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Abstract

The project is a simplex 4 channel FM wireless system. Itcan be applied for using
in the international conference , the participants can select to channel for hearing to the language
translated. The system consists of Phase Lock Loop (PLL) frequencies controlled FM
transmitter and Receiver. The system also can be used in any simplex 4 channel wireless

communication required basic.
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Channel Modie O Modie 1

Tran|smit Recieive

D3 D2 D1 (DO CH# |Fin2(MHz) N Fin1(MHz) /N

0|00 1 1 49.67 9934 38.975 7795
0 1 040 2 49.77 9954 39.057 7815
0 1 1 1 3 49.89 9978 39.195 7839

1104} 0 11 4 49.99 9998 39.285 7859
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UNTI 6
N1INAABIATHNANIINAAO
MASuAYIN
snTasseufiveesmenmesussiimmddgiigadewindesdianmlunsany

] 9 ' 4
Meansage aniuduihnimanesiadygnuidumisin g ye903nnsY lAwadsil

1. A7 AB1MNV82383 PHASE LOCKED LOOP IC# MC 145166

CH # ANElY datasheet AN A LS
1 38.975MHz 39.02 MHz
- 2 39.075 MHz 912MHz
..... 3 39.195 MHz 39.24 MHz O
4 39.275 MHz 39.34 MHz

2. naAPUNMIABTUBIANIveunTBsuelouns 1UBUNALIN RF Generator 1111
¥ | ] ]
1AABIADININ nntasimsTadgaaeniyndleniisuauduasvuave s siuduymii

AR 9 AWATTN

d I )
AN dBm A1 )

u | 20 -30 -40 -50 -60 70

(Hz) o/p (p-p) | o/p (p-p) | ofp (p-P) | o/p (p-p) | o/p (P-P) | o/P (P-P)
200 320m 320m 320m 320m 310m 300m

500 220m 220m 220m 220m 220m 220m

1k 150m 150m 150m 150m 150m 150m
2k 80m 80m 80m 80m 80m 80m
3k 60m 60m 60m 60m 60m 60m
4k 52m 52m 52m 52m 52m 52m
5k 40m 40m 40m 40m 40m 40m
6k 32m 32m 32m 32m 32m 32m
7k 30m 30m 30m 30m 30m 30m

8k 28m 28m 28m 28m 28m 28m
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3. naneviagiduanufigedis q deihmsiudygpunnyesdygmie 4 ¥
} 4
Yoy 1ARaAadl
Tek HXTE 1GS/s 2 Acgs
1 L T h| i

e Sk S

.3

bt

Mions CRT 7 6.0V

=G TGOV

11 6.1 Fyanafive 3 ¥eq IC # MC13135 (i18139ATY Channel 1

Tek SR 200kS/s 1 Acqs
. ; '{ T. } - {
1 't & LR M v 13 N 1 f ] 'j

T R = TSy e S S

VB M 250US J

e

Chi

I
] <

1 Ch2 Pk-Pk

494.4mvV

Ch2 Freq
39.02MHz

22 Feb 1999
18:14:46

Ch2 Pk—-Pk
164mVv

22 Feb 1999
21:19:31

514 6.2 daygnafieniaveseesiilonneIngeswmWBAWIURY 17 IC # MC 13135

1119179051 Channel 1
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Tek SITIR 1GS/s 2 Acqgs
i I T h | j
i i * 1

VAW Tons CAT 7

LXN

51/ 6.3 Fryaefiv) 3 84 IC # MC13135 1il0I1ABATY Channel 2

Tok BT 100KS/s 6 Acas
i I T- h | i
i L ' J 1

11 6.4 dygnaifieiymyesisesifieiueninTeanInia

({181A9NTU Channel 2

i SOV WS008 ChT 6.9V

]
(] o

Ch2 Pk-Pk
493mVv

Ch2 Freq
39.12MHz

22 Feb 1999
18:23:17

RO

Ch2 PK-Pk
94mv

Ch2 Freq
1.441kH2
Low signal
amplitude

22 Feb 1999
21:33:50

WIUNY1 17 IC # MC 13135
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Tek HITE 1GS/s 2 Acqs
h | i

ch2 Pk-Pk
499.8mvV

Ch2 Freq
39.24MHz

22 Feb 1999
18:26:32

71 6.5 Ay 0¥ 3 Y83 IC # MCI3135 {io1fion5V Channel 3

Ch2 Pk-Pk
110.4mvV

Ch2 Freq
1.052kH2

o = VNS MS00s ChT 7 6.3V
22 Feb 1999

21:36:05

1 M d.

517 6.6 ygadfieniymvencesilediuisesnsemimdidiiuiivd 171C # MC 13135

({19139 Channel 3
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Tek HITE 1GS/s 2 Acgs
i I T ]
| r ¥ 1 i

Ch2 Pk-Pk
494.3mvV

Ch2 Freq
39.34MH2

PR S U I N A

VAT Tons Ch1 7 8.8V

22 Feb 1999
18:29:56

51U 6.7 dygnmfint 3 4ee IC # MC13135 1iiviA9n Ty Channel 4

Tek H{TE 100KS/s 8 Acgs
I f F 1 {
e AL RN AR S s e
L o b DK
. . . . . e . . . . - 218mv
Ch2 Freq
884.4 Hz
[P | L i ;;;||
somVAR M500us Chl 6.0V
m # 22 Feb 1999
21:40:33

11l 6.8 dggafieniynussasesiionuesnssanaddruiiv 171C# MC 13135

118189051 Channel 4
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Tumadsdyapaiiudauddgdnduniisweslnsenuil FeReaditlszaniniwluns

o s A & Ay 1 1 [] Qs
Funredarmdmie I ldanudanmdesnislunsaslundazdesdug v ansarun1sueng
o i ¥ hrd 4 Q A o J 1
mauaznsveedaa i uusuiedsesneimalifuniesdy dmamsianirie q nie
1 Q/ - J
Aunnaedyauilal

1. A28 918199 NV843393 PHASE LOCKED LOOP IC# MC 145166

-4

a/ ﬂ' 1 ¥ '3 d' ! d’
3. Jadyanuadunmzvsudazsedynnuiias1Adsll

Tek EIGNE 1GS/s

-4

D e o

o

e

VoM ioRs ChT S

63V

514 6.9 AygnuAWdAAUNIMZYBUATEIAIYBINANY Channel 1

CH # a3 u datasheet AaETIa
1 49.75 MHz 49.67 MHz
2 49,84 MHz 49.77 MHz
3 49.94 MHz 49.89 MHz
4 50.06 MHz 49.99 MHz “

Ch2 Pk-Pk
2.706 V

Ch2 Freq
49.75MH2

22 Feb 1999
19:24:08
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..........

T o pepk
: ; R S : : -1 T376mv

Ch2 Freq
1.91kHz

22 Feb 1999
21:22:30

Ch2 Pk-Pk
1.195 V

Ch2 Freq
49.85MHz

VM iR Chi- 7 6.8V

22 Feb 1999
19:26:16
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Tek TR 200kS/s 1078 Acgs
: T

Ch2 Pk-Pk
504mv

Ch2 Freq
1.441kHz

.............................

W M3E0s ChT 763V
22 Feb 1899
21:25:34

1 6.12 Fyygnaiduwnii lvegioatuniunmzyes Channel 2

Tek FXUiH 1GS/s 2 Acgs
i I T h | i
,‘,‘,,
Ch2 Pk-Pk
1.307 V
Ch2 Freq
49.93MH2
[@fF] 200mvA M i0ns Chi J 6.8V
22 Feb 1999
19:30:59

7171 6.13 FygnuANdNAUNIMEYBUATEIAIVEINIATY Channel 3
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Tek EIIH 100kS/s 3 Acgs
f £ T 1 i
T ] T ,
.:... ....|.+|....g.. l+,.§. l.l.—’,.l..'g ..||_.|.._. |.H| | ...... |+| .‘ |,.+. } H i. i | | |
R VAR M B00pS  CRT 6.0V

31 6.14 Ayanaduynmini luwequatuadunmzyes Channel 3
Tek HIMEE 1GS/s 1 Acgs
H b
i L v J 1
SN st " LS S i B :

o 200mYA W 10Rs ChT 7 6.0V

51 6.15 FyguaINEAIUNIMZYEINIAAY Channel 4

Ch2 Pk—PK
2490my

Ch2 Freq
1.052kH2

22 Feb 199¢
21:38:25

Ch2 PK—Pk
1.176 V

Ch2 Freq
50.09MH2

22 Feb 19¢
19:36:47
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Tek BN 100KkS/s
i

Ch2 Pk-Pk
350mv

Ch2 Freq
884.8 Hz

VWM S00s Ch1 6.9V

xxxxxxxxx

(Y

22 Feb 19
21:42:37

71 6.16 FyapaBuynililuegaaiuafuNIMZYS] Channel 4
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s a { o [ o/ (R da
yanudunniinnuequaduna taztufinagasvesuuaian ( Tasszana)

o v Jgda d' o t o A
- hawuuddaf dsnnamadvtinsuegoa

A139HANITNAABN

- ﬁmmé%uvgn 800 Hz
g4 (Vp-p) | wuusim (KHz) paddiena | Ffinnsuesian
100 m 15 7.5KHz 9.357
 200m 30 15 KHz 18.75
400 m 60 30 KHz 37.5
800 m 120 60 KHz 75
AAAAAAAA 1 150 75KHz 675
- ﬁmméﬁuﬂn 1 KHz
qum (Vp-p) | wuusiam (KHz) A NE T AARUNITHBGLAR
100 m 15 7.5KHz 75
200m 30 15 KHz 15
400 m 60 30 KHz 30
800m 120 60 KHz 60
1 150 75 KHz 75
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. finnwdsum 2 Kz
A (Vp-p) | Luusian (KHz) Aruadaauy | Fefinisuegan
100 m 15 7.5KHz 3.75
200 m 30 15 KHz 7.5
‘‘‘‘‘ 400m 60 30KHz 15
800m 120 60 KHz 30
1 150 75 KHz 37.5
- ﬁmmﬁﬁuw‘n 5 KHz
2um (Vp-p) | wuusam (KHz) ArEeawy faTin1snegan
100 m 15 7.5KHz 15
200m 30 15 KHz 3
400m 60 30 KHz 6
800 m 120 60 KHz 12
1 150 75 KHz 15
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@ MOTOROLA

FM Communications Receivers

The MC13135/MC13136 are the second generation of single chip. dual
conversion FM communications receivers developed by Motorola. Major im-
provements in signal handling, RSS! and first oscillator operation have been
made. In addition, recovered audio distortion and audio drive have improved.
Using Motorola's MOSAIC™ 1.5 process, these receivers offer low noise,
high gain and stability over a wide operating voltage range.’

Both the MC 13135 and MC 13136 include a Colpitts oscillator, VCO tuning
diode, low noise first and second mixer and LO, high gain limiting IF, and
ASSI. The MC13135 is designed for use with an LC quadrature detector and
has an uncommitted op amp that can be used either for an RSSI buffer or as
a data comparator. The MC13136 can be used with either a ceramic discrim-
inator or an LC quad coil and the op amp is intemally connected for a voltage
buffered RSS! output.

These devices ¢an be used as stand-alone VHF receivers or as the lower
IF of a triple conversion system. Applications include cordless telephones,
short range data links, walkie—talkies, low cost land mobile, amateur radio
receivers, baby monitors and scanners.

® Complete Dual Conversion FM Receiver - Antenna to Audio Output
® Input Frequency Range - 200 MH2z
® Voltage Buffered RSSI with 70 dB of Usable Range

MC13135
MC13136

DUAL CONVERSION
NARROWBAND
FM RECEIVERS

\{n P SUFFIX
PLASTIC PACKAGE

u CASE 724
, PLASTIC PACKAGE
“ \K CASE 7S1E

' (SO-24L)

DW SUFFIX

ORDERING {NFORMATION

® Low Voltage Operation - 2.0 to 6.0 Vdc (2 Cell NiCad Suppty) Operating

® Low Current Drain — 3.5 mA Typ Device Temperature Range! Package

® | ow Impedance Audio Output <25 Q MC13135P Plastic DIP

® VHF Colpitts First LO tor Crystal or VCO Operation MC131350%! . 30-24L
* Isolated Tuning Diode MC13136P ' e
e Bulfered First LO Oulput to Drive CMOS PLL Synthesizer MC131350W | [ sozet |

PIN CONNECTIONS
MC13135 MC13136
_ S T N
15110 Vancap Tistwo Varican

— 2:| VaricapC
—r‘ ? f—% Varicap A

15110 Base (] I {—g Vardcap C 1stLOBasa (1
15t L0 Eminer (2] Y 3] vaicapa 15110 Emiter (Z]
soou G—==— Xt [22] 15t Mixertn 1 1stL00ut (3]
Veet GJ Z1] 15t Mixer in 2 vee! 4]

il 20d LO Emifter @

[Xi (22] 15t Mixer In 1
! (31] 15t Mizerin 2

707 15t Mixer Out

Each dewice contains 142 acive transistors.

2na L0 Emiter (31— 20410 voo? 151 Mizer Cut 2nd L0 —
20410 Base (5] _; X T—11) vee? 20410 ease[E—r{—D——é?’r‘] )
200 Miser Out (7] |8 2 2aMawOu < [ 2rern
ves B 7] Audio Ot Ves [1‘1 ——>—1T] Audio Out
Uimiter tn (3] - El Op Amp Out Uimiter In 3] - —175] Butfered RSSI Output
R CE o [Teemod] A\ L
Cecouple 1 (30 Limiter g:s] Op Amg in - Oeccuple 1 (0] Limitar | 3_[TE] OpAmpin-
Decouole 2 (] u [F] Opampln. .  Deccuple2 E—L 7] Uiter Outpat
rssi [12] 13] Ouad CH RSS! {iZ] = 113] Quad input
4 i

* Motorola. Inc. 1995 Rev2



MAXIMUM RATINGS

Rating Pin i Symbol Value Unit
" power Supply Voltage 419 | Vegiman 6.5 Vde
AF Input Voltage 22 : RFin 1.0 Vems
Junction Temperature - Ty +150 °C
Storage Temperature Range - Tstg ~ 6510 +150 °C
RECOMMENDED OPERATING CONDITIONS
Rating Pin Symbol Value Unit
Power Supply Voltage 4,19 vVee 20t06.0 Vde
Maximum 1st IF - fiEt 21 MHz
Maximum 2nd IF - fie2 3.0 MHz
; Ambient Temperature Range - | Ta -40t + 85 °C

ELECTRICAL CHARACTERISTICS (T4=25°C.Vog=4.0Vde.fy=49.7MHz. fp00 = 1.0kHz, Deviation= £3.0kHz2, 1511 0 =39MHZ.12ng
LO = 10.245 MHz, IF1 = 10.7 MHz, IF2 = 455 kHz, unless otherwise noted. All measurements performed in the testcircuit of Figure 1.)

—

Characteristic Condition Symbol Min Typ Max Unit
Total Drain Current No Input Signal Icec - 4.0 6.0 mAdc
! Sensitivity (Input for 12 dB8 SINAD) Matched Input VSIN - 1.0 - pvms
" Recovered Audio VRea1.0mV AFQ mVrms
MC13135 170 220 300
MC13136 215 265 365
wiutar Output Leve! VoM mvms
(Pin 14, MC13136) . - i30 -
15t Mixer Conversion Gain VRF = - 40 dBm MXgain1 - 12 - d8
} 2nd Mixer Conversion Gain VRF = -40d8m MXgain2 - 13 - d8
" First LO Butfered Output - Vo - 100 - mvms
" Totat Harmonic Distortion VRF = ~30dBm THD - 1.2 3.0 %
, Demodulatcr Bandwidth - Bw - 50 - kHz
, RSSI Dynamic Range - RSSI - 70 - dB
! First Mixer 3rd Order Intercept TOMix1 dsm
¢ {input) Matched - -17 -
Unmatched - -11 -
Second Mixer 3rd Order Matched TOlMix2 dBm
Intercept {(RF Input) input - -27 -
First LO Butfer Output Resistance - RLo - - - Q
First Mixer Paratlel input Resistance - R - 722 - 8]
Fizst Mixer Parallel input Capacitance - C - 33 - pF
First Mixer Output impedance - Z0 - 330 - Q
Second Mixar Input Impedance - Z) - 40 - kQ
" Second Mixer Output Impedance - Z0 - 1.8 - kQ
" Datector Output Impedance - z0 - 25 - Q




TEST CIRCUIT INFORMATION

Although the MC13136 can be operated with a ceramic
discriminator, the recovered audio measurements for both
the MC 13135 and MC13136 are made with an .C quadrature
detector. The typical recovered audio wili depend on the ex-
temal circuit; either the Q of the quad coil, or the RC matching
network for the ceramic discriminator. On the MC 13138, an
external capacitor between Pins 13 and 14 can be used with
a quad coil for slightly higher recovered audio. See Figures
10 through 13 for additional information.

Since adding a matching circuit to the RF input increases
the signal level to the mixer, the third order intercept (TOI) |
point is better with an unmatched input (50 Q from Pin 21 to
Pin 22). Typical values for both have been included in the
Electrical Characterization Table. TOl measurements were
taken at the pins with a high impedance probe/spectrum ana- *
lyzer system. The first mixer input impedance was measured
at the pin with a network analyzer.

Figure 1a. MC13135 Test Circuit

Yeo e o 7
i 054 yH | 1s1LO 2
o1 e g L Ve L]
IOJ z(; T L~ T 3}
= 90 29|
1058 3wz ._'_Z_r : 0001
Xal S99 e 22[ i L 62pF
= = aF
- 13 a1l 0.2H e input
+ 50k i vee! T 1 Rl
0.01 =
+ ¢ 7 i I =
0.1 | 0] -
= ] mato e
120 Filter
T =xp! vecz | D 10.7 MHz
1Mt T 16 T 191 |
0z e =
10245 17 | T
MHz Xtal | L
L ! ! 60
Ceramic + v
Filler | |
455kH2 r = |

-3

|
t ool e
I e TR
107 i | ==
Limiter 0.1
01 e _L 01 I 15[ '-J.-"
L T |y -
L I ]
01T ] 15 X
Iy 1l
]
o jL: i 3 13 | 9K
= ! J_:— I gk
L _____________ _] ] | 455kHz
LT S
Figure 1b. MC13136 Quad Detector Test Circuit
] ] v
| AF -C-C
T L (Lo
I3 Limter I
| 16
- ] |
! 15 ) 9K
|12 l
0.1 f } 2 L]
1 2 11
il - T ul a8
| 1 =
ssue | s,
|



Cp, EQUIVALENT PARALLEL CAPACITANCE (pF) Ice » SUPPLY CURRENT (mA)
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Figure 2. Supply Current versus Supply Voltage
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Figure 8. Op Amp Gain and Phase
versus Frequency
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Figure 10. Recovered Audio versus
Deviation for MC13135
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CIRCUIT DESCRIPTION

The MC13135/13136 are complete dual conversion re-
ceivers. They inciude two local oscillators. two mixers, a limit-
ing IF amgtifier and detector, and an op amp. Both provide a
~oltage buftered RSS! with 70 dB of usable range, isolated
tuning diode and buffered LO output for PLL operation. and a
separate Yc¢ pin for the first mixer and LO. Improvements
have been made in the temperature performance of both the
recovered audio and the RSSI.

Vce

Two separate V¢ lines enable the first LO and mixer to
continue running while the rest of the circuit is powered down.
They also isolate the RF from the rest of the intemal circuit.

Local Oscillators

The local oscillators are grounded collector Colpitts, which
can be easily crystal—controlled or VCO controlled with the
on-board varactor and external PLL. The first LO transistor is
internally biased, but the emitter is pinned-out and I can be
increased for high frequency or VCO operation. The collector
1s not pinned out, so for crystal operation, the LO is generally
limited 1o 3rd overtone crystal frequencies; typically around
60 MHz. For higher frequency operation, the LO can be pro-
vided externally as shown in Figure 16.

Buffer

An amplifier on the 1st LO output converts the single—en-
ded LO output to a dilferential signal to drive the mixer. Ca-
oacitive coupling between the LO and the amplifier minimizes
the effects of the change in oscillator current on the mixer,
Suftered LO output is pinned-out at Pin 3 for use with a PLL.
with a typical output voltage of 320 mVpp at Ve = 4.0 V and
with a 5.1 k resistor from Pin 3 to ground. As seen in Figure
14, the buffered LO output varies with the supply voitage and
a smaller extemnal resistor may be needed for low voltage op-
eration. The LO butfer operates up to 60 MHz, typically.
Above 60 MHz, the output at Pin 3 rolls off at approximately
6.0 dB per octave. Since most PLLs require about 200 mVpgp
drive, an extemal amplifier may be required.

Figure 14. Buftered LO Output Voitage
versus Supply Voltage
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Mixers

The first and second mixer are of similar design. Both are
double balanced to suppress the LO and input frequencies to
give only the sum and difference frequencies out. This config-
uration typically provides 40 to 60 dB of LO suppression.
New design techniques provide improved mixer linearity and
third order intercept without increased noise. The gain on the
output of the 1st mixer starts to roll off at about 20 MHz, so
this receiver could be used with a 21 MHZz first IF, It is de-
signed for use with a ceramic filter, with an output impedance
of 330 QL A series resistor can be used to raise the imped-
ance for use with a crystal filter, which typically has an input
impedance of 4.0 kQ The second mixer input impedance is
approximately 4.0 kQ; it requires an external 360 Q parallel
resistor for use with a standard ceramic filter.

Limiting IF Amplitier and Detector

The limiter has approximately 110 @B of gain, which starns
rolling off at 2.0 MHz. Although not designed for wideband
operation, the bandwidth of the audio frequency amplitier has
been widened to 50 kHz, which gives less phase shiit and en-
ables the receiver to run at higher data rates. However, care
should be taken not to exceed the bandwidth allowed by local
regulations.

The MC13135 is designed for use with an LC quadrature
detector, and does not have sufficient drive to be used with a
ceramic discriminator. The MC 13136 was designed to use a
ceramic discriminator, but can also be run with an LC quad
coil, as mentioned in the Test Circuit Information secticn. The
data shown in Figures 12 and 13 was taken using a muRata
CDB455C34 ceramic discnminator which has been spegcially
matched to the MC13136. Both the choice of discriminators
and the external matching circuit will affect the distortian and
recovered audio.

RSSVOp Amp

The Received Signal Strength indicator (RSS!) on the
MC13135/13136 has about 70 dB of range. The resistor
needed to translate the RSS! current to a voitage output has
been included on the internal circuit, which gives it a tighter
tolerance. A temperature compensated reference current
also improves the RSS! accuracy over temperature. On the
MC13136. the op amp on board is cannected to the output to
provide a voltage bulfered RSSi. On the MC13135. the op
amp is not connected intemally and can be used for the RSSH
or as a data slicer (see Figure 17c).



Figure 15. PLL Controlled Narrowband FM Receiver at 46/49 MHz
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Figure 20a. Single Channel Narrowband FM Receiver at 49.7 MHz
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Advance Information
Dual PLLs for 46/49 MHz

Cordless Telephones
CMOS

These devices are dual phase—locked loop (PLL) frequency synthesizers in—
tended for use primarily in 46/49 MHz cordless phones with up to 10 channels.
These parts contain two mask—programmable counter ROMs for receive and
transmit loops with two independent phase detect circuits. A common reference
oscillator and reference divider are shared by the receive and transmit circuits.

Frequency seleciion is accomplished via a 4-bit parallel input for the
MC145166. The MC145167 utilizes a serial interface.

Other features include a lock detect circuit for the transmit loop, illegal code
default, and a 5 kHz tone output.

« Synthesizes Up to Ten Channel Pairs

* Maximum Operating Frequency: 60 MHz @ Vi =200 mV p—p
« Operating Temperature Range: — 4010 + 75°C

+ Operating Voitage Range: 2.5t0 5.5V

* On—Chip Oscillator Circuit Supports Extemal Crystal

o Lock Datect Signal

« Operating Power Consumption: 3.0 mA @ 3.0V

« Standby Mode for Power Savings: 1.5mA @ 3.0V

MC145166
MC145167

P SUFFIX
PLASTIC DIP-
CASE 648

DW SUFFIX
% SOG PACKAGE
CASE 751G

ORDERING INFORMATION

MC145166P Plastic DiP
MC145166D0W SOG Package

MC145167P  Plastic DIP
MC1451670W SOG Package

PIN ASSIGNMENTS
MC145166P
MC145166DW
OSCou 10 16 {] 0SCiy
MODE [] 2 s {vop .
S8(3 14 Tty
5k( 4 13 {1 FO1
pofl s 12 ] Vsg
p1Qs 1 {}P02
027 10 0
03f s 3 [tz
MC145167P
MC145167DW
OSCor [} 10 16 1 0SCip
MODE(] 2 13 0Vpp
R 12 16y
5k(] 4 13 P01
DATAQS .. 12[lvss
CX(e 1 [jro2
N7 0o
ENs(} s 9 [l 2
NC = NO CONNECTICN

This ¢ ing i ona new Soecificatons and i herein are subject 10 changs without notice.’
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MAXIMUM RATINGS" {Voltages Reterenced to Vgs)

Symbol Rating Value Unit
Voo DC Supply Voltage -05t0+6.0 v
Vin Input Voltage, All Inputs ~0.5wVpp + 0.5 v

lin lout | OC Current Orain Per Pin 10 mA

Ipp. Iss | OC Current Drain Vpp or Vgg Pins 30 mA
Ts,g Storage Ternperatura Range - 6510 + 150 *C

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Eiactrical Characteristics
tables or Pin Descriptions section,

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs, Ta = 25°C)

This device contains protection circuitry to
guard against damage due to-high static voit-
ages or electric fields. However,” precautions
must-be taken to avoid applications of any
voltage higher than maximum rated voltages
to this high~impedance circuit. For proper oper-
ation, Yin and Yot should be constrained to
the range Vgs < (Vin or Vour) S VpD.

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either Vgg
or Vpp). Unused outguts must be left open.

Guaranteed Limit
Symbol Characteristic Voo Min Max Unit
Voo Power Supply Voltage Range — 2.5 3.5 \
Vou Output Voitage 0 Level 25 - 0.05 v
(lout = 0) 5.5 - 0.05
Vo (Vin=Vpp or 0} 1 Level 25 2.45 —
5.5 5.45 —
ViL Input Voltage 0 Level 2.5 —_ 0.75 v
(Vout=0.5VorVpp-0.5V) 5.5 — 1.65
Vi 1 Level 2.3 1.75 -
55 3.85 —
loH Output Current  (Vayp=2.2V) Source 23 -0.18 —_ mA
(Vout=5.0¥) 53 -0.55 _—
loL {(Veur=0.3V) Sink 23 0.18 -
(Vout=0.5V) 55 0.55 —
1T input Current 0OSCin. fint. fin2 2.5 — -30 uA
(Vin=0) 55 - P
DATA, 5B, Mode 25 - -0.05
5.5 —_ -0.11
H Vin=Vpp -0.5) 0OSCin. fint. fin2 25 — 30 uA
5.5 — €6
DATA, SB. Mode 25 - 50
5.3 - 121
Cin Input Capacitance — — 140 pF
Cout Qutput Capacitance - - 8.0 pF
) Standby Current. S8 = Vgg or Open 2s - 1.4 mA
55 — 3.6 )
ldd Operating Current . 25 — 2.8 mA
{200 mV p—p input at fin4 and fin. 58 = Vpp) 55 — 6.2
oz Three-State Leakage Current 5.5 —_ =10 BA
{Voyt =0 0r 5.5 V)

i
1
I
1



SWITCHING CHARACTERISTICS (T = 25°C, C_ =50 pF)

fi Guaranteed Limit
igure
Symbol Characteristic No. Voo Min Max Unit
tTLH Qutput Rise Time 1,5 3.0 — 200 ns
5.0 -— 100
THL Output Fall Time 1.5 30 — 200 ns
5.0 _ 100
tr tf Input Rise and Fait Time, OSCin 2 3.0 —_ 5.0 us
5.0 —_ 4.0
frmax Input Frequency 0OSCin 30-5.0 —_ 12 MHz
Input = Sine Wave 200 mV p—p fint 3.0-50 —_— 60
fin2 3.0-5.0 —_ €0
tsu Setup Time (MC145167) DATA 1o CLK 3 3.0 100 -_ ns .
50 50 -
ENB to CLK 3.0 200 -_
5.0 100 -
th Hold Time (MC145167), CLK to DATA 3 3.0 80 — ns
5.0 40 —
trec Recovery Time (MC145167), ENB to CLK 3 3.0 80 - ns
' 50 40 _
" Input Pulse Width (MC145167), CLK and ENB s 30 | eo = ns
5.0 €0 _

=



SWITCHING WAVEFORMS
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PIN DESCRIPTIONS
INPUT PINS

0SCi/OSCout
Reference Oscillator Input/Output (Pins 1,16)

These pins form a reference oscillator when connected to
an external paralflel-resanant crystal. For a 46/49 MHz cord-
less phone application, a 10.24 MHz crystal is needed.
OSCin may also serve as input for an extemally generated
reference signal. This signal is typically ac coupled to
OSCip, but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external
reference mode, no connection is required for OSCqyt.

MODE
Mode Select (Pin 2)

Mode is for determining whether the part is to be used in
the base or handset of a cordless phone. Intemally, this pin is
used in the decoding logic for selecting the ROM address.
When high, the device is set in the base mode, and when
low, it is set in the handset mode. This input has an intemai
pull-down device.

S8
Standby Input (Pin 3)

The standby pin is used to save power when not transmit-
ting. When high, both the transmit and receive loops are in
operation. When low, the transmit loop is disabled, thereby
reducing power consumption. This input has an internal pull—
down device.

DO - D3
Data Inputs (MC145166 — Pins 5 - 8)

These inputs provide the BCD code for selecting the one
of ten channels to be locked in both the iransmit and receive
loop. When address data other than 1 - 10 are input, the de-
coding logic defaults to channel 10. The frequency assign-
ments with reference to Mode and DO — D3 are shown in
Table 1. These inputs have intemal pull~-down devices.

fint, fin2
Frequency Inputs (Pins 14, 9)

fint and fin2 are inputs to the divide-by-N receive and
transmit counters, respectively. These signals are typically
derived trom the loop VCO and are ac coupled. For larger
amplitude signals (standard CMOS logic levels), dc coupling
may be used. The minimum input level is 200 mV p-p.

CLK, DATA
Clock, Data (MC145167 — Pins 5, 6)

These pins provide the BCD input by using serial channel
programming instead of parallel. Logical high represents a 1.
Each low—to—high transition of the clack shifts one bit of data
into the on—chip shift register.

ENB
Enable (MC145167 — Pin 8)

The enable pin controls the data transter from the shift reg-
ister to the 4-bit latch. A positive pulse latches the data.

OUTPUT PINS

5k
S kHz Tone Signals (Pin 4)

The 5 kHz tone.signals are N-channel, open—drain out-
puts derived from the reference oscillator.

o
Lock Detect Signal (Fin 10)

The lock detect signal is associated with the transmit loop.
The lock output goes high to indicate an out-—of-lock condi-
tion. This is a P—channe! open—drain output.

PD1, PD2
Phase Detector Outputs (Pins 13, 11)

These are three—-state outputs of the transmit and receive
phase detectors for use as loop error signals. Phase detector
gain is Vpp/4 r volts per radian.

Frequency fy > f or fy leading: Output = Negative pulses

Frequency fy < fr or fy lagging: Output = Positive pulses

Frequency fy = Iy and phase coincidence: Output = High—

impedance state

POWER SUPPLY
Vss
Negative Power Supply (Pin 12)

This pin is the negative supply potential and is uéuaﬂy
ground.

Vpp
Positive Power Supply (Pin 15)

This pin is the positive supply potential and may range
from + 2.5 to + 5.5 V with respect to Vgs.



Table 1. MC145166/67 Divide Ratios and VCO Frequéncies

Handset (Mode = 0) Base (Mode = 1)
Channels Transmit Receive Transmit Receive
D3 D2 Dt DO |CH# | fjn2 (MHZ) =N tint (MH2) +N fin2 (MHz) +~N tint (MHz) =N
0 0 0 1 1 49.670 9934 35.915 7183 46.610 9322 38.975 7795
4] 0 1 0 2 49.845° 9969 35.935 7187 46.630 9326 39.150 7830
0 0 1 1 3 49.860 9972 35.975 7195 46.670 9334 39.165 7833
0 1 0 0 4 49.770 9954 36.015 7203 46.710 9342 39.075 7815
0 1 0 1 5 49.875 9975 36.035 7207 46.730 9346 39.180 7836
0 1 1 0 6 49,830 9966 36.075 7215 46.770 9354 39.135 7827
0 1 1 1 7 49.890 9978 36.135 7227 .46.830 ‘9366 39.195 7839
1 0 0 0 8 49.930 9986 36.175 7235 46.870 9374 39.235 7847
1 0 0 1 9 49,990 9998 36.235 7247 46.930 9386 39.295 7859
1 0 1 0 10 49.970 9994 36.275 7255 46.970 9394 39.275 785%
NOTES:
1. Other input combinations will e defaulted to channel 10.

2. 0 = logic fow, 1 = logic high.
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Figure 5. MC145166 Circuit Example
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Figure 6. DPLL Application in 46/49 MHz Cordless Phone
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