Input frequency Viy =200~800mVp-p 100 500 MHz
loL Low-level output current SW1, SW2, and Lock ontputs 5 mA
Vx-in X-in input amplitude Note 14 1 2 Ve-p Sine wave
fosc Reference oscillator frequency 12.8 MHz
Note 13 : Cristal oscillator circuit Note 14 : Cristal oscillator circuit
X-in X'our |
|
|
Xtal Crystal oscillator I
ouTt ——I |——© X-in
10000pF |
GND |
—SGpF Co=30pF

l——# GND

Lpad capacitance of crystal 20pF |

| X- in 14) is left open
Effective resistance less than 1000 our (pin 14) P

ELECTRICAL CHARACTERISTICS (T4 =—20~+475C, unless otherwise noted)

Limits
Symbol Parameter Tost pin Test conditions Min Tve PYrm Unit
Vin High-level input voltage 3, 4, 5,11, 13 Vee=5.5V 2.0 \%
Vi Low-level input voltage 3, 4, 5, 11, 13 Vee=5.5V 0.6 \
'™ High-level input current 3, 4, 5,11, 13 Vee=5.5V, Viy=5.5V 30 #A
he Low-level input current 3, 4, 5,11, 13 Vee=4.5V, V=0V —50 | —100 uA
VoL Low-level output voltage 6, 7, 10, 12 Vec=4.5V, lo.=5mA 0.5 \"
Voupt PD high-level output voltage 9 Vee=4.5V, lop=—1mA 3.0 \"
Voup2 PD high-level output voltage 9 Vec=5V, lon=—0.1mA 4.0 \
VoLp1 PD low-level output voltage 9 Vee=4.5V, lo,=1mA 1.5 \%
VoLer2 PD low-level output voltage 9 Vee=5V, lo.=0.1mA 1.0 \%
lpo1 PD leakage current 9 Vee=5.5V, Vo=0.8~4.7V +1.0 uA
lpp2 PD leakage current 9 Vee=5V, Vo=2.5V +100 y77.
lcc Supply current Vee=5.5V 20 30 mA
loLk Output leakage current 6, 7, 10 Vee=5.5V, Vou=5.5V 30 A
Note 15 : All voltages are measured with respect to circuit ground (pin 8)
16 : Currents are taken to be-positive (negative sign) when flowing out of the circuit.
The minimum and maximum values are taken to be absolute values
) 17 : Typical values are at Vec=5V, Ta=25C
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APPLICATION EXAMPLE

+5v
o
s < <
$ 33
sl
cpPs
RST
+5v CONTROLLER
o
3 (M50740P etc.)
1000pF \_ i
{—F Vee ——
! ™ l_‘IZ.BMHz. ook
v X Es I
r1_0|00p|= il 10000pF]C SC'EHATOR
RST  X-our
CPS < Test
g K
sl & NC
©
SW1 = P/N '——;r
sw2  Lock
GND PD
b4 l g ]
1
1
o - - - I etV T
MODE SETTING I .
1
V.C.O [L.P.F _ _
Viune

TYPICAL CHARACTERISTICS

INPUT AMPLITUDE VS INPUT FREQUENCY

10
[ |T £5°C |V I;\\?
a= WVee=
o ™
E \
3 \ /.
z —-10 \
>
w
—20
: e
z —30 NI
g VY,
5 \|/
o
z
—50
200 200 500 800
INPUT FREQUENGY Fyy (MHz)
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WP oo M54965ASP
\‘ ol 0% ¥
we \® “0‘::& s
tﬁc o SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR
DESCRIPTION

The M54965ASP is a semiconductor integrated circuit con-
sisting of an oxide-film separated ECL/I?L PLL frequency
synthesizer. A prescaler and PLL capable of withstanding
operating at a maximum frequency of 1.0GHz are housed
in a single chip.

FEATURES

® Built-in prescaler with input amplifier fmax=1. 0GHz
Serial data input

Fine tuning capability (31. 25KHz/step)

Built-in band output

5V single power supply

APPLICATION
TV and VTR tuners

FUNCTION

The M54965ASP is a PLL frequency synthesizer IC for TV
applications. The prescaler employs emitter-coupled logic ,
and the PLL, I2L. The maximum operating frequency of the
prescaler is 1.0GHz. The first stage is a fixed 1/8 2-
modulus prescaler and the second stage is a 1/32, 1/33 2-
modulus prescaler. The PLL consists of a 4MHz crystal
oscillator, a 10-bit reference frequency divider, a prog-
rammable divider (a 10-bit M counter and a 5-bit S
counter), a phase comparator, and a lock detector. Four
band switching circuits are also provided.

PACKAGE 20-PIN SHRINK DIP
TEST — E
eN—[Z]
DATA—[3]
ck—[4]
[5]
v €]
il
GND GND  [8]
gPOL‘lMS%RATOR PD 2+ I:

TEST INPUT
ENABLE INPUT
DATA INPUT

CLOCK INPUT

SUPPLY VOLTAGE Vg 1

PIN CONFIGURATION (TOP VIEW)

DMPARATOR PD 1 « [0
SUTPUT 1

LOGK/DIVISION
[20] - LD/t OUTPUT

I LK/t RléFERENCE
—C
REF FRE QUENCY

OUTPU
:l Vec 2 sUPPLY VOLTAGE
E «—fy PRESCALER INPUT
6] GNDGeND

[15] «— BIAS BIAS INPUT
BAND SWITGHING
E — BS1 5yTRUT

dSVS96¥SWN

BAND SWITCHING
3] - 85 2 BN

j — BS 3 BAND SWITCHING

j - BS 4 BAND SWITCHING

Outline 20P4B

BLOCK DIAGRAM

LD/fw  CLK/fagr

| —] 1/32,1/33 I(——[ua
L

fa—c—o G- —— G

TEST EN

Veo 2 e BIAS BS 1 BS 2 BS3 BS

DECODER/DRIVER !
10 BIT MAIN COUNTER |

15 4
5 BIT SWALLOW COUNTER |

! 19 BIT DATA LATCH
1

-
PHASE DETECTOR
19 BIT
SHIFT REGISTER

|
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PIN DESCRIPTION

Pin number Symbol Pin name Functional description
5 Vec1 (IIL) | Supply voltage 1 (12L) Prescaler supply voltage pin 5.0+40.5V is applied
18 Vo2 (ECL) | Supply voltage 2 (ECL) 1oL supply voltage pin 5.040.5V is applied
8 GND 1(IIL)| GND 1 (L) Connect to OV
16 GND2(ECL) | GND 2 (ECL) Connect to 0V
6 Xin Crystal oscillator output pin 4.0MHz crystal oscillator is connected.
7 Xour
17 fin Prescaler input pin Prescaler input pin, V, C, O frequency Is applied
15 BIAS Bias pin Pr ler bias pin, cap of 1000pF is inserted between GND and this
pin.
Normally set low. When high, 19-bit data is read into the shift register. When
2 ENABLE | Enable input it drops from high to low, the contents of the shift registers are read into the
latch.
4 CLOCK | Clock input Data is read into shift register at the falling edge of the clock signal.
3 . DATA Data input Programmable divider division setting input
When the TEST input is low, the 500kHz clock frequency (CLK) is output.
When TEST is high, the reference frequency output frer is output. The refer-
19 / Clock/reference frequency output
CLK/frer eference frequency outpu ence frequency is 3. 90625kHz.
(Open-collector output)
When the TEST input is low, the lock detector output (LD) is selected ; when
TEST is high, the programmable divider output (f 1/N) is selected. The lock
20 LD/fin Lock detector/division output detector output is normally high and becomes low for a period correspond-
Ing to the phase difference between frer and f 1/N.
(Open collector output)
This pin is used for testing and is normally set low. When set high, frer and f
1 TEST TEST input 1/N outputs are selected for CLK/frer and LD/f 1/N, and the phase compa-
rator output enters the high-impedance state.
10 PD 1 Phase comparator output 1 When the phase programmable divider output (f 1/N) is advanced with re-
spect to the reference frequency (faer), this output becomes high, and when
9 PD 2 Phase comparator output 2 the programmable divider output is delayed, it becomes low. When the two
are In sync, this output enters the high-impedance state.
14 BS 1 Band switching output pin Open-collector outputs are used at all four band switching output pins. When
13 BS 2 - the band switching data is high, the output is ON, and when low, the output
12 BS 3 is OFF.
11 BS 4
f
2—-500 MITSUBISHI
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How to set the dividing ratio of programmable divider and
select the band switching output

The output is read into the latch at the falling edge of en-
able signal, as shown below.

READ INTO LATCH

ENABLE SIGNAL _/ \ ‘

BS1BS2BS3BS4 2° 22 27 8 5 ot 23 22 ' 0 2t 2 22 ! 0

DATA SIGNAL

|
1STBIT 47TH BITI 5TH BIT 14TH BIT 15 TH BIT 19TH BIT|

CLOCK SIGNAL

%___ -

SWITCAING: DATA M COUNTER DIVISION SETTING | S COUNTER DIVISION |
[ [
r=< > < —

Total divisor N is given by the following formulas in addition to the prescaler used In the previous stage

N= 8 (32M+S) M : 10-bit main counter division

S : 5-bit swallow counter division

The M and S counters are binary and the possible ranges
of division are as follows.

32=M=<1023

0<sS<3

The range of divisors N is 8,136 and 192~262.
The tuning frequency fyco is given in the following equa-
tions.
fvco=frer XN

=3.90625X8 (32M+S)

=31.25 (32M+S)(kHz)
Therefore, the range of tuning frequencies is 32MHz —
1000MHz.

CRYSTAL OSCILLATOR CONNECTION DIAGRAM

CRYSTAL OSCILLATOR CHARACTERISTICS

Xour Xin
/' 4,0MHz

l

Actual resistance : less than 500
Load capacitance : 20pF

30pF

l 56pF
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ABSOLUTE MAXIMUM RATINGS (Ta=—25~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage ’ 6.5 v
VI Input voltage Do not exceed supply voltage (Veg) 6.5 Y
Vo 1 Output voltage (1) Do not exceed PD output supply voltage 5.5 '
Vo 2 Output voltage (2) Do not exceed output supply voltage (Vcc) 6.5 v

other than mentioned above
VvBD Output withstanding voltage Band switching switch 13.5 \
Pd Power dissipation 650 mwW
Topr Operating temperature —20~-+75 c
Tstg Storage temperature —40~+125 ‘C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Test pin Conditions Limits Unit
Vece Supply voltage 4,5~5.5 v
fopr 1 Operating frequency (1) Crystal oscillator 4.0 MHz
fopr 2 Operating frequency (2) fin INput 80~1000 MHz

19
loL Low-level output current 2 0~5 mA
n
12
IBDL Low-level band output current 13 0~1 mA
14
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Test pin Min Typ Max
Vin High-level input voltage 1,2,3,4 2.0 Voet0.3 v
Vie Low-level input voltage 1,2,3,4 0.7 \%

(I High-level input current 1 1,2,3,4 | Vec=5.5V, V;=2.7V 50 LA
Iy 1 Low-level input current 1 1,2,3,4 Vee=5. 5V, V|=0. 4V —100 | —200 rA
he 2 Low-level input current 2 2 Vee=5.5V, Vi=0.4V —550 | —900 LA
he Input clamp voltage 1,2,3,4 Voc=4.5V, Vic=1.0mA —1.3 —1.8 \"
Von High-level output voltage | PD output 10 Vec=4.5V, loy=—1.0mA 2.5 3.0 \'
Vou 1 PD output 10 Vec=4.5V, lo,=—1.0mA 0.2 0.4 \%

Low-level output voltage
VoL 2 Other than above | 19, 20 Vee=4.5V, lo,.=5mA 0.3 0.5 \'
lok 1 PD output 10 Vee=b5.5V, Vo=0.5~4. 8V —1.0 -+1.0 uA
Output leakage current
lok 2 Other than above | 19,20 Vee=5.5V, Vo=5.5V —10 =10 wA
lcc Supply current 5,18 Vge=5.5V 70 100 mA
Typical values are at Voc=5. 0V, Ta=25C
SWITCHING CHARACTERISTICS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Test pin Min Typ Max
Vec=4.5~5.5V
fopr Prescaler operating frequency 17 o 80 1000 v
Vin=Vinmin~Vinmax

v Operat t vol 17 80~150MHz Voo=4.5~5.5V 20 MU

erating input volta =4,5~5. m

N [Operating input voltage 150~1000MHz ce —27 4

trwe Clock pulse width 4 10 . ~A
tsu(p) Data setup time 3 10 ~A
th(p) Data hold time 3 10 . y77.
t Enable setup time 2 20 A

SU(E) P Veo=4.5~5. 5V £
the) Enable hold time 2 20 A
tinT Enable data interval time 2,3 10 #A
tr Rising time 2,3,4 1 A
tf Falling time 2,3,4 1 ©A

:
|
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MS54965ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

TIMING DIAGRAM

7]
09 F ------ Vin
ENABLE SIGNAL J1.5\‘/’ 0%}
10% 0% ____
- Vi
tinr . tint v
DATA SIGNAL )(1.5v X%"o 0% "
10% 10% v
1‘1— tr ’H-
90% 0 e —————
CLOCK SIGNAL L5V 90% "‘
109 10% Y v
——e—-— ViL
tF‘WC " tf
tsu)  |thio) tuce)
- tsute)
APPLICATION EXAMPLE
5. 00,5V
—O0
+ ]
Bu ’1.71000P
F_!_‘E B E|
e
FROM CONTROLLER < O———p—1—{ 3] E_ 4 BAND TUNER
7
O T“E } Lo
== 1000P
—F] z B 12v
56P 2 o
—ir—| & B
C3J4MHz 4 1000P
H ° 14
30p BS1
————— {5 ] 13
= 3 BS2
BS3
BS 4

BT
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MITSUBISHI BIPOLAR DIGITAL ICs

M54967ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

DESCRIPTION

The M54967ASP is a semiconductor integrated circuit con-
sisting of an oxide-film separated ECL/I’L PLL frequency
synthesizer. A prescaler and PLL capable of operating at a
maximum frequency of 1. 0GHz are housed in a single chip.

FEATURES

® Built-in prescaler with input amplifier fmax=1. 0GHz
Serial data input

Fine tuning capability (62. 5kHz/step)

Built-in band output

5V single power supply

APPLICATION
TV and VTR tuners

FUNCTION

The M54967ASP is a PLL frequency synthesizer IC for TV
applications. The prescaler employs emitter-coupled logic ,
and the PLL, I?L. The maximum operating frequency of the
prescaler is 1.0GHz. The first stage is a fixed 1/8 2-
modulus prescaler and the second stage is a 1/32, 1/33 2-
modulus prescaler. The PLL consists of a 4MHz crystal
oscillator, a 9-bit reference frequency divider, a programm-
able divider (a 9-bit M counter and a 5-bit S counter), a
phase comparator, and a lock detector. Four band switch-
ing circuits are also provided.

PIN CONFIGURATION (TOP VIEW)

PACKAGE 20-PIN SHRINK DIP

LOCK/DIVISION
TEST INPUT TEST — E [20] = LD/t,y OUTPUT
CLOCK/
ENABLE INPUT REFERENCE
EN— IZ 19] ~+ CLK/free FREQUENCY

UTPUT
DATA INPUT DATA — E Voo 2UPRLY VOLTAGE

CLOCK INPUT GCLK — E
[£]
Xin = E

SUPPLY v 1
VOLTAGE

[15] + BIAS BIAS INPUT

dSV.96¥SN

e BAND SWITCHING
OSCILLATOR Xour +[7 —~BS1
outPUT PIN YT 14] OUTPUT

GND GND 8 —BS2 gﬁr;lrlg'ﬁ_WITCHlNG

PHASE
COMPARATOR
OUTPUT 2

BAND SWITCHING
[11]—Bs4 2D Y

PD2+[9]
PD 1+ [i0]

Outline 20P4B

BAND SWITCHING
= BS3 Gureut

PHASE
COMPARATOR
OUTPUT 1

BLOCK DIAGRAM

LD/fy  CLK/frer  Voc 2

@ ®-

| ——-[ 1/32, 1/33 k——h/s
L

DECODER/DRIVER

9 BIT MAIN COUNTER

Il v

5 BIT SWALLOW COUNTER

18 BIT DATA LATCH

PHASE DETECTOR

18 BIT
SHIFT REGISTER

GND NC

I
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MITSUBISHI BIPOLAR DIGITAL ICs

M54967ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

PIN DESCRIPTION

Pin number Symbol Pin name Functional description
5 Veel (HIL) | Supply voltage 1 (12L) Prescaler supply voltage pin 5.040.5V is applied
18 Vec2 (ECL) | Supply voltage 2 (ECL) 1oL supply voltage pin 5.04-0.5V 1s applied
8 GND 1 (liL)| GND 1 (12L) Connect to 0V
16 GND2(ECL) | GND 2 (ECL) Connect to OV
6 Xin Crystal oscillator output pin 4.0MHz crystal oscillator is connected
7 Xour
17 fin Prescaler input pin Prescaler input pin, V. C. O frequency Is applied.
15 BIAS Bias pin Prescaler bias pin, capacitance of 1000pF is inserted between GND and this
pin
I t high, 15- he sh ter Wh
2 ENABLE | Enable mnput Normally set low When high bit data 1s read into the shift register en
1t drops from high to low, contents of the shift register are read into the latch
4 CLOCK | Clock input Data I1s read into the shift register at the falling edge of clock signal
3 DATA Data input Programmable divider division setting input
When the TEST input i1s low, the 400kHz clock frequency (CLK) is output
hen TEST 1s high, th f h fer-
19 CLK/frer| Clock/reference frequency output When TEST is high, the reference frequency output frer 1s output The refer.
ence frequency is 7. 8125kHz
(Open-collector output)
When the TEST input is low, the lock detector output (LD) 1s selected , when
TEST is high, the programmable divider output (f 1/N) 1s selected The lock
20 LD/fin Lock detector/division output detector output 1s normally high and becomes low for a period correspond-
ing to the phase difference between fger and f 1/N
(Open collector output)
This pin 1s used for testing and is normally set low When set high, fger and f
1 TEST TEST input 1/N outputs are selected for CLK/frgr and LD/f 1/N, and the phase compa-
rator output enters the high-impedance state.
10 PD 1 Phase comparator output 1 When the phase programmable divider output (f 1/N) 1s advanced with re-
spect to the reference frequency (free), this output becomes high, and when
9 PD 2 Phase comparator output 2 the programmable divider output 1s delayed, it becomes low When the two
are In sync, this output enters the high-impedance state
14 BS1 Band switching output pin Open-collector outputs are used at all four band switching output pins When
13 BS 2 the band switching data i1s high, the output 1s ON, and when low, the output
12 BS3 is OFF
n BS 4

MITSUBISHI 3
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MITSUBISHI BIPOLAR DIGITAL ICs

M54967ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

How to set the dividing ratio of programmable divider and
band switching output

The output is read into the latch at the falling edge of en-
able signal, as shown below.

N READ INTO LATCH

ENABLE SIGNAL _/ ~

BS1BS2BS3BS4 282 27 25 25 20 3 22 ' 0 gt 3 g2 gl 0

DATA SIGNAL

:1 STBIT 47TH BIT:STH BIT 13TH BIT:14 TH BIT 18 TH BITI
| | ' l
I | I |
| | |

CLOCK SIGNAL

|
BAND SWITCHIN
I BATA ™G 1 M COUNTER DIVISION SETTING | s counter pwision |

L J , SETTING J

= >t e

Total division N is given by the following formulas in addition to the prescaler used in the previous stage

N= 8 (32M+S) M ! 9-bit main counter division

S ! 5-bit swallow counter division

The M and S counters are binary and the possible ranges
. of division are as follows.

32<M<5I11

083

Therefore, the range of divisors N is 8,64, and 131~192.
The tuning frequency fyco is given in the following equa-
tions.
fvco=Ffrer XN

=7.8125X8 (32M+S)

=62.5 (32M—+S) (kHz)
Therefore, the range of tuning frequency is 64MHz —
1000MHz.

CRYSTAL OSCILLATOR CONNECTION DIAGRAM

CRYSTAL OSCILLATOR CHARACTERISTICS

Xout Xin
4,0MHz

Actual resistance : less than 50Q
Load capacitance : 20pF

30pF

l 56pF

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54967ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

ABSOLUTE MAXIMUM RATINGS (Ta=—25~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage 6.5 \"
Vi Input voltage Do not exceed supply voltage (Vcc) 6.5 v
Vo 1 Output voltage (1) Do not exceed PD output supply voltage 5.5 \"
Vo2 Output voltage (2) Do not exceed output supply voltage (Vcc) 6.5 v

other than mentioned above
vBD Output withstanding voltage Band switching switch 13.5 \

Pd Power dissipation 650 mw
Topr Operating temperature —20~+475 c
Tstg Storage temperature —40~+-125 C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)
Symbol Parameter Test pin Conditions Limits Unit
Vece Supply voltage 4,.5~5.5 \"
fopr 1 Operating frequency (1) Crystal oscillator 4.0 MHz
fopr 2 Operating frequency (2) fin 80~1000 MHz
loL Low-level output current ;2 0~5 mA
n
12

IBDL Low-level band output current 13 0~1 mA
14

ELECTRICAL CHARACTERISTICS (Ta=—20~75%, unless otherwise noted)
Symbol Parameter - Test conditions Limits Unit
Test pin Min Typ Max

Vin High-level input voltage 1,2,3,4 2.0 Voct.3 v

Vi Low-level input voltage 1,2,3,4 0.7 \"

[ High-level input current 1 1,2,3,4 | Vgc=5.5V, Vi=2.7V 50 uA
L 1 Low-level input current 1 1,2,3,4 | Vge=5.5V, V,=0.4V —100 | —200 A
I 2 | Low-level input current 2 2 Vee=5.5V, V,=0.4Vv —550 | —900 A
lic Input clamp voltage 1,2,3,4 Vec=4.5V, Vic=1.0mA —1.3 | —1.8 \%
Vou High-level output voltage | PD output 10 Vee=4.5V, loy=—1.0mA 2.5 3.0 \
Vo 1 Low-level output voltage PD output 10 Vee=4.5V, lo,=—1.0mA 0.2 0.4 Y
VoL 2 Other than above | 19,20 Vee=4. 5V, lo,=5mA 0.3 0.5 \
lowk 1 Output leakage current PD output 10 Vce=5. 5V, Vo=0.5~4. 8V —1.0 +1.0 uA
lowk 2 Other than above | 19,20 Vee=5. 5V, Vo=5.5V —10 —+10 A
lcc Supply current 5,18 Vee=5.5V 70 100 mA

Typical values are at Voc=>5. 0V, Ta=25T.
SWITCHING CHARACTERISTICS (Ta=—20~75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Test pin Min Typ Max
Vee=4.5~5.5V
fopr Prescaler operating frequency 17 _ 80 1000 \"
Vin=Vinmin~Vinmax
Vin Operating input voltage 17 80~150MHz Vec=4.5~5.5V —20 4 dBm
150~1000MHz —27 4

tewe Clock pulse width 4 10 A
tsu(p) Data setup time 3 10 rA
th(p) Data hold time 3 10 nA
tsuce) Enable setup‘time 2 Voo=4. 5~5.5V 20 A
tue) Enable hold time 2 20 A
tinT Enable data interval time 2,3 10 #A
ty Rising time 2,3,4 1 J77.
tf Falling time 2,3,4 1 A
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(MITSUBISHI BIPOLAR DIGITAL ICs

M54967ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

TIMING DIAGRAM

tr

T
s i7s | Rty Viu
ENABLE SIGNAL toud 13V 0% ____y.
tinT tint -V
0% 0% "
DATA SIGNAL )(1.5v
10% 10% -V
tr
90% 90% o
0 “
CLOCK SIGNAL 1 TEVOO ﬂ h 10% / )t v
- [N
tewe tr tf
tsuo)  |thio) tue
tsuce)
APPLICATION EXAMPLE
5.0%0,5V
I 1.0
3Bu ,I., J; 1000P
CUBEENERIN i
o
FROM CONTROLLER { O————————{3 (18 ]— 4 BAND TUNER
el
o—" ] 0
it z 1000P
—=] g 16 12v
56P 8 @)
N
——F] % e} |
=3 4MHz < 1000P
_/H’\l____E 14
30P ' BS1
{5 13 |———{| - BS 2
~ T
——¢] 12 BS3
10 11
1] :—— BS4

BT
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(

MITSUBISHI BIPOLAR DIGITAL ICs

M54968ASP

DESCRIPTION

The M54968ASP is a semiconductor integrated circuit con-
sisting of an oxide-film separated ECL/I’L PLL frequency
synthesizer. A prescaler and PLL capable of operating at a
maximum frequency at 1. 0GHz are housed in a single chip.

FEATURES

® Built-in prescaler with input amplifier fmax=1. 0GHz
Serial data input

Fine tuning capability (50KHz/step)

Built-in band output

5V single power supply

APPLICATION
TV and VTR tuners

FUNCTION

The M54968ASP is a PLL frequency synthesizer IC for TV
applications. The prescaler employs emitter-coupled logic
and the PLL, I2L. The maximum operating frequency of the
prescaler is 1.0GHz. The first stage is a fixed 1/8 2-
modulus prescaler and the second stage is a 1/32, 1/33 2-
modulus prescaler. The PLL consists of a 4MHz crystal
oscillator, a 9-bit reference frequency divider, a programm-
able divider (a 10-bit M counter and a 5-bit S counter), a
phase comparator, and a lock detector. Four band switch-
ing circuits are also provided.

PIN CONFIGURATION (TOP VIEW)

PAGKAGE 20-PIN SHRINK DIP
TEST INPUT TEST — 1]
eN—[2]
DATA INPUT DATA — [3]
CLOCK INPUT  GLK — E
SUPPLY VOLTAGE Voc 1 [5]
Xin— E
Cc)gCIsLLATOR Xour +[7]

OUTPUT P

&b aND [2]

ComparaToR PD 2+ [5]
OUTPUT 2
PD 1+ [i0]

Outline 20P4B

LOCK/DIVISION
20| — LD/f,y OUTPUT

cLOCK/
18] - CLK/teer FREQUENGY

OUTPUT
j Voc 2 SUPPLY VOLTAGE|

ENABLE INPUT

E“fw PRESCALER INPUT
16] GND GND

15| «+ BIAS BIAS INPUT

BAND SWITCHING
:| — BS 1 QutPUT

:l_. BS 2 BAND SWITCHING

j —BS3 S‘A#D SWITCHING

BAND SWITCHING
:l = BS4 5yteuT

dSV8961¥SIN

PHASE
COMPARATOR
OUTPUT 1

BLOCK DIAGRAM

LD/fw  CLK/frgr  Vec 2 fin

1/32,1/33

BIAS BS1 BS2 BS3 BS

B S S D R S

'???*F

DECODER/DRIVER

10 BIT MAIN COUNTER

5 BIT SWALLOW COUNTER

) 19 BIT DATA LATCH

PHASE DETECTOR

E |

19 BIT
SHIFT REGISTER

o ¢ ]

Xin Xout GND NC
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MITSUBISHI BIPOLAR DIGITAL ICs

M54968ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

PIN DESCRIPTION

Pin number Symbol Pin name Functional description
5 Vee1 (IIL) | Supply voltage 1 (I2L) Prescaler supply voltage pin 5.04-0.5V is applied
18 Vo2 (ECL) | Supply voltage 2 (ECL) 12L supply voltage pin 5.040.5V 1s applied
8 GND 1 (IIL)| GND 1 (1L) Connect to OV
16 GND2(ECL) | GND 2 (ECL) Connect to OV
6 Xin Crystal oscillator output pin 4. 0MHz crystal oscillator is connected.
8 Xour
17 fin Prescaler input pin Prescaler input pin, V, C, O frequency is applied
15 BIAS Bias pin Pr ler bias pin, capacitance of 1000pF is inserted between GND and this
pin
Normally set low. When high, 15-bit data Is read into the shift register When
2 ENABLE | Enable input it drops from high to low, the contents of the shift registers are read into the
latch
4 CLOCK | Clock input Data is read into the shift register at the falling edge of the clock signal
3 DATA Data input Programmable divider division setting input
When the TEST input is low, the 400kHz clock frequency (CLK) is output.
When TEST 1s high, the reference frequency output frer 1s output. The refer-
19 Clock/refer fi ncy output
CLK/frer) Clock/reference frequency outpu ence frequency is 6. 25kHz.
(Open-collector output)
When the TEST input is low, the lock detector output (LD) I1s selected , when
TEST 1s high, the programmable divider output (f 1/N) is selected The lock
20 LD/fin Lock detector/division output detector output is normally high and becomes low for a period correspond-
ing to the phase different between fgee and f 1/N
(Open collector output)
This pin 1s used for testing and is normally set low. When set high, fger and f
1 TEST TEST input 1/N outputs are selected for CLK/frer and LD/f 1/N, and the phase compa-
rator output enters the high-impedance state
10 PD1 Phase comparator output 1 When the phase programmable divider output (f 1/N) is advanced with re-
spect to the reference frequency (frer), this output becomes high, it becom-
9 PD 2 Phase comparator output 2 es low. When the two are in sync, this output enters the high-impedance
state.
14 BS1 Band switching output pin Open-collector output are used at all four band switching output pin When
13 BS 2 the band switching data i1s high, the output is ON, and when low, the output
12 BS3 is OFF.
1" BS 4
2510 * “MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54968ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

How to set the division of programmable divider and select
the band switching output

The output is read into the latch at the falling edge of en-
able signal, as shown below.

READ INTO LATCH

ENABLE SIGNAL _/ \

BS1BS2BS3BS4 2° 28 27 28 25 0 22 22 2 0 ' ¥ 2 2 P

DATA SIGNAL
|
:1 STBIT  4TH BIT: 5TH BIT 14TH BIT: 1STHBIT  19THBIT!
| | | |
CLOCK SIGNAL l |
l | |
wITCANG paTa | M COUNTER DIVISION SETTING | S COUNTER DIVISION |
r= —J; ‘|l< —3=
Total divisor N is given by the following formulas in addition to the prescaler used in the previous stage.
N= 8 (32M+S) ) M : 10-bit main counter division

S : 5-bit swallow counter division

The M and S counters are binary and the possible ranges
of division are as follows.

2=M=<1023

0=8S=<31

The range of diviors N is 8, 136 and 192~262.
The tuning frequency fyco is given in the following equa-
tions.
fvco=frer XN

=6.25X8 (32M+S)

=50 (32M+S) (kHz)
Therefore, the range of tuning frequencies is 51.2MHz —
1000MHz.

CRYSTAL OSCILLATOR CONNECTION DIAGRAM

’ CRYSTAL OSCILLATOR CHARACTERISTICS

X X
our ™ Actual resistance : less than 50Q

Load capacitance : 20pF

30pF
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MITSUBISHI BIPOLAR DIGITAL ICs

M54968ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

ABSOLUTE MAXIMUM RATINGS (Ta=—25~+75%C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage 6.5 \
\| Input voltage Do not exceed supply voltage (Vcc) 6.5 Y
Vo1 Output voltage (1) Do not exceed PD output supply voltage 5.5 \%
Vo 2 Output voltage 2) Do not exceed output supply voltage (V¢c) 6.5 v

other than mentioned above

VBD Output withstanding voltage Band switching switch 13.5 \'
Pd Power dissipation 650 mw
Topr Operating temperature —20~-475 ‘C
Tstg Storage temperature —40~+4125 ‘C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Test pin Conditions Limits Unit
Vee Supply voltage . 4.5~5.5 \%
fopr 1 Operating frequency (1) Crystal oscillator 4.0 MHz
fopr 2 Operating frequency (2) fin 80~1000 MHz
loL Low-level output current ;g 0~5 mA

"
12
IBDL Low-level band output current 13 0~2 mA
14
ELECTRICAL CHARACTERISTICS (1a=—20~75T, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Test pin Min Typ Max

Vi High-level input\voltage 1,2,3,4 2.0 Voct0.3 v
ViL Low-level input voltage 1,2,3,4 0.7 \"
hn High-level input current 1 1,2,3,4 | Vec=b5.5V, Vi=2.7V 50 A
et Low-level input current 1 1,2,3,4 | Vge=b5.5V, V;=0.4V —100 | —200 uA
he 2 Low-level input current 2 2 Vec=5.5V, V|=0.4V —550 | —900 A
he Input clamp voltage 1,2,3,4 | Vgc=4.5V, Vic=1.0mA —1.3 | —1.8 \%
Vou High-ievel output voltage | PD output 10 Vee=4.5V, loy=—1.0mA 2.5 3.0 \%
Voo 1 PD output 10 Vec=4.5V, lo,=—1.0mA 0.2 0.4 v

————1 Low-level output voltage

VoL 2 Other than above | 19,20 Vee=4.5V, lo,=5mA 0.3 0.5 \

lowk 1 PD output 10 Vee=5.5V, Vo=0.5~4.8V —1.0 +1.0 uA
Output leakage current
lowk 2 Other than above | 19,20 Vee=5. 5V, Vo=5.5V —10 +10 #A
lcc Supply current 5,18 Voe=5.5V ) 70 100 mA
Typical values are at Voe=5.0V, Tg=25C.
SWITCHING CHARACTERISTICS (Ta=—20~75C, unless otherwise noted)
Symbol Parameter Test conditions - Limits - Unit
Test pin Min Typ Max
Vee=4.5~5.5V
fopr Prescaler operating frequency 17 . 80 1000 \"
Vin=Vinmin~Vinmax :

Vin Operating Input voltage 17 122::2334:; Vee=4.5~5.5V :zg : dBm
tewe Clock pulse width 4 10 #A
tsu(p) Data setup time 3 10 HA
th(p) Data hold time 3 10 #A
tsu(e) Enable setup time 2 Veom=4.5~5.5V 20 MA
thue) Enable hold time 2 20 A
tinT Enable data interval time 2,3 . 10 A
tr Rising time 2,3,4 1 A
tf Falling time 2,3,4 1 uA

N
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MITSUBISHI BIPOLAR DIGITAL ICs

M54968ASP

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR

TIMING DIAGRAM

t

—

------- Vv

90% 96%1 H
ENABLE SIGNAL X

100 %V 10% v
w

tint tint v
- Vi

DATA SIGNAL )(1 5V 0% 90%

10 10% Vi

tr

[} T[T

———V,

4 BAND TUNER

Lo

BS1

BS2

BS3

90% 904
CLOCK SIGNAL 15V %
L 109 10%
tewe tr t
tsuo)  |thio) tue)
tsuce)
APPLICATION EXAMPLE
5,00, 5V
I 1.0
33 ;4;‘; J;woop
*
FROM CONTROLLER { O——g——+t—{3 15—
&
O——=+1{] A )
. & = 1000P
——E 3 16 12v
56P g ®)
—A———5] > 5}
3 3.2MHz 2 1000P
S i SR 14
30p
—___E 13
becd [
10 1 I——'a

BS4

BT

+—iH
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MITSUBISHI BIPOLAR DIGITAL ICs

M54970P

9-BIT SERIAL-INPUT,LATCHED DRIVER

DESCRIPTION

The M54970P is a semiconductor integrated circuit of 12L
structure containing a serial input to serial/parallel output 9-
bit shift register and latch as well as a bipolar 9-bit para-
llel-output driver.

FEATURES

® Serial input to serial/parallel output

® Cascade connections possible through serial output

® Enable input for output control

® Power-cut input

® Driver . Withstand voltage ----+«»=+s=sseeeeeees BVceo=20V
Large drive current:-«:------eee (lo(max)=300mA)

® Wide operating temperature range - Ta=—20~+475C

APPLICATION
Thermal printer head dot driver, Serial-to-parallel conver-
sion, Relay and Solenoid driver

FUNCTION

The M54970P consists of a 9bit D-type flip-flop, the output
of which is connected to 9 latches.

When data is applied to the serial data input (S-IN) and a
clock pulse is applied to clock input (T), an “L” to “H”
change of the clock will cause the data input signals to en-
ter the internal shift registers and the data in the shift regis-
ters will be shifted in order.

Using a number of M54970P units for bit expansion in

PIN CONFIGURATION (TOP VIEW)

POWER-CUT INPUT pC — [1: ~ 18]~ EN  ENABLE INPUT
LATCH INPUT LATCH — E [17]- T crock nput
SERIAL OUTPUTS-OUT « [3] [16] - s-IN SERIAL DATA
vee [ & [E ono
eno [5| 8 [[@-o7
o] S [@-02
paratet,| 08+ [Z 1203 | "E0Rets
ouTPUTS | 57 o 3] 1] - o4
06— [3] 0] - 55

Outline 18P4

series will entail connecting serial output (S-OUT) to S-IN
of the next-stage M54970P.

In parallel output, when the power-cut input and latch input
are set to “H” and the output-control input (enable input
EN) is “H”, a clock pulse changing from “L” to “H" will
cause the serial data input signal to appear at output 01,
and the data will be shifted in order at outputs 02~09.

The parallel output will yield a signal that is inverted with
respect to the serial data input. '

BLOCK DIAGRAM

2—514
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MITSUBISHI BIPOLAR DIGITAL ICs

M54970P

9-BIT SERIAL-INPUT,LATCHED DRIVER

Setting the LATCH input to “L” will prevent data from enter-
ing the latch.

When the EN input is set to “L”, all outputs (01~09) will be
set to OFF. Since the internal logic state of the IC is uncer-
tain at power-on time, set the EN input to “L” (and outputs
01~09 will be set to OFF) until the input data is set and

TIMING CHART

the internal logic state has been detrmined.

The power will be cut when the power-cut input is set to
“L”, and since the data of the shift registers and latches are
not maintained in this state, it will be necessary to input
data again in order to set the output following a change of
PC input from “L” to “H".

AN

e _J | I R
S-IN J L J L L1 1
T T T IR (TRRRAN
LATCH 1 T | |
EN o —nJ
of L g — VZL
@ |8 S - VZZZ
o3 U1 VZ
04 u LJ L
0 u | S | A
% u —J u L
o7 uUu 1 u A
o U VZL
® |4 . V2L
sour Yz | L] N V.

*The state of the shaded areas is uncertain.
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MITSUBISHI BIPOLAR DIGITAL ICs

M54970P

9-BIT SERIAL-INPUT,.LATCHED DRIVER

INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS

1 I T, S-IN, LATCH INPUTS 2 |Pc, EN INPUTS

30K

20K
GND

3 | 01~09 OUTPUTS 4 | S-OUT OUTPUT

Vee

l: ’ 10K

GND - %
GND
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54970P

9-BIT SERIAL-INPUT,LATCHED DRIVER

ABSOLUTE MAXIMUM RATINGS (Ta=—20C~+75%, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+8 \'
vV, Input voltage —0.5~+10 \"
Vo Output voltage Output is OFF —0.5~+20 \'
lo Output current 350 mA
Pd Power dissipation Ta=25C 1.25 wW
Topr Operating temperature —20~+75 ‘Cc
Tstg Storage temperature —55~+4125 ‘c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%, unless otherwise noted)
Limits
Symbol Parameter Conditions - Unit
Min Typ Max
Vee Supply voltage 4.5 5.0 5.5 \"
Vo Applied output voltage When output is OFF 20 \
All outputs ON simultaneously
I Output t ircuit 300 mA
o utput current (per circuit) Duty cycle less than 30%
ELECTRICAL CHARACTERISTICS (Ta=+25¢C, unless otherwise noted)
Limits
Symbol Parameter - Test conditions - - Unit
Test pin Min Typ Max
Vin High-level input voltage 2.2 Vee \
2,16,17| Tag=—20~+75C
Viu Low-level input voltage a 0 0.8 \"
High-I\ | input voll 2. \"
Vi gh-level Input voltage 1,18 | Ta=—20~+75C 2 Veo
" Low-level input voltage 0 0.8 v

hn High-level input current 2.16.17 Vee=5.5V, Vin=2.4V 10 #A

L Low-level input current r Vee=5.5V, Vi =0.4V —50 uA
Vec=5.5V, Viy=5.5V 250

| High-| | input t A

“ gn-ievel input curren 1,18 [ Voo=5.5V, Vp=2.4v 100 | “
L Low-level input current Vee=5.5V, V, ,=0V -—10 #A
Vou High-level output voltage 3 Veo=4.5V, lon=—400zA 2.4 \
VoL Low-level output voltage Vee=4.5V, lo,.=8mA 0.4 \'
VoL Low-level output voltage 6~14 | Voc=4.5V, 1o,=300mA 0.6 \"
lect Vec=5.5V, power-cut is ON 10 #A
lcc2 Supply current 4 Vee=5.5V, EN is “L" 10 15 mA
lccs Vee=5.5V, all outputs are ON 90 130 mA
locleak) | Output leakage current 6~14 | Voc=5.5V, Vou=20V 100 A

* ! Typical values are at T = 25CC.
) MITSUBISHI 2—517
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MITSUBISHI BIPOLAR DIGITAL ICs

M54970P

9-BIT SERIAL-INPUT,LATCHED DRIVER

REQUIRED TIMING CONDITIONS (Ta=—20~+75C, unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
. Min Typ Max
f(m) Clock frequency Input duty cycle 40~60% 1 MHz
tw(m) Clock pulse width 0.4 #S
tw(L) Latch pulse width 0.4 »S
tsu Data setup time 0.2 #S
th Data hold time 0.3 1S
td(r-u) Clock-latch time 1 “S
trem) Clock pulse rise time 0.5 H#S
te(r) Clock pulse fall time 0.5 #S
Hold EN input at “L” when PC
td(p-sn) Power-cut input — data input setting tiwe . 2 S
M input is changed from “L” to “H”

TIMING DIAGRAM

POWER-CUT INPUT PC

td(psi)

—_————————

1.5v

DATA INPUT S-IN 1.5V {15y
7 \
e e et
tsy th

CLOCK INPUT T

trn

tderv
LATCH INPUT  LATCH 7 1.5v 1.5V
twiv)
— MITSUBISHI

ELECTRIC



MITSUBISHI BIPOLAR DIGITAL ICs

M54970P

9-BIT SERIAL-INPUT,LATCHED DRIVER

SWITCHING CHARACTERISTICS (Ta=25C, Vco=5V)

Symbol Pa ter Conditions Limits Unit
ym ramete! i in Tvo Vax
Low to high-level output propagation time
toLn 0.7 uS
(Input T to output S-OUT)
High to low-level output propagation time
tone 9 put propag Vii=3V 0.8 | uS
(input T to output S-OUT) V=0V
=
Low to high-level output propagation time
ten M output propag AL : S-our=2KQ 5 | us
(Input T to output Oy) i
RL : ON=100Q0
High to low-level output propagation time
tenL — (N=1~9) 1 uS
(Input T to output Oy) Coml5F
L=15p
Low to high-level output propagation time
t, — Note 1 10 S
PLH (Input EN to output Oy) (Note ) “
t High to low-level output prop ion time 1 s
PHL (Input EN to output Oy) “
(Note 1) TEST CIRCUIT
Vee
Q
INPUT
Ru
ELEMENT Input waveform is taken as ty=<50ns and t{<50ns
PG UNDER O OUTPUT .
TEST _J_
500 :LCL
TIMING DIAGRAM
T i 1.5V 1.5v
teLn tenL
S-OUT 1.5V 1.5V
EN
teLn
On 1.5V
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54970P

9-BIT SERIAL-INPUT,LATCHED DRIVER

TYPICAL CHARACTERISTICS

DUTY CYCLE VS PERMISSIBIE

THERMAL DERATING OUTPUT CURRENT

1.5 400
: z
< \g 300 ‘\\‘\\ g~®
1.0 =
~N
) 5 Neo
'B‘: & 200
a <
3 3
S os 5 « Ta=25¢C
4 N 2 - @ N <
w @ 00| ° RePetition frequency >10Hz
3 5 |-« Numbers in O indicate the number{—
8 o of output circuits that operate
|- simultaneously. ——+—+
0 o] ° Current values are per circluitA
0 25 50 75 100 0 20 40 60 80 100
AMBIENT TEMPERATURE Ta(C) DUTY CYCLE (%)
DUTY CYCLE VS PERMISSIBLE
OUTPUT CURRENT
400
<
£
\g 300 < < ®~0®
& N ~ ~J
. \ \\\ N @
& 200 SNNAE
o ~
8 \\\\\\ g
5 |eTa=s5C NI
& q00] Repetition frequency >10Hz Yo
=3 L« Numbers in O indicate the number|—]
o of output circuits that operate |
| simuitaneously. —]
ol® (jurrqnt vglues. are per circyit. | |
0 20 40 60 80 100
DUTY CYCLE (%)
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BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

MITSUBISHI BIPOLAR DIGITAL ICs

MS54972P

DESCRIPTION
The M54972P is a semiconductor integrated circuit consist-
ing of eight stages of CMOS shift registers and latches with
serial inputs and serial or parallel outputs. It is based on Bi-
CMOS process technology, and has eight bipolar drivers at
the parallel outputs.

FEATURES

® Serial input and serial or parallel output

Serial output enables cascade connection

Built-in latch for each stage

Enable input provides output control

Low supply current (standby current Igc < 10uA)
Serial 1/0 level is compatible with typical CMOS
drvices

Driver features : High withstand voltage (BVceo = 30V)
Capable of large drive currents (1o (max) =300mA)
Low output saturation voltage Vo, <0.6V at 1oc=300mA
® Wide operating temperrature range Ta=—20~+75C

APPLICATION
Dot drivers for thermal print heads. Serial/parallel conver-
sion. Drivers for relays and solenoids.

FUNCTION

The M54972P consists of eight stages of D-type flip flops
connected to eight latches.

Data is input to serial input S-IN, and clock pulses are input
to clock input T. When the clock changes from low to high,
the input data enters the first shift register and data already
in the shift registers is shifted sequentially.

The serial output S-OUT is used to connect multiple
M54972Ps to expand the number of parallel outputs. S-OUT
is connected to S-IN of the next stage.

PIN CONFIGURATION (TOP VIEW)

clock  T—[1] 6] — O1

SERIAL DATA INPUT  S-IN — E Zs]—- 02

GND OF LOGIC . —

CIRCUIT L-GND E z E" o3
POWER SUPPLY Voo  [4] g [13] — 4 | paRaLLEL

& —_(ouTPUT

SERIAL OUTPUT S-OUT « E N E—' f

LaTcH INPUTLATCH —[6] O 1] - 06

ENABLE INPUT E_N—-E 0] - 67

GND OF DRIVER 58

CIRCUIT P-GND |8 5] 08

Outline 16P4

For parallel output. When the clock pulse changes from low
to high, latch input (LATCH) is high and output enable input
(EN) is low the serial input data at S-IN appears at output
O1 and the other data already present is shifted sequen-
tially to outputs O2 through O8.

The parallel outputs are inverted.

When the latch input is held low, the latch retains the
stored data.

When the EN input is high, outputs O1 through O8 all turn
off. As the internal logic is unstable when the power is
turned on, the EN mput should be kept high (setting out-
puts O1 through O8 off) until input data is set and the inter-
nal logic is initialized.

L-GND is the GND of CMOS logic circuit and P-GND is the
GND of output driver circuits O1 through’O8 which employ
bipolar transistors capable of large drive currents.

BLOCK DIAGRAM

PARALLEL OUTPUT

2 o3

(9

POWER SUPPLY Vee

/N
()

o7

GND OF DRIVER
(® P-GND gipcuiT

ENABLE INPUT

LATCH INPUT  LatcH (6)

SERIAL DATA INPUT  S-IN

S-OUT SERIAL OUTPUT

D Q
T

CLOCK T

L-GND
GND OF LOGIC CIRCUIT
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MITSUBISHI BIPOLAR DIGITAL ICs

M54972P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

TIMING CHART

SERALINPUT SN T | I W I U I
cLock T 10 1 i 1l TN TRETNIN

LATCH INPUT  LATCH | ] |
ENABLEINPUT  EN u U J | I I
o1 U | T (S
o2 U u L L
03 u U u L
04 u U UL
PARALLEL OUTPUTS
o5 U U I
% B Y Y I S I U
o7 1] u —]
o8 u u ]
seraLoutPuts  sout ZZZZZZA T | 1 gy
% The shaded area shows the unstable state.
VO CIRCUIT
_1__| Input with a pull-up resistor Veo _ﬁ__llnput with a pull-down resistory,__
(EN, LATCH) (T, S-IN)

Rin 2

vV

ND L-GND

_3_] Serial output Voo ,__i_.l Parallel output
(s-ouT) (01~08) __
|
|
|
z !
P-GND *'
L-GND \ L-GND__ _ _ _ _ O
2—522 MITSUBISHI

ELECTRIC



MITSUBISHI BIPOLAR DIGITAL ICs

M54972P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75%C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Veo Supply voitage —0.5~-+8 \%
vV, Input voltage —0.5~ Vgc +0.5 \

S-0uUT —0.5~ Vgc +0.5
Vo Output voltage 'O1~08 Transistor off —0. 5:-o|-30 v
lo Output current 'O1~08 Transistor on 300 mA

Pd Power dissipation Ta=25C 1.25 w
Topr Operating temperrature —20~+75 ‘c
Tstg Storage temperature —b55~-4-125 C

RECOMMENDED OPERATING

CONDITIONS (T4=—20~+75C, unless otherwise noted)

Limits
Symbol Parameter Conditions - Unit
Min Typ Max
Vece Supply voltage 4 5 6 v
Vo Applied output voltage O1~08 Transistor off 30 v
O1~08 All outputs on .
P 200 mA
. Duty cycle 70% max
lo Output current per circuit ——
O1~08 All outputs on
. 300 mA
Duty cycle 35% max
ELECTRICAL CHARACTERISTICS (Ta=+25C, Voc=5V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
V High-level input voltage 0.7V V, \
- piEeL Do Ta=—20~+75C oc oo
Vie Low-level input voltage 0 0. 3Vce \"
hi High-level input current Viu=5V 100 #A
I Low-level input gurrent Vi =0v —100 uA
Rin Input resistance 50 kQ
Vou High-level output voltage | S-OUT output o | <1 A 4.9 \"
VoL Low-level output voltage | S-OUT output ol =1H 0.1 A\
lon High-level output current | S-OUT output Vou =4.5V —100 uA
loL Low-level output current | S-OUT output VoL =0.4V 400 nA
Vou1 lo, =100mA 0.4 V]
Vourz Low-level output voltage | Parallel output lo =200mA 0.5 \"
Vora ) loL =300mA 0.6 \%
lok Output leakage current Parallel output Vo =30V 50 A
lcc Input release all driver output off 10 ~A
Supply current N
lcc2 One driver output circuit on 7.5 mA
TIMING REQUIREMENTS (T,=—20~+75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions i Tvo Vo Unit
fm) Clock frequency Input duty cycle 40~60% 2 MHz
twn Clock pulse width - 200 ns
tw(L) Latch pulse width 200 ns
tsu Data setup tune 100 ns
th Data hold time 100 ns
td(T-u) Clock-latch time 400 . ns
tr(m) Rising edge of clock pulse 500 ns
tir) Falling edge of clock pulse 500 ns
MITSUBISHI 2—523
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MITSUBISHI BIPOLAR DIGITAL ICs

M54972P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

TIMING DIAGRAM

[ e e o ————-

SERIAL DATA INPUT S-IN . 2.5V ; 2.5v
| VR ——
tsu th
¥ 1
CLOCK T
trm tm)
tder-0)
LATCH INPUT LATCH ] 2.5V 2.5V
twiw)
SWITCHING CHARACTERISTICS (1a=25C, Voo=5V, uniess otherwise noted)
Symbol Paramet Test condit Lumits Unit
st conditions
ymbol arameter e o Tvo Vo
Low-to-high-level output propagation time
toun 9 put propag 0.3 us
From input T to output S-OUT
High-to-low-level output propagation time
tor an-t Put propag Vih=5V ~ 0.3 us
From input T to output S-OUT Vi =0V
=
Low-to-high-level output propagation time
teLn From n| ugt T to output Oy Ru(S-oun=c0 10 “s
High-t pl level pl :N tion t Ru(On)=1000 /
igh-to-low-level output propagation time
tonL 9 put propag (N=1~8) 5 us
From input T to output Oy CL=15pF
Low-to-high-level output propagation time -
teLn — — 10 u“s
From input EN to output Oy
High-to-low-level output propagation ttme
tenL = — 5 us
From input EN to output Oy
TEST CIRCUIT Voo
(o]
INPUT
Re
PG DUT OUTPUT
500 Cu
* The input waveform has the characteristics of ty < 20ns t; < 20ns

* The capacitance Cy includes stray wiring capacitance and probe input capacitance

TIMING DIAGRAM

2.5v .5V
CLOCK T _j 25

teLn teHL

p 2.5V 2.5V
SERIAL QUTPUT S-OUT ——

ENABLE INPUT EN

teLn

OUTPUT On i 2.5v

_ : MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54972P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

TYPICAL CHARACTERISTICS

ALLOWABLE AVERAGE ALLOWABLE OUTPUT CURRENT AS
POWER DISSIPATION A FUNCTION OF DUTY CYCLE
1.5 400
o —
: E
- E 300 O~®
g2 o \ @
m‘_;‘ 0 N = ®
58 € 20
EE 3
< 6]
u & 5
D305 2
20 5 100t
9 o . ;:pszﬁv%(:,:c?uesgy 2 10Hz
] * The circled numbers indicate the number
< of outputs conducting simultaneously
0 » The curient value p‘er output ishown
%0 25 50 75 100 0 20 40 60 80 100
AMBIENT TEMPERATURE T4 (C) DUTY CYCLE (%)
ALLOWABLE OUTPUT CURRENT AS
A FUNCTION OF DUTY CYCLE
400
E
- \§t N g@
= \\
& k ©
g 200 ~—°
g
o
8
5 100} Ta=75%C, Veo=6V
Ie) - Repetive frequency = 10Hz
* The circled numbers indicate the number
of outputs conducting simultaneously
= The current value per output i1s shown
0020 4 & 8 100
DUTY CYCLE (%)
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54973P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

DESCRIPTION

The M54973P is a semiconductor integrated circuit consist-
ing of eight CMOS latches and bipolar output drivers pro-
duct by a Bi-CMOS process.

FEATURES

® Enable input provides output control

® Low supply current (standby current lgc < 10uA)

® Input level is compatible with typical CMOS

® Driver features : High withstand voltage (BVcgo = 30V)
Capable of large drive currents (lo (maxy =300mA)

® Wide operating temperrature range Ta=—20~+75T

APPLICATION

Dot driver for thermal print heads. Drivers for relays, and
solenoids.

FUNCTION

Data are applied to inputs IN1 through IN8. When the
LATCH input is set high, the data is latched as shown in
the truth table. A high-level signal applied to the RESET in-
put causes the latches to remain open (reset). When the
EN input is set low, high data stored in the latches turn on
the corresponding outputs and set them low.

When the LATCH and RESET inputs are both low, the latch
retains the stored data, irrespective of inputs IN1 through
IN8.

PIN CONFIGURATION (TOP VIEW)

RESET INPUT RESET— |1 ~ 2]+~ EN ENABLE INPUT
LATCH INPUT LATCH — E E Vee POWER SUPPLY
Nt —[3] 20] -+ o1
iN2— [4] [19] - 02
iN3 5] % 18] 03
PARALLEL N4 — [€] 9 [17]+ 04 | pamaLier
INPUTS ws—[7] 8 [@-os |ovrurs

IN6 — 8] [15] - 06

N7 —[9] 4] - 67

iNg — [i0] [13] - 6

OUTPUT POWER
ano i 2] Pveo guppiy
Outline 22P4

BLOCK DIAGRAM

PARALLEL OUTPUTS

POWER SUPPLY

Vee o1 02 03 04
-—(18)---(17
A

ENABLE INPUT

OUTPUT POWER SUPPLY
P-Vee

BN (@)

1
RESET INPUT RESET (1)

p—

' LATCH INPUT LATCH Q

(8 cmcuw LATCH)

————
e —— -

N4

l—g—o—u ® l—l—l OguORECaud

INS

IN6 IN7 IN8  GND

PARALLEL INPUTS
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MITSUBISHI BIPOLAR DIGITAL ICs

M54973P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

TRUTH TABLE

Inputs Outputs On

INn LATCH | RESET EN t-1 t
L H L L X H
H H L L X L
X X H X X H
X X X H X H
X L L L L L
X L L L H H

LOGIC DIAGRAM (ONE CIRCUIT)

L

EN
COMMON
BLOCK

/0 EQUIVALENT CIRCUIT

. 1
> |
=,
Q|
T,

|
1
|
|
'
[}
'
|
]
|
1
|
1
1
PRSI U S |

L = low level

H = high level

X = Irrelevant

t-1 = previous state

t = current state

Off state when output is high
On state when output is low

(h=1~8)

1 Ilnput circuit (INn, LATCH, RESET, EN)

Vee

F-

GND

2 I Output circuit (parallel output On)

P-Vce

iy

7
GND
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MITSUBISHI BIPOLAR DIGITAL ICs

M54973P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

ABSOLUTE MAXIMUM RATINGS (Ta=20~475C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -~ —0.5~+8 \2
\A Input voltage —0.5~ Vgc +0.5 v
Vo Output voltage Transistor off —0.5~+30 v
lo Output current Transistor on 200 mA
Py Power dissipation Ta=25C 1.42 w
Topr Operating temperature —20~+75 c
Tstg Storage temperature —55~-4-125 T

RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted)
Limits
Symbol Parameter Conditions Unit
Min Typ Max
Vee Supply voltage 4 5 6 \"
P-Vco Output spply voltage 4.5 5 7 \%
Vo Applied output voltage Transistor off 30 \
All outputs on simultaneousl:
lo Output current per circuit P Y 120 mA
Duty cycle 80% max
ELECTRICAL CHARACTERISTICS (1a=+25C, Vec=5V, P-Voc=5V, unless otherwise noted)
. Limits
Symbol Parameter Test conditions Unit
Min Typ Max
V, High-level nput voltage 0.7V, V \
Vin 9 P g Ta=—20~+75C cc cc
Vi Low-level input voltage 0 0.3Vece \%
fR.N Input resistance 50 kQ
V loL =120mA 0.4 \
oL Low-level output voltage oL
Vorz loL =200mA 0.5 \4
loLk Output leakage current Vo =30V 50 ©A
lcct All inputs= 0V, all outputs off 10 ©A
Supply current
lcc2 One output circurt on 0.2 mA
lces All inputs open, all outputs off 10 mA
Output supply current -
lcca One output circuit on 14 mA
2528 MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MS54973P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

TIMING REQUIREMENTS (Ta=—20~+75C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
twi) Latch pulse width 0.1 s
twir) Reset pulse width 0.1 S
tsu Data setup time 0 L]
th Data hold time 0.1 “S
TIMING DIAGRAM :
—————\ ’-———————————————Vcc
\ /
INn N 50% ; 50%
| S - ov
tsu th
LATCH 50% 50%
twiw)
RESET 50% 50%
tw(r)
SWITCHING CHARACTERISTICS (Ta=+257C, Vec=5V)
Limits
Symbol Parameter Test conditions ' - Unit
Min Typ Max
Low-to high-level output propagation time
teLm — . (0.6) 2 us
(Input LATCH to output On)
High-to low-level output propagation time
toue y pul propag V=5V 1) | o5 us
(Input LATCH to output On)
Low-to high-level output tion ¢ Vu=0v
ow-to high-level output propagation time
toLn g siput propag RL=100Q (0.6) 2 us
(Input EN to output On) G =150F
L= 1p!
High-to low-level output propagation time
t — —— (Note 1) 0.1 0.5 s
PrL (Input EN to output On) ©.n “
Low-to high-level output propagation time
tou pul prop (0.6) 2 us
(Input RESET to output On)

TIMING DIAGRAM
INn |

LATCH 7 2.5V 2.5V

EN 7¢ 2.5V 5‘2. 5V

RESET 7! N\

On 2.5V 2.5V 2.5V 2.5V 2.5V

teun ton teLn teru teLn
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MITSUBISHI BIPOLAR DIGITAL ICs

M54973P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

TEST CIRCUI

T

INPUT

O Vee

PG

7500

DuT

T

R.

T

OUTPUT

* The input waveform has the characteristics of t, < 20ns and t; < 20ns

* The capaci CL

stray wiring car

and probe input capacitance.

TYPICAL CHARACTERISTICS

ALLOWABLE AVERAGE
POWER DISSIPATION

ALLOWABLE OUTPUT CURRENT AS
A FUNCTION OF DUTY CYCLE

1.5 250
o
i} ~
2 < 200 O~®
o< €
a2 \ >
4510 =
< e Zz 150
X Z w
Qo E
bl =1
w L ‘ © oo
< =
2 3 0.5 2
o) o
2 I~
(o] 8 50 | ° The collector current values per output are shown |
j * Repetive frequency = 10Hz | °
< * The number in O is the number of
outputs conducting simultaneously.
0 0 * Ta=25C, P-Voe=7V |
0 % 50 7% 100 0 20 40 60 80 100
AMBIENT TEMPERATURE T4 (C) DUTY CYCLE (%)
ALLOWABLE OUTPUT CURRENT AS
A FUNCTION OF DUTY CYCLE
250
'S 200 o~6
£ AAD
E 150 NN ®
2 \
2
S o N
2
&
B 50|  Repete roquency = Jons " U 21 aon ®
* The circled numbers indicate the number
I of outputs I
* Tq=75C, P-Vgo=7V J | [ |
0 el
0 20 40 60 80 100
DUTY CYCLE (%)
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BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

MITSUBISHI BIPOLAR DIGITAL ICs

M54974P

DESCRIPTION

The M54974P is a semiconductor integrated circuit consist-
ing of twelve stages of CMOS shift registers and latches
with serial inputs and serial or parallel outputs. It is based
on Bi-CMOS process technology, and has twelve bipolar
drivers at the parallel outputs.

FEATURES

Serial input and serial or parallel output

Serial output enables cascade connection

Built-in latch for each stage

Enable input provides output control

Low supply current (standby current Icc<10uA)

Serial 1/0 level is compatible with typical CMOS
devices

Driver features . High withstand voltage (BVggo = 30V)
Capable of large drive currents (lo (max) =300mA)

® Wide operating temperrature range Tag=—20~-+75C

APPLICATION
Dot drivers for thermal print heads. Serial/parallel conver-
sion. Drivers for relay and solenoids.

FUNCTION

The M54974P consists of twelve stages of D-type flip flops
connected to twelve latches.

Data is input to serial input S-IN, and clock pulses are ap-
plied to clock input T. When the clock changes from low to
high, the input data enters the first shift register and data
already in the shift registers is shifted sequentially.

The serial output S-OUT is used to connect multiple
M54974Ps to expand the number of parallel outputs. S-OUT
is connected to S-IN of the next stage.

PIN CONFIGURATION (TOP VIEW)

SERIAL POWER SUPPLY OF]

OUTPUT S-OUT « 28]  L-Voc LOGIC CIRCUIT
LATCH INPUT LATCH — 77] L'GND%TF?C?JTTLOGIC
ENABLE INPUT EN — [%6] < S-IN  SERIAL INPUT
25 CLOCK
oureuts] Q12 L4 2] 7
o011 +[5] 2]  P-Vee ouTPUT
2 | POWER SUPPLY!
GND OF g' & GND OF
DRIVER P-GND © P-GND DRIVER
CIRCUIT N 21] CIRCUIT
v 2
010« E —01
09« 5] - 02
OUTPUTS 08« E - 03 OUTPUTS
o7 — 6] — 04
06 +[13] [15] — 05

Outline 28P4B-A

When the clock pulse changes from low to high, latch input
(LATCH) is high and output enable input (EN) is low the
serial input data at S-IN appears at output O1 and the other
data already present is shifted sequentially to outputs 02
through O12.

The parallel outputs are inverted.

When the latch input is held low, the latch retains the
stored data. When the EN input is high, outputs o1 through
012 all turn off. As the internal logic is unstable when the
power is turned on, the EN input should be kept high
(setting the outputs O1 through 012 off) until input data is
set and the internal logic is initialized.

L-GND is the GND of CMOS logic circuit and P-GND is the
GND of output driver circuits o1 through 012 which employ
bipolar transistors capable of large drive currents.

BLOCK DIAGRAM

PARALLEL OUTPUTS

ENABLE INPUT  EN

-
I
GND OF 7
DRIVER = y
circuiT P-GND p-GND GND OF DRIVER

L&

OUTPUT POWER
@) P-Vec SUPPLY

V... POWER SUPPLY
&) L-Veo GEIGGIC CIRCUN

27) L-GNDGND OF LOGIC
CIRCUIT

SERIAL INPUT  S-IN (20)

CLOCK T2
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MITSUBISHI BIPOLAR DIGITAL ICs

M54974P

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

TIMING CHART

SERIAL INPUT  S-IN f 1 | 1 oL 1

LATCH INPUT LATCH ] { 1 | S
ENABLE INPUT  EN — U U 1J J| S
o1 u LY I |
02 U u o 1
o3 U U L U
o4 U u U
o5 U B ¥ I O B |

PARALLEL OUTPUTS | o U U I
o7 u U It
08 u u 1 L
9 U U | I R
o1 U U L
ot U u N
o u u | I

SERIAL OUTPUTS S-OUT 777/.777/.72772]

]
|
:

* The shaded area shows the unstable state

_ : MITSUBISHI
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MS54974P

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

/0 CIRCUIT

_1__[ Input with a pull-up resistor 2 l Input with a pull-down resistor
‘ (EN, LATCH) (T, S-IN)
L-Veo L-Vec
Rin :-_"]
—
—I>
—
— Rin
777
L-GND L-GND
_3J Serial output _“_J Parallel output
(s-0uT) (01~012)
P-Voo
L-Vee
ol
—
] N |
— |
|
|
L |
< |
|
P-GND
L-GND *
L-GND - ==~ — ————————— -
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M54974P

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

ABSOLUTE MAXIMUM RATINGS (T=20~-+75C, unless ctherwise noted)

Symbol Parameter Conditions Ratings Unit
"Vee Supply voltage —0.5~8 \
V, Input voltage —0.5~Vcc+0.5 \'
S-OUT —0.5~ A
Vo Output voltage __OU_. 0.5~Voc+0.5 v
O1~012 Transistor off —0.5~30 \%
lo Output current 400 mA
Pg Power dissipation Ta=25C 2.5 w
Topr Operating temperature —20~+75 ‘c
Tstg Storage temperature —55~+125 ‘C
RECOMMENDED OPERATING CONDITIONS (1a=—20~+75C, uniess otherwise noted)
' Limits
Symbol Parameter Conditions Unit
Min Typ Max
Vee Supply voltage 4 5 6 \
P-Vco Output supply voltage 4.5 5 6 \
Vo Applied output voltage 01~012 Transistor off 30 %
All outputs on
lo Output current per circuit P ) 300 mA
Duty cycle 50% max
ELECTRICAL CHARACTERISTICS (Ta=+25T, Vco=5V, P-Voc=5V, unless otherwise noted)
; Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vv High-level input voltage 0.7V V, \'
IH g el Inpul g Ta=—20~+75C cc cc
VL Low-level input voltage 0 0.3Vee v
Rin Input resistance 50 kQ
Von High-level output voltage | S-OUT output o | < 1 4A 4,9 \
VoL Low-level output voltage | S-OUT output ° ﬂ 0.1 \%
lon High-level output current | S-OUT output Von =4.5V —100 uA
loL Low-level output current S-OUT output VoL =0.4v 400 A
Vout loL =120mA 0.4 v
VoLz Low-level output voltage | Paralle! output loL =300mA 0.5 \"
VoLs loL =400mA 0.7 \%
loLk Output leakage current Paralle! output Vo =30V 50 LA
| Input release all driver output off 10 A
2o1 Supply current  (L-Vcc) P 2 =
lcc2 One driver output circuit on 0.2 mA
lcca Output supply current  (P-Vec) One driver output circuit on 14 mA
2—534 MITSUBISHI
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M54974P

Bi-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

TIMING REQUIREMENTS (Ta=—20~+75C, unless otherwise noted)

Limits
Symbol Parameter Test conditions in Tve ion Unmit
(1) Clock frequency Input duty cycle 40~60% 2 MHz
twir) Clock pulse width 200 ns
twiL) Latch pulse width 200 ns
tsu Data setup time 100 ns
th Data hold time 100 ns
td(t-L) Clock-latch time 400 ns
tr(m) Rising edge of clock pulse 500 ns
) Falling edge of clock pulse 500 ns
TIMING DIAGRAM
—_————— f—————— e ——— e ———
SERIALDATA ¢\ \ /) sy

INPUT \2' Sv /

| VP —

th

tsu

CLOCK T 7

trm W

tdr-u

LATCH INPUT LATCH / 2.5V 2.5V

tw

SWITCHING CHARACTERISTICS (Ta=+25C, V=5V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Low-to-high-level output propagation time
t . .
PLH From input T to output S-OUT (0.15) 0.3 us
High-to-low-level output propagation time §
t, V=5V 0.1 0.
PHL From input T to output S-OUT " ( 5) 3 us )
Low-to-high-level output propagation time V=0V
teLH —— RL(8-oyr)=0 ( 2) 10 ¢ uS
From input T to output Oy RUBR)=1000
High-to-low-level output propagation time LN
| S — (N=1~12) «C N 5 us
From input T to output Oy
- - C. =15pF
t Low-to-high-level output propagation time ( 2) 10
PLH From input EN to output Oy us
t High-to-low-level output propagation time ( n 5
PHL From input EN to output Oy s
TIMING DIAGRAM
CLOCK T 7 2.5V 2.5v
toLn tenL
SERIAL OUTPUT S-OUT 2.5v 2.5v
ENABLE INPUT  EN 2.5V 2.5V
toLn tont teLn L

OUTPUT Oy 7 2.5V 2.5V 2.5V 2.5V
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M54974P

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

TEST CIRCUIT

O Vee
INPUT

PG

DUT

500

N

Ru

T

OUTPUT

* The input waveform has the characteristics of t; < 20ns t; < 20ns

* The c e CL des stray wiring ¢

(

TYPICAL CHARACTERISTICS

ALLOWABLE AVERAGE
POWER DISSIPATION

and probe input capacitance

ALLOWABLE OUTPUT CURRENT AS
A FUNCTION OF DUTY CYCLE

2—536

1.5 400, D~®
DN\
& AN\NANA N
2 - \ \@
o < \
g E 300 ©
6310 o N\
§ < N - @
QZ &
g2 200
w < 2
35 °
<805 5
25 &
8 5 100f— The collector current value per output 1s shown
= [e) * Repetive frequency = 10Hz
< | + The circled numbers indicate the number
of outputs conducting simultaneously |
0 . Ta=25"C Vcc=6.IOV When'mounled cyln PC boach
0 % 50 7 700 0020 40 0 & 10
AMBIENT TEMPERATURE T4 (C) DUTY CYCLE (%)
ALLOWABLE OUTPUT CURRENT AS
A FUNCTION OF DUTY CYCLE
i
400 \\\ A\ 8N®
N N
z AN
E 300 X\Q\\ ®
[}
; k\\\ @
®
AANNNA
< e
© ©
5 Ne
a
5 w0
o) * The collector current value per output 1s shown
* Repetive frequency = 10Hz |
|- * The circled numbers indicate the number
of outputs conducting simultaneously
o * Ta=75C, Vcc=6.0V When mounted on PC board
0 20 40 60 80 100
DUTY CYCLE (%)
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BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

MITSUBISHI BIPOLAR DIGITAL ICs

M54975P

DESCRIPTION

The M54975P is a semiconductor integrated circuit fabri-
cated using Bi-CMOS technology. It contains a serial input
to serial/parallel output 8-bit CMOS shift register and
CMOS latch as well as bipolar 8-bit parallel-output driver.

FEATURES

Serial input to serial/parallel output

Cascade connections possible through serial output

Latch circuit included for each stage

Enable input for output control

Low supply current:«-«-«sseceseeeenee lcc=10uA at standby

Senial input/output fevel is compatible with standard

CMOS

Driver : Withstand voltage - BVceo=30
Large drive current-«-r«oreeeee (lo(max)=300mA)

® Wide operating temperature range-*-- Ta=—20~+75C

APPLICATION
Thermal printer head dot driver, Serial-to parallel conver-
sion, Relay and Solenoid driver

FUNCTION

The M54975P consists of an 8-bit D-type flip-flop, the out-
put of which is connected to 8 latches.

When data is applied to the serial data input (S-IN) and a
clock pulse is applied to clock input (T), an “L” to “H"
change of the clock will cause the data input signals to en-
ter the internal shift registers and the data in the shift regis-
ters will be shifted in order.

Using a number of M54975P units for bit expansion in

PIN CONFIGURATION (TOP VIEW)

‘CLOCK T— E N~ :@ — 01
SERIAL INPUT ~ S-IN — E E -+ 02

1]~ 03
El ~> O4 | paARALLEL
12] -5 | outPuTs

i1~ 06
19~ 07
9] 08

Outline 16P4

LOGIC GND L-GND [ 3]

Vee E

SERIAL OUTPUT S-OUT « E

dS.6VS

LATGH INPUT LATCH — [6]

& [

DRIVER GND P-GND  [8]

ENABLE INPUT

series will entail connecting serial output (S-OUT) to S-IN
of the next-stage M54975P. \
In paraliel output, when the latch input is set to “H” and the
output-control input (enable input EN) is “L”, a clock pulse
changing from “L” to “H” will cause the serial data input
signal to appear at output 01, and the data will be shifted in
order at outputs 02~ 08.

The parallel output will yield a signal that is inverted with
respect to the serial data input.

Setting the LATCH input to “L” will prevent data from enter-
ing the latch.

When the EN input is set to “H”, all outputs (O1~08) will
be set to OFF. Since the internal logic state of the IC is un-
certain at power-on time, set the EN input to “H” (and out-
puts O1~08 will set to OFF) until the input data is set and

BLOCK DIAGRAM
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M54975P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

the internal logic state has been determined.
L-GND is the ground of the CMOS logic circuit section and
P-GND is the ground for the output driver section (O1 ~

TIMING CHART

08), which is made up of bipolar transistors that are cap-
able of driving large currents.

T LLEL LI 1l L TR i
LATCH | | | r_—-l___
& U
o U ur I
02 L ] | I O
@ U UL

o u v U
o u ] I
% u u | A I I
v T |

% u 1] L_J

s-our 777777774 1 1 -

*The stage of the shaded areas is uncertain.

INPUT/OUTPUT CIRCUIT SCHEMATICS

‘_I INPUT WITH PULL-UP RESISTOR __2_] INPUT WITH PULL-DOWN RESISTOR
(EN, LATCH) Ves (T, S-IN) Veo
Rin d :__j
I T
> -
- Rin —
F:J E:l
L-GND L-GND
3| SERIAL ouTPUT v 4 | PARALLEL ouTPUT
(s-ouT) e (01~08)
=] |
'—_ 1.5k0 ?
1
= i
1
'ﬂ P-GND i
]
1 L-GND———
L-GND
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54975P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

ABSOLUTE MAXIMUM RATING (Ta=—20~+75C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+8 v
V, Input voltage —0.5~Vgc+0.5 \
Vo Output voltage iOUl —0.5~Vgc+0. 5 v

O1~08 : Output is OFF —0.5~+-30
fo Output Current OT~08 : Output is ON 350 mA
Pd Power dissipation Ta=25TC 1.25 w
Topr Operating temperature —20~+75 C
Tstg Storage temperature —55~+4125 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C uniess otherwise noted)
Symbol Parameter Conditions Limits Unit
Min Typ Max
Vee Supply voltage 4 5 6 \Y
Vo Applied output voltage OT~0B8 : When output i1s OFF 30 \Y
lo Output current (per circuit) gl;;zysc.l::::t:\‘:: gt;osnmultaneously 300 mA
ELECTRICAL CHARACTERISTICS (Ta=+425C, Voe=5V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Test pin Min Typ Max
Vi High-level input voltage 1.2 Ta=—20~475C 0.7Vge Vee \%
Vi Low-level input voltage 6.7 0 0.3Vce \Y
Rin input resistance ' 50 — kQ
Vou High-level output voltage 4.9 — \'
1o | s1uA
VoL Low-level output voltage 5 — 0.1 \
lon High-level output current Von=4.5V —100 — HA
loL Low-ievel output current Vo =0.4Vv 400 — rA
Vo loL=100mA — 1.2 Y
Voi.2 Low-level output voltage 9~16 lot=200mA — 1.4 \
Vous lo.=300mA = 1.6 Y
loLk Output leakage current Vo=30V — 50 A
lecet Inputs free, all driver outputs OFF — 10 A
lcc2 Supply current 4 Driver output : 1 circuit ON — 1.7 mA
S A L.
REQUIRED TIMING CONDITIONS (Ta=—20~-+75C, uniess otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
f(m) Clock frequency Input duty cycle 40~60% 2 MHz
tw(m) Clock pulse width 200 nS
twiL) Latch pulse width 200 - nS
tsu Data setup time 100 nS
th Data hola time 100 nS
td(r-L) Clock-latch time 400 nS
tr(m) Clock pulse nise time 500 nS
tf(r) Clock pulse fall time 500 nS
MITSUBISHI 9—539

ELECTRIC




MITSUBISHI BIPOLAR DIGITAL ICs

M54975P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

TIMING DIAGRAM

—_—————

e ————-

S-IN 2.5V 2.5V
\ /
| W ———
1‘ 1
T
trem tir
td(r-u)
LATCH ] 2.5V 2.5V
tww)
SWITCHING CHARACTERISTICS (Ta=+25C, Voo=5V)
Limits }
Symbol Parameter Conditions Unit
Min Typ Max

Low to high-level output propagation time
teLH 0.3 u«S

(Input T to output S-OUT)

High to low-level output propagation time
towt 9 put propag Vi=5V 0.3 | uS

(Input T to output S-OUT)

Low to high-level output propagation time V=V

- uf

teLn 9 output propag R ! S-OUT=0 10 uS

(Input T to output Oy) C=

RL : ON=1000

High to low-level output propagation time
teHL — (N=1~8) 2 uS

(Input T to output On)

C=15pF
4 Low to high-level output propagation time (Note 1) 10 “S
— of

PLH (Input EN to output Oy)

High to low-level output propagation time
tpHL — 2 ©S

' (Input EN to output Oy)

(Note 1) TEST CIRCUIT

Vee
INPUT ? Input waveform is taken as ty<20ns and tj=20ns
T R C_ includes wiring stray capacitance and probe input capacitance.
PG ELEMENT OUTPUT
UNDER TEST
. C.
e T I
TIMING DIAGRAM
i 2.5V 2.5v
T N
teLm tone
} 2.5V 2.5v
S-0uUT
EN
teLn
_ A 25v
On
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MS4975P

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER

TYPICAL CHARACTERISTICS

DUTY CYCLE VS
PERMISSIBLE OUTPUT CURRENT

1.5 400

THERAL DREATING

E E
kel ~ 8
< 3 AT -
1.0
3 N £ AN NI \\ ®
£ \ £ a0 NN T
2 3 S
2 os 5 *Ta=25C
&« a * Repetition frequency >10Hz
g 5 100}« Number in O indicate the number
o © of output circuits that | I
operate simultaneously T
o] ¢ Current values are per circuit
09 25 50 75 100 0 20 40 60 80 700
AMBIENT TEMPERATURE Ty(C) DUTY CYCLE (%)
DUTY CYCLE VS
PERMISSIBLE OUTPUT CURRENT
400
<
£
3 30 \\ T - ~ o)
B N i\ . N ™~ @
§ 200 \\\ N ™
3 re=me OIS 0
- *Repetition | NSNS g )
=) [—frequency>10Hz ®
& 100} « Number in O indicate ™~ QL\%
8 the number of output
circuits that operate simultaneously —
ol Current values are per circuit | |
0 20 40 60 80 100
DUTY CYCLE (%)
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~ BI-CMOS 8-BIT

MITSUBISHI BIPOLAR DIGITAL ICs

M54976P

PARALLEL-INPUT, LATCHED DRIVER

DESCRIPTON
The MB54976P is a semiconducnductor integrated circuit PIN CONFIGURATION (TOP V|EVV)
fabricated using Bi-CMOS technology. It contains bipolar 8 "} _
output drivers of CMOS latch. RESET INPUT RESET—»E 22| < EN  ENABLE INPUT
LATCH INPUT LATCH — [2] 2] Voc
FEATURES Nt —[3] 20] - 57
® Enable input for output control INZ*E E—@?
® Low supply current:---=-==+=eeiee Joo < 10uA at standby z E 5
® Input level is compatible with standard CMOS N3 — 5] g o3
® Driver : Withstand voltage «--+---++++-eeeeeeeees BVceo=30 INa — [6] e i7] 04
. INPUTS o __ | OuTPUTS
Large drive current--------=--- (lo(max)=300mA) 'N5"E 2 l_ﬁl" 05
® \Wide operating temperature range - Ta=—20~-475C |N6—~r_8-: E_.&
IN7—]9 14]— 07
APPLICATION ] ) _
Thermal printer head dot driver, Relay driver, Solenoid N8 — [i0] i3]~ o8
driver ano  [i] [12]+» comM common
FUNCTION Outline 22P4
When data is applied to inputs IN1-IN8 and LATCH input is
set to “H”, the data will be*latchedance with the truth table.
Note that when an “H” signal is applied to the RESET input,
the latch will maintain the reset state.
When the EN input is set to “L" and the data maintained in
the latch are “H”, the corresponding output will be ON and
become “L”.
When both the LATCH and RESET inputs are “L”, the latch
will maintain the prior state irrespective of input signals
IN1-IN8.
BLOCK DIAGRAM
Vee o1 o2 03 04 06 08 CO

EN (22
1 i 1 I 1
RESET | | (8LATCH CIRCUITS) | ! !
l I i i I |
LATCH | I i I I
1 ] 1 il L
L l_.J
- O—EO—EO—O—Em—©® -~
I IN2 IN3 INe NS N6 IN7 IN8  GND
r—s2 MITSUBISHI
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MS54976P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

TRUTH TABLE

INPUTS QUTPUT On
INn | LATCH | RESET | EN | t1 t L: L level
L H L L X H H: “H" level
H H L L L X ! Irrelevant
X X H X X H t-.1 ! Previous state

t ! Present state

X X X H X | H Output H is in the OFF state
X L L L L L Output L is in the ON state
X L L L H H

LOGIC DIAGRAM (1 CIRCUIT)

g :
1

COMMON BLOCK : (n=1~8)
1
1

INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS
1| INPUT cIRCUIT [ 2 | output circuiT

$———O On
INn

1.5kQ

GND
GND

‘
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MITSUBISHI BIPOLAR DIGITAL ICs

M54976P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

ABSOLUTE MAXIMUM RATINGS (Ta=—20C~+75%C, unless otherwise noted)

Symbol . Parameter Conditions Ratings Unit
Veo Supply voltage —0.5~+8 Y
\A Input voltage —0.5~Vee+0.5 \'
Vo Output voltage .| Output 1s OFF —0.5~+430 \4
lo Output current Output 1s on 350 mA
Py Power dissipation Ta=25C 1.42 w
Topr Operating temperature —20~-+75 C
Tstg Storage temperature —55~+4125 C

RECOMMENDED OPERATING -CONDITIONS (Ta=—20~+75C, unless otherwise noted)
Symbol Parameter Conditions Limits Unmit
Min . Typ Max
Vce Supply voltage 4 5 6 \
Vo Applied output voltage When output 1s OFF 30 \
lo Qutput current (per circurt) All outputs ON simultanecusty 300 mA
Duty cycle less than 25%
ELECTRICAL CHARACTERISTICS (Ta=+25C, Vco=5V, unless otherwise noted)
Limits

Symbot Parameter Tost pim Test conditions i Tvp Vo Unit
Vin High-level input voltage 110 | Ta=—20~+75C 0.7Vee Vee \"
Vi Low-level input voltage 2 0 0.3Vee v
Rin Input resistance 50 kQ
VoL } loL=100mA 1.2 v
Vourz Low-level output voltage 13~20 | lo.=200mA 1.4 Vv
Voia loL=300mA 1.6 \'
loLk Output leakage current 13~20 | Vo=30v 50 uA
Ve Clamp diode forward current 13~20 1=300mA 2 \%
Ir Clamp diode reverse current V=30V 50 zA
lcca All inputs are 0V, all outputs OFF 10 A

Supply current 21 -
lcc2 Output : 1 circut ON 1.4 mA
‘
S MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54976P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

REQUIRED TIMING CONDITIONS (Ta=—20~+75%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
twiL) Latch pulse width R 0.1 ~S
tw(r) Reset pulse width 0.1 ~S
tsu Data setup time 0 uS
th Data hold time 0.1 ©#S
TIMING DIAGRAM
—_————— I,___._.___._._...___.___Vcc
INn 50% 50%
4
| N —— ov
tsu th
LATCH 50% 50%
twiw
RESET

SWITCHING CHARACTERISTICS (Ta=+25C, Voc=5V)

Limits .
Symbol Parameter Test conditions i Tve Mox Unit
Low to high-level output propagation time
teLn — (0.6) 2 uS
(Input LATCH to output On)
High to low-level output propagation time
tene 9 pul propag V=5V (0.1) 0.5 u«S
(Input LATCH to output On) Vi =0V
L=
Low to high-level output propagation time
ton M9 Hput propag RL=100Q (0.6) 2 | us
(Input EN to output On) Ci=150F
L=10p
High to low-level output propagation time
t — — (Note 1) 0.1 0.5 S
PHE (Input EN to output On) (.1 “
Low to high-level output propagation time
teLn 9 P Propag (0.6) 2 ©S
(Input RESET to output On)
TIMING DIAGRAM
INn |
LATCH 2.5V 725V
EN A 25v K25V

RESET j‘ \

[ tenL teun tenL teLn

MITSUBISHI ~
ELECTRIC 2545




MITSUBISHI BIPOLAR DIGITAL ICs

MS54976P

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER

(Note 1) TEST CIRCUIT

PG

Q Vee
INPUT
ELEMENT
UNDER TEST
500

T

Re

OUTPUT

T

* Input waveform is taken as t;<20ns and tf=20ns
» C_ includes wiring stray capacitance and probe input capacitance

DUTY CYCLE VS PERMISSIBLE

THERMAL DERATING OUTPUT GURRENT
1.5 400
: z
o £ o~
a . F 300 \\\ % @
z 1.0 N NN
= z NN @
< W ™
o o 200
@ 5
1%} o
2 s £ S Ta=25C
w a [ * Repetition freguency > 10Hz
= 5 100k . Numbers in Q indicate thé number__|
8 [e] of output circuits that operate
simultaneously. | | |
« Current values are per circuit.
0 I N R B N N |
0 25 50 75 100 0 20 40 60 80 100
AMBIENT TEMPERATURE T,(C) DUTY CYCLE (%)
DUTY CYCLE VS PERMISSIBLE
OUTPUT CURRENT
400,
3
E
5o o, < 00
\ ~N N ®
= \\\\\\ <
@
: SSSek
= * Ta=75C \Q X0)
P -+ Repetion frequency>10Hz
5 100] < Numbers in O indicate the number __|
o of output circuits that operate
|- simultaneously. -} |
. Purr?nt v'aluels arle per cir?uit.
0 20 40 60 80 100
DUTY CYCLE (%)
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BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER

MITSUBISHI BIPOLAR DIGITAL ICs

M54977P

DESCRIPTION

The M54977P is a semiconductor integrated circuit fabri-
cated using Bi-CMOS technology. It contains a serial input
to serial/paraliel output 12-bit CMOS shift register and
CMOS latch as well as bipolar 12-bit parallel-output driver.

FEATURES

® Serial input to serial/parallel output

® Cascade connections possible through serial output

® Latch circuit included for each stage

® Enable input for output control

® Low supply current::-ceoseeserereeeees lcc=10uA at standby

® Serial input/output level is compatible with standard

CMOS

® Driver . Withstand voltage -+=«=stvoeeeereeeeee BVceo=30

Large drive current------+-+-eeo (lotmax)=200mA)

® Wide operating temperature range -+ Ta=;20~+75°C

APPLICATION
Thermal printer head dot driver, Serial-to paraliel conver-
sion, Relay, solenoid driver

FUNCTION

The M54977P consists of an 12-bit D-type flip-flop, the out-
put of which is connected to 12 latches.

When data is applied to the serial data input (S-IN) and a
clock pulse is applied to clock input (T), an “L” to “H”
change of the clock will cause the data input signals to en-
ter the internal shift registers and the data in the shift regis-

PIN CONFIGURATION (TOP VIEW)
T[]

SERIAL INPUT  S-IN — E

LOGIC GND L-GND 3
Vee 4

SERIAL OUTPUT S-OUT « E
LATGH INPUT LATCH — [6]
N - [7]
o[
o1t —[g]

DRIVER GND P-GND E

20| — 01
73] o2
] o5
-5
7] o5
- o
o7
73 o8
2] o8
- o7

Outline 20P4

CLOCK INPUT

PARALLEL
OUTPUTS

dl.6¥SN

ENABLE INPUT

OUTPUTS

ters will be shifted in order.

Using a number of M54977P units for bit expansion in
series will entail connecting serial output (S-OUT) to S-IN
of the next-stage M54977P.

In paraliel output, when the latch input is set to “H” and the
output-control input (enable input EN) is “L”, a clock pulse
changing from “L” to “H” will cause the serial data input
signal to appear at output 01, and the data will be shifted in
order at outputs 02~012.

The parallel output will yield a signal that is inverted with

BLOCK DIAGRAM

o7 OB
(O—

LATCH

ANVA
() (]
il
LD LD

1T

S-IN o0 K oa]
T T T T T T

T ]
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respect to the serial data input.

Setting the LATCH input to “L” will prevent data from enter-
ing the latch.

When the EN input is set to “H”, all outputs (O1~012) will
be set to OFF. Since the internal logic state of the IC is un-
certain at power-on time, set the EN input to “H” (and out-
puts OT~ 012 will set to OFF) until the input data is set

TIMING CHART

and the internal logic state has been determined.

L-GND is the ground of the CMOS logic circuit section and
P-GND is the ground for the output driver section (01~
012), which is made up of bipolar transistors that are cap-
able of driving large currents.

S-IN J 1 ] —J L1 1 :

T I 11T (NN T (TTTTTUEIT]
LATCH | | 1 | |
EN u u o | I E
ol u u L L

02 u u L L

0 u u Ll uJ

o u u U L

05 U u | S

06 u u | S R

o7 U u I
08 U u 7 L

09 ua U L1

010 u u | S—

o u u | I
012 u u J S— |
s-out 77777777777 1 | I .

*The stage of the shaded areas is uncertain
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INPUT/OUTPUT CIRCUIT SCHEMATICS

_1_J INPUT WITH PULL-UP RESISTOR
(EN, LATCH)

.

L-GND

2 l INPUT WITH PULL-DOWN RESISTOR
(T, S-IN)

Vee

L-GND

| 3 | SERIAL ouTpPUT
(s-0uT)

L-GND

| 4 | PARALLEL ouTPUT
(51~57)
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ABSOLUTE MAXIMUM RATING (Ta=—20~+75%C, unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.5~+8 \
vV, Input voltage —0.5~Vec+0.5 v

S-0uUT —0.5~Vcc+0.5
V Output voltage —

° P 9 O1~012 : Output is OFF —0.5~+30 v
lo Output Current OT~08 : Output is ON 250 mA
Pd Power dissipation Ta=25C 1.25 w
Topr Operating temperature —20~+475 c
Tstg Storage temperature —55~-+4125 ‘C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C unless otherwise noted)
Limits
Symbol Parameter Conditions Unit
! Min Typ Max
Vee Supply voltage 4 5 6 \%
Vo Applied output voltage O1~012 : When output is OFF 30 \4
All outputs ON It |
lo Output current (per circuit) outputs Simultaneously 200 mA
Duty cycle less than 20%
ELECTRICAL CHARACTERISTICS (Ta=+25C, V=5V, unless otherwise noted)
Limits .
Symbol Parameter Test conditions - Unit
Test pin Min Typ Max
V High-level input voltas 0.7V, V \'
H gh-level input voitage 1,2 Ta=—20~+75C cc cc
' Low-level input voltage 6.7 0 0.3Vee \
Rin input resistance ! 50 — kQ
Vv High-level output volta 4.9 - \Y

on gn-Ieve] oulpu vonage 5 | lo | S1uA .

Vou Low-level output voltage - 0.1 A\
lon High-level output current 5 Von=4.5V —100 — A
loL Low-level output current Vor=0.4Vv 400 - “A
V loL=100mA - 1.2 \'/

oLl Low-level output voltage 8,9 o

Vorz 11~20 loL=200mA - 1.4 \"
loLk Output leakage current Vo=30V ) - 50 #A
lcct Inputs free, all driver outputs OFF - 10 uA
Supply current 4 -
lccz Driver output : 1 circuit ON — 1.25 mA
2—580 MITSUBISHI
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REQUIRED TIMING CONDITIONS (Ta=—20~+75%C, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
f(r) Clock frequency Input duty cycle 40~60% 2 MHz
twr) Clock pulse width 200 nS
twiL) Latch pulse width 200 nS
tsu Data setup time 100 nS
th Data hola time 100 nS
td(r-L) Clock-latch time 400 nS
trm Clock pulse rise time 500 nS
tfcr) Clock pulse fall ime 500 nS
TIMING DIAGRAM
—_————— [ ————— . ————— . —— —

\ /

DATA INPUT  S-IN

2.5V 2.5V
\

| SN R —

/

tsu

CLOCK INPUT T 7

tw(r)
trn tn
td(r-u)
LATCH INPUT LATCH / 2.5V 2.5V
twi)
SWITCHING CHARACTERISTICS (Ta=+25C, Veo=5V)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

Low to high-level output propagation time
(Input T to output S-OUT)
High to low-level output propagation time

t Viy=5V 0.15 0.3 S
PHL (Input T to output S-OUT) " ¢ ) 3

(0.15) 0.3 uS

teLn

Vi =0V
Low to high-level output propagation time
teLn 9 dlput propag Ry ! S-oyr= ( 2 10 HS
(Input T to output Oy) R
High to low-level output tion i R : 1000
igh to low-level output propagation time
tonL 9 oulput propag (N=1~8) (0.5 2 | us
(Input T to output Oy) Cu=15F
. " L=19pF .
Low to high-level output propagation time
teun 9 fiput propag (Note 1) ( 20| 10 | wus
(Input EN to output Oy)
High to low-level output propagation time
teHL N Pt propag ( 0.5) 2 ©uS

(Input EN to output Oy)

TIMING DIAGRAM

T j 2.5V 2.5V
ten tonL
S-0UT 2.5V 2.5V
EN
teLn " tenL

on 725 2.5v
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(Note 1) TEST CIRCUIT

PG

Q Vee
INPUT
ELEMENT
UNDER TEST
500

A

OUTPUT

Co

!

* Input waveform is taken as t;<20ns and t;<20ns
C. includes wiring stray capacitance and probe input capacitance.

TYPICAL CHARACTERISTICS

THERAL DREATING
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» Repetition' frequency >10Hz

* Number in O indicate the number of __|
output circuits that operate l

| simultaneously 4

« Current values are per circuit.
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* Current values are per circuit

0 20 40 60

DUTY CYCKE (%)

80 100

2—552

MITSUBISHI
ELECTRIC



CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Semiconductor Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex 24532 MELCO J
Telephone. (03) 218-3473

(03) 218-3499
Facsimile. (03) 214-5570

Overseas Marketing Manager
Kita-ltami Works

4-1, Mizuhara, Itami-shi,
Hyogo-ken 664, Japan

Telex- 526408 KMELCO J
Telephone® (0727) 82-5131
Facsimile  (0727) 72-2329

HONG KONG
Ryoden Electric Engineering Co, Ltd
22nd fl, Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex. 73411 RYODEN HX
Telephone: (5) 7907021

Facsimile  (852) 123-4344

SINGAPORE
MELCO SALES SINGAPORE PTE
LTD

230 Upper Bukit Timah Road # 03-01/
15

Hock Soon Industrial Complex
Singapore 2158

Telex. - RS 20845 MELCO
Telephone. 4695255
Facsimile. 4695347

TAIWAN
MELCO-TAIWAN CO., Ltd
1st fl, Chung-Ling Bldg,

363, Sec. 2, Fu-Hsing S Road,
Taipei RO C.

Telephone (02) 735-3030
Facsimile: (02) 735-6771

Telex 25433 CHURYO “MELCO-
TAIWAN"

U.S.A.

NORTHWEST

Mitsubishi Electronics America, Inc
1050 East Arques Avenue
Sunnyvale, CA 94086, U.S.A

Telex 172296 MELA SUVL
Twx: 910-339-9549
Telephone (408) 730-5900
Facsimile. (408) 730-4972

SOUTHWEST

Mitsubishi Electronics America, Inc.
991 Knox Street

Torrance, CA 90502, U.S A

Telex: 664787 MELA TRNC
Telephone: (213) 515-3993
Facsimile: (213) 324-6578

SOUTH CENTRAL

Mitsubishi Electronics America, Inc
2105 Luna Road, Suite 320
Carroliton, TX 75006, U.S.A.
Telephone: (214) 484-1919
Facsimile: (214) 243-0207

NORTHERN

Mitsubishi Electronics America, Inc
15612 Highway 7 #243
Minnetonka, MN 55345, U S A
Telex 291115 MELA MTKA
Telephone' (612) 938-7779
Facsimile: (612) 938-5125

NORTH CENTRAL

Mitsubishi Electronics America, Inc
800 N Bierman Circle

Mt. Prospect, IL 60056, U S.A

Telex: 270636 MESA CHIMPCT
Telephone (312) 298-9223

Facsimile  (312) 298-0567

NORTHEAST

Mitsubishi Electronics America, Inc
200 Unicorn Park Drive

Woburn, MA 01801, US A

Telex 951796 MELA WOBN
Twx 710-348-1229
Telephone" (617) 938-1220
Facsimile: (617) 938-1075

MID ATLANTIC

Mitsubishi Electronics America, Inc.
Two University Plaza

Hackensack, NJ 07601, U S A
Telex 132205 MELA HAKI
Twx 710-991-0080
Telephone: (201) 488-1001
Facsimile: (201) 488-0059

SOUTH ATLANTIC
Mitsubishi Electronics America, Inc.
6575 The Corners Parkway

Suite 100
Norcross, GA 30092, U S A
Twx. 910-380-9555

Telephone' (404) 662-0813
Facsimile: (404) 662-5208

SOUTHEAST

Mitsubishi Electronics America, Inc
Town Executive Center

6100 Glades Road #210

Boca Raton, FL 33433, US A

Twx: 510-953-7608
Telephone (305) 487-7747
Facsimile  (305) 487-2046

WEST GERMANY

Mitsubishi Electric Europe GmbH
Headquarters-

Gothear Str 6

4030 Ratingen 1, West Germany
Telex 8585070 MED D
Telephone. (02102) 4860
Facsimile. (02102) 486-115

Munich Office:

ArabellastraRe 31

8000 Munchen 81, West Germany
Telex 5214820

Telephone. (089) 919006-09
Facsimile  (089) 9101399

FRANCE
Mitsubishi Electric Europe GmbH

65 Avenue de Colmar Tour Albert 1er
F-92507 Rueil Malmaison Cedex,
France

Telex 202267 (MELCAM F)
Telephone: (01) 7329234

Facsimile® (01) 7080405

ITALY
Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Palazzo Cassiopea 1

20041 Agrate Brianza I-Milano
Telephone (039) 636011
Facsimile: (039) 6360120

SWEDEN
Mitsubishi Electric Europe GmbH
Lastbilsviagen 6B

5-19149 Sollentuna, Sweden
Telex 10877 (meab S)
Telephone (08) 960468
Facsimile  (08) 966877

U.K.
Mitsubishi Electric (U K) Ltd
Hertford Place, Denham Way,
Maple Cross, Rickmanworth, Herts,
WD3 2BJ, England, U K

Telex: 916756 MEUKG
Telephone: (923) 770000
Facsimile  (923) 775282

AUSTRALIA
Mitsubishi Electric Australia Pty Ltd
73-75, Epping Road, North Ryde,

P O Box 1567, Macquarie Centre,
N S.W, 2113, Australia

Telex MESYD AA 26614
Telephone: (02) (888) 5777
Facsimile  (02) (887) 3635
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