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PLL Frequency Synthesizer

with Serial Interface
CMOS

The MC145170-1 is a single—chip synthesizer capable of direct usage in the
MF, HF, and VHF bands. A special architecture makes this PLL the easiest to
program in the industry. Either a bit— or byte—oriented format may be used. Due
to the patented BitGrabber™ registers, no address/steering bits are required for
random access of the three registers. Thus, tuning can be accomplished via a
2-byte serial transfer to the 16-bit N register.

The device features fully programmable R and N counters, an amplifier at the
fin pin, on—chip support of an external crystal, a programmable reference
output, and both single— and double—ended phase detectors with linear transfer
functions (no dead zones). A configuration- (C)-register aliows the part to b
configured to meet various applications. A patented feature allows the
register to shut off unused outputs, thereby minimizing noise and interfer

In order to reduce lock times and prevent erroneous data from being-lo

divide ratio is loaded into the N register, both the N and.R goUnters are
jam—loaded with:their respective values and begin counting do
phase detectors are also initialized during the jam load.

¢ Operating Voltage Range: 2.5105.5V
+ Maximum Operating Frequency:
185.MHz @ Vi = 500 mV p—p, 4.5 V Mini
100 MHz @ Vi =500-mV p—p, 3.0 VM
. Operatlng Supply Current:.0.6 MA@ 3 ¥

Operating Temperature Rang
R Counter Division Rang

MC145170-1

- OG PACKAGE
CASE 751B

DT SUFFIX
TSSOP
CASE 948C

ORDERING INFORMATION

MC145170P1 - Plastic DIP
MC145170D1 SOG Package
MC145170DT1 TSSOP

PIN ASSIGNMENT

0SCin [ 10 161 Vpp
0SCoyut [ 2 151 oy
REFout [ 3 14[1 o
fin 1 4 131 PDoyt
Dinll 5 1211 Vgg
ENB [j 6 nw
ClK [ .7 10l fy
Dout [} 8 9l g

~ The MC145170-2 is recommended for new designs.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
BitGrabber is a trademark of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp.
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16-STAGENC PIN 16 =Vpp
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Symbol Parameter Value Unit’
Vpp DC Supply Voltage -0510+55 \
Vin DC Input Voltage . | ~05t0Vpp+05 [ V.
Vout. - | DC Output Voltage ~0510Vpp+05 | Vv
lin® | DCInputCurrent, p C 10 mA

v +20 mA

£30 ‘mA

-'300 mwW
— 6510+ 150 °C
260 °C

tmgs are those values beyond which damage to the.device may: occur.
operation should be restricted to the limits-in the Electrlcal Charactenstlcs
Pin Descriptions section. ' :

This device contains protection circuitry to-

- guard against damage due to high static

voltages or electric fields. However, pre-

*“cautions must be taken to avoid applications of

any voltage higher than maximum rated volt-
agesto this high-impedance circuit. For proper

operation, Vi and Vot should be constrained

ta the range Vgg < (Vip or Vo) < Vpp.
Unused inputs must always be tied to an

appropriate logic voltage level (e.g.; either Vgg

or Vpp). Unused outputs must be left open.

'MC145170-1
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, T = =40 to +85°C)

Vpp | Guaranteed
Symbol Parameter Test Condition ' Limit Unit
Vpp | Power Supply Voltage Range — 251055 \
ViL Maximum Low—Level Input Voltage* dc Coupling to fin 25 0.50 Y
(Din, CLK, ENB, finy) ' 4.5 1.36
5.5 1.65
VIH Minimum High-Level Input Voltage* de Coupling to fip
(Din, CLK, ENB, fip)
VHys Minimum Hysteresis Voltage (CLK, ENB)
VoL | Maximum Low-Level Output Voltage lout =20 nA
(Any Output)
VoH | Minimum High-Level Ouiput Voltage lout == 20 pA
(Any Output) . :
oL . | Minimum Low-Level Output Current Vout=0.3V
(PDout, REFout, fR, fv: LD, ¢R, ¢V) Vout=04V
s Vout = 05 V
loH Minimum High-Level Output Current Vout=2.2V 25 ~-0.12 mA
(PDgut REFaut. 1R, fv: LD, ¢R, ¢V) Vout=4.1V 4.5 —0.36
Vout=5.0V 55 -0.36
loL Minimum Low-Level Output Current Vout=0.4V 4.5 1.6 mA
(Dout)
loH Minimum High-Level Output Current 4.5 -1.6 mA
(Daut)
lin Maximum Input Leakage Current 5.5 +1.0 UA
(Djn, CLK, ENB, OSCip)
tn Maximum Input Current 5.5 +120 MA
(fin) ‘
loz Maximum Output L.eakage Current ' in= VDD or Vss, 5.5 +100 nA
T ) S Output'in High—Impedance State
IDD Vin = VpD or Vgg; Outputs Open; ' 55 100 HA
Excluding fi; Amp input Current Component
idd fin =500 mV p—p; — b mA
0OSCin=1MHz @ 1V p-p; ‘
LD, fR, fy, REFgut = Inactive and No Connect;
OSCout, 9V ¢R. PDout = No Connect;
Djn, ENB, CLK = Vpp or Vgg
*When d g to the OSCin pin-is used, the pin must be driven rail~to~rail. In this case, OSCqyt Should be floated.
**The n alties at 3 V'are 0.6 mA @ 30 MHz, and 1.5 mA @ 100 MHz. The nominal values at 5 V are 3.0 mA @ 50 MHz, and 5.8 mA

These-are not guaranteed limits.

MC145170-1
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AC'INTERFACE CHARACTERlSTICS (Tx=-40to +85°C, C'|_ﬁ‘= 50 pF, Input t = =10 ns unless otherwise indicated)

T . . ; Figure Vpp | Guaranteed
Symbol - Parameter No. v ~ Limit Unit
flk | Serlal Data Clock Frequency (Note: Refer to Clock ty, Below) 1 25 dcto 3.0 MHz
e SRR , R w 4.5 dcto 4.0
‘ E ’ 5.5 dcto 4.0
“tPLH, tPHL | Maximum Propagation Delay, CLK 6 Doy 1,5 25 150 ns
: ! ) 4.5 85
v 55 85
tpLZ, tPHz | Maximum Disable Time, Doy Active to High Impedance 2,6 2.5
_‘ e g ACIVE. TPeaE ‘ e
, » 5.5
tpzL, tpzH | Access Time, Doyt High Impedance to Active 2,6 25 ns
' ) g 4.5
tTLH, tTHL | Maximum Output Transition Time, Doyt CL=50pF 150 ns
50
CL =200 pF 900 ns
a i ; 150
55 150
Cin Maximum Input Capacitance - Djn, ENB, CLK — 10 pF
.Cdut Maximum Output Capacitance — Doyt ' — 10 pF
: TIMING REQUIREMENTS ( Ta =~ 40 to + 85°C, Input t; = tf = 10 Jotherwise indicated)
o , : ‘ ' ' : Figure Vbbp Guaranteed
Symbol % _ ‘Parameter No. V Limit Unit
tsus th Minimum Setup and Hold Times, Dig, vs 3 25 55 ns
i P v S 45 40
5.5 40
tsu» thy treg - | Minimum Setup, Hald, and R imes, ENB vs CLK 4 ‘25 135 ns
o 4.5 100
5.5 100
tw(H) ‘Minimum Inactive-H h,ENB - 4 25 400 ns
' T ‘ 45 300
, v 5.5 300
tw Minimum Pulse Width, CLK- - 1 25 166 ns
i : : 4.5 125
v ; 5.5 125
Input Rise and Fall Times, CLK 1 25 100 us
‘ Sl 4.5 100
55 100
7yMC(1 45170-1. MOTOROLA
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SWITCHING WAVEFORMS
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Figure. 1.

<«—— VALID ————>}

VpD
Din 50% ><

Vss
- g, -t —> )
VbD
CLK 50%
' — Vss
Figure 3.

fixture capacitance.

ure 5. Test Circuit

[ VoD
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Figure 4.
TEST POINT
CONNECT TO Vpp
_ 75kQ WHEN TESTING tpg 7
AND tpz|. CONNECT TO
m’)‘g& . Vgg WHEN TESTING
c tpz AND tpzH.
TEST :[- L PHz AND tpzH

* Includes all probe and fixture capacitance.

Figure 6. Test Circuit
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- LOOP SPECIFICATIONS (Ta =40 fo +85°C)

. e : Figufe VDD Guaranteed Range |
Symbol - Parameter Test Condition No. \' ‘Min Max Unit
f. Input Frequency, fin - Vin 2500 mV.p—p Sine- Wave, - 7 25 5 TBD MHz
: N Counter Set to Divide Ratio 3.0 5* 100
Such that fyy < 2 MHz 4.5 25" 185
e o 55 45* 185
f Input Frequency, OSCip | Vin2 1V p—p Sine Wave, 8 25" 1* 12 MHz
. | Externally Driven with. ac-Coupled - OSCgqyt = No Connect, 3.0. :
Signal - R R Counter Set to Divide Ratio 45
o : ) : .1 Such that fg < 2 MHz 55
fXTAL | Crystal Frequency; OSCi and OSCqyt | C1 < 30 pF 9 25
: C2<30pF 30
' includes Stray Capacitance 4.5
’ : : 55"
- fout - | Output Frequency, REF gyt CL=30pF ’
e Operating Frequency of the
‘ Phase Detectors 2
L A | 5
tw. | Output Pulse Width, oRg, ¢y, and LD fR in Phase with fy/ 8D ns
: o : | CL=50pF " 100
, - 90 -
| tTLH, | Output Transition Times, | CL.=50pF TBD ns
~1tTTHL - | OR, 0, LD, fR, and fy : 65
« : e 60
Cin Input.Capacitance © fin — — - 7 pF
0SCin — — — 7

* If lower frequency is desired, use wave shaping or higher amplitude s

signal in ac-coupled case. Also, see Figure 22 for dc decoupling.

6.

MC145170-1
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* Characteristic impedance
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MOTOROLA

Figure 7. Test Circuit
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Figure 9. Test Circuit

11. Switching Waveform-
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Figure 10. Switching Waveform

Figure 12. Test Circuit

V4

* Includes all probe and
fixture capacitance.
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“l 1 Serial Data Clock In

, PIN DESCRIPT‘IONS
DIGITAL INTERFACE PINS ;

Din '
Serial Data Input (Pin 5):

The bit stream ‘begins- with the ‘mos't significant bit (MSB) E

:, and is shifted in on the low—to-high transition of CLK. The bit

~ . patternis 1 byte (8 bits) long to access the C or configuration
' register, 2 bytes (16 bits) to access the N register, or 3 bytes
(24 bits) to access the R register. Additionally, the R register
can be accessed with a 15-Dit transfer (see Table 1). Anop-
- tional pattern which resets the device is shown in.Figure 13.

The values inthe C; N, and R registers do not change during
- shifting because the transfer of data to the registers is con-
“trolled by ENB." v : ‘ : :
The bit stream needs neither address nor steering bits due

- to the innovative BitGrabber registers. Therefore, all bits in
~ the stream are available to be data for the three registers. -

- Random access of any register is provided (i.e., the registers
~may be accessed in any sequence). Data is retained in the

~“registers over a supply.range of 2.5 to 5.5 V. The formats are
“shown in Figures 13, 14, 15, and. 16. ’

Din typically switches near 50% of Vpp to maximize noise .

immunity. This input can be directly interfaced to CMOS de-
-vices with outputs guaranteed to switch near rail~to—rail.
- When interfacing to. NMOS or TTL devices, either a level

‘shifter (MC74HC14A, MC14504B) or pull-up resistorof 110 .-

.- 10 kQ must be used. Parameters to consider when sizing the
- resistor are worst-case lo|’ of the driving device, maximum
| tolerable power-consumption, and maximum data rate.

, Table 1. Register Access .- :
(MSBs are shifted in first, C0, N0, and R0 are the LSBs).¢

-Number Accessed Bit
of Clocks .-Register- - Nomenc|
445 - (Reset)
8 - C Register co
16 N Register. ., NO
150r 24 R Register .-Ro
1| Other Values <32 - None.
Values > 32 See Figures .«
' : v 24—3
CLK-.

in7): .
Clock shift bits available at Dip,,
sitions shift bits from Doyt The chip’s
gister is ‘static, allowing. clock rates
nuous.or intermittent mode.

- Low—to—high tran;
. .;while high—to~
16-1/2-sta

ycles
evice; this is optional. Eight clock cycles are re-
access the C register. Sixteen clock cycles are
v or the N register. Either 15 or 24 cycles can be used
to access the R register (see Table 1 and Figures 13, 14, 15,
and 16). For cascaded devices, see Figures 24 — 31.
. CLK typically: switches near 50% of VDD and has a
~'Schmitt~triggered input buffer. Slow CLK rise and fall times
:are allowed. See the last paragraph of Din for more informa-
tion. - e e '

- transfer of data to/from the device. Whe

- high).is taken low; a serial tran

followed by five cldck cycles are needed -

NOTE

To guarantee proper operation of the power—on
reset (POR) circuit, the CLK pin must be held at
the potential of either the Vsg or Vpp pin during
. power up. That is, the CLK input should not be
- floated or toggled while the Vpp pin is ramping
fromOto atleast 2.5 V. If control of the CLK pin is
not practical during power up, the initialization se-
quence shown in Figure 13 must be used.

ENB
Active-Low Enable Input (Pin 6)

This pin is used to activate the serial inte allow the

in an inac-
to the high—
initialized state.
ieh must start inactive
made via Djpy and CLK,
ow-to-high transition on
or R register depending on

tive high state, shifting is inhibited, Dy,
impedance state, and the port is he
To transfer data to the device, E

and ENB is taken back hi
ENB transfers data to:the
the data stream lengt

ENB must not be attempted while
gh. This puts the device out of synchro-
1with the microcontroller. Resynchroniza-

put is also Schmitt~triggered; and swiiches near
DD, thereby minimizing the charice of loading erro-
s data into the registers. See the last paragraph of Din
"more information. o

Dout
Three—-State Serial Data Output (Pin 8)

Data is transferred out of theé 16-1/2—stage shift register
through Doyt on the high—to~low transition of CLK. This out-

putis a No Connect, unless used in one of the manners dis-

cussed below. ‘ _

- Dout could be fed back to an MCU/MPU to perform a wrap—
around test of serial data. This could be part of a system
check conducted at power up to test the integrity of the sys-
tem’s processor, PC board traces, solder joints, etc.

The pin could be monitored at an-in—line QA test during

* board manufacturing.

Finally, Doyt facilitates troubleshooting a system and per-

. mits cascading devices.

REFERENCE PINS
OSCin /OSCout

- Reference Oscillator Input/Output (Pins 1, 2)

These pins form a reference oscillator when connected to
terminals of an external parallel-resonant crystal. Fre-
quency—setting capacitors of appropriate values as recom-

.~ mended by the crystal supplier are connected from each pin

to ground (up to a maximum of 30 pF each, including stray
capacitance). An external feedback resistor of 1 to 15 MQ is
connected directly across the pins to ensure linear operation
of the amplifier. The required connections for the compo-

nents are shown in Figure 9.

- MC145170-1
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If desired, an external clock source can be ac coupled to
0OSCijp- A 0.01 pF coupling capacitor is used for measure-
ment purposes and is the minimum size recommended: for
applications. An external feedback resistor of approximately
10 MQ is required across the OSCjp and OSCgqyt pins in
the ac—coupled case (see Figure 8). OSCoyt is an internal
node on the device and should not be used to drive any loads
(i.e.; OSCqyt is unbuffered). However, the buffered REFgt
is available to drive external loads.

The external signal level must be at least 1 V p—p; the
maximum frequencies are given in the Loop Specifications
table. These maximum frequencies apply for R Counter
divide ratios as indicated in the table. For very small ratios,
the maximum frequency is limited to the divide ratio times
2 MHz. (Reason: the phasé/frequency detectors are limited
t0-a maximum input frequency of 2 MHz.)

If -an external source is available which swings rail-to-rail
(VpD to Vss), then dc couplingcan be used. In the dc—
coupled case, no external feedback resistor is needed.
OSCqyt must be a No Connect to avoid loading an internal
node on the device, as noted above. For frequencies below
1 MHz, dc coupling must be used. The R counter is a static
counter and may be operated down to dc. However, wave
shaping by a CMOS buffer may be required to ensure fast
rise and fall times into the OSCin pin. See Figure 22.

Each rising edge on the OSCip, pin causes the R counter to
decrement by one.

REFout
Reference Frequency Output (Pin 3)

This output is the buffered output of the crystal-generate
reference frequency or externally provided referenc
This output may be enabled, disabled, or scale
the C register (see Figure 14).

REF gyt canbe used to drive a micropro
thereby saving a crystal. Upon pow
power—on—initialize circuit forces RI
divided—by-8 mode.

REFgqt is capable of operati
Specifications table. Therefor
ence divider are restricted
quencies above 10 MH
If unused, the pin sho

ack input,
on—chip

Hz; see the Loop
values for the refer-
or higher for OSCip fre-

floated and should.be disabled

nal is the buffered output of the 15-stage R count-
“can be enabled or disabled via the C register (pat-
nted). The output is disabled (static low logic. level) upon
power up. If unused, the output should be left-disabled and
unconnected to minimize interference with external circuitry.

The TR signal can be used to verify the R counter’s divide
ratio. This ratio extends from 5 to 32,767 and is determined
by the binary value ioaded into the R register. Also; direct
access to the phase detector via the OSCjp, pin is allowed by
choosing a divide value of 1 (see Figure 15). The maximum
frequency which the phase detectors operate is 2 MHz.
Therefore, the frequency of fR must not'exceed 2 MHz.

When activated, the fR signal appears as normally low and
pulses high. .

is normally sourced

the OSCjnp

N Counter Output (Pin 10)

This signal is the buffered output of the 16—stage N count-
er..fy can be enabled or disabled. via the C-register (pat-
ented). The oufput is disabled (static low logic level) upon
power up. If unused, the output should be left disabled and
unconnected to minimize interference with external circuitry.

The fy signal can be used to verify the N counter’s divide
ratio. This ratio extends from 40-to 65,535 and is det@rmlned
by the binary value loaded into the N register: T
frequency which the phase detectors operaj
Therefore, the frequency of fiy must not-exce

When-activated, the fy signal appeal
pulses high.

LOOP PINS
fin
Frequency Input (Pin 4)
This pin is a frequeng
the on—chip amplifier

mrally low and

rom the VCO. This pin feeds
rives the N counter. This signal
n external voltage—controlled os-
is ac—coupled into fin. A 100 pF coupling
measurement purposes and is the mini-
ended for applications (see Figure 7). The
flity of this input is dependent on the supply
Ilsted in the Loop Specifications table. For small
e ratios, the maximum frequency is limited to the divide
imes 2.MHz. (Reason: the phase/frequency detectors
limited to a maximum frequency of 2 MHz.)
For signals which swing from at least the Vy_to ViH levels
listed in the Electrical Characteristics table, dc coupling
may be used. Also, for low frequency signals (less than the
minimum -frequencies shown in the Loop Specifications
table), dc coupling is a requirement. The N counter is a static
counter and may be operated down to dc. However, wave
shaping by a CMOS buifer may be required to ensure fast
rise and fall times into the fi pin. See Figure 22.

Each rising edge on the fin. pin causes the N counter to
decrement by 1.

PDout
Single-Ended Phase/Frequency Detector Output
(Pin 13)

This is a three—state output for use as a loop error signal

cﬂlator (VCO

‘when combined with an external low—pass filter. Through use

of a'Motorola patented technique, the detector’s dead zone
has been eliminated. Therefore, the phase/frequency detec-
tor is characterized by a linear transfer function. The opera-
tion of the phase/frequency detector is described below and
is' shown in Figure 17.
POL bit (C7) in the C register = low (see Figure 14)
Frequency of fy > fR or Phase of fy-Leading fR: negative

pulses from high impedance

Frequency of f\f < fR or Phase of fy Lagging fR: positive
pulses from high impedance

Frequency and Phase of fy = fR: essentially high—-impe-
dance state; voltage at pin determined by loop filter

POL bit (C7) = high

Frequency of fy > fR or.Phase of fy Leading fR: positive
pulses from high impedance

Frequency of fiyy < fR or Phase of fy:Lagging fR: negative
pulses from high.impedance

Frequency and Phase of fy = {R: essentially high-impe-
dance state; voltage at pin determined by loop filter

MOTOROLA
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This output can be enabled, disabled, and inverted via the
. C register. If desired, PDgoyt can be forced to the high-impe—
- dance state by utilization of the disable feature in the C regis-
“ter (patented).. . :
~ 9R and ¢y S ‘
- Double-Ended Phase/Frequency Detector Outputs
~~(Pins 14, 15) s L S

- These outputs can be combined externally to generate a

~loop error signal. Through use of ‘@ Motorola.patented tech-

nique, the detector's dead zone has been eliminated. There-
“fore, the phase/frequency detector is characterized by a
_linear transfer function. The operation of the phase/ire-

quency dstector is described below and is shown in Fig-

ure 17.
- POL bit (C7) in the C register = low (see Figure 14) .
Frequency of fy > fR or Phase of fy Leading fR: ¢y = nega-
. tive pulses; ¢R = essentially high S -

Frequency of fy < fR or Phase of fv Lagging fR: oy =essen-

tially high, R = negative pulses -

Frequency and Phase of fy = fR: ¢y and R remain essen-

tially high, except for a small minimum time period when both
pulse low in phase L el
POL bit:(C7) = high ‘ BN , R
‘Frequency of fy > fR or Phase of fy Leading fR: ¢R = nega-
. tive pulses, ¢y = essentially high ‘
- Frequencyof fy < fR or Phase offy LaggingfR: o R =essen-
-+ tially high; ¢y = negative pulses S '

Frequency and Phase of fy = fR: ¢y and ¢‘R remain essen- '

tially high, except for a small minimum time period when both
‘pulse low in phase ' ' _ .

These oufputs can b>e enabled, disabled, and inter-

- changed via the C register (patented).

LD

Lock Détector Output (Pin 11)

This output is essentially at'a high fevel with narrow low—
going pulses when the loop is locked (fR and fy of the same
phase and frequency). The output pulses low when fyand iR
are out of phase or different frequencies (see Figure 173

This output can be enabled and disabled via th

(patented). Upon power up, on—chip. initializgt” uitry

disables LD to a static low logic fevel to pre
signal..If unused, LD should be disabled ap

POWER SUPPLY
VbD e
_Most Positive Supply Po Pin16) -
This pin'may range fro 05.5 V with respect fo Vgs.

e, VDD should be bypassed to
ance:capacitor(s) mounted very close
gths on 'the capacitor(s) should be

-‘Most:Negative Supply Potential (Pin 12

is pin is usually ground. For measurement purposes,
Vgs pin is tied to a ground plane. :

7 077

FLALAF

LTI

P;ZEROES—H«SEA\E; <— ZEROES——» ONE | ZERO}———— DON'T CARES——»

OTE: Thisinitialization sequence must be used immediately after power up if control of the GLK pin is nat possible. That
) is, if CLK (pin 7) toggles or floats upon power up, use the above sequence to reset the device.
Also, use this'sequence if power is momentarfly interrupted such that the supply voltage to the device is reduced

* 1o below 2.5'V, but not down t0.0.V (for example, the supply-drops down to 1 V). This is necessary because the
‘on—chip power—on reset is only activated when the supply ramps up from 0 V.

Fighre 13. FlesetSequence

v MC145170-1
: ‘.-10' : ‘
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ENB | :

CLK 1 2 3 4 5 6 7 8

*+—>

= =1 L= V)

*At this point, the new byte is transferred to the C register and stored. No other registers
are affected.

C7 —POL: ‘Selects the output polarity of the phase/frequency detectors. When set high, this &
PDgyt and interchanges the ¢g function with ¢y as depicted in Figure 17. Also s
datector output pin descriptions for more information. This bit is cleared low at

C6 — PDA/B:. Selects which phase/frequency detector is to be used. When set hig
phase/frequency detector A-(PDgyt) and disables phase/irequenc
and ¢y to the static high state. When cleared low, phase/irequ
and ¢y) and phase/frequency detector A is disabled with PDgy;
state. This bit is cleared low at power up.

s the output of
B by forcing ¢R
stor B is enabled (¢R
o the high-impedance

C5-~LDE: Enables the lock detector output when set high. itis cleared low, the LD output is

C4 -~ C2, 0SC2 - 0SC0: Reference output controls which determi = EFout characteristics as shown below. Upon

'REF oyt Frequency
dc (Static Low)
0SCin

0SCin/2

OSCip, /4

0SCin/8

0SCin/16

OSCi /8

0SCi/16

vE:  Enables the fy output when set high. When cleéred low, the fyy output is forced to a static low
level. The hit is cleared low upon power up.

CO—1fRE: Enables the fp output when set high. When cleared low, the fg output is forced to a static low
level. The bit is cleared low upon power up:

Figure 14. C Register Access and Format (8 Clock Cycles are Used)

MOTOROLA | | MC145170-1
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1-0LISPLON

V104OLON

(pasn g ue) se9AD 40019 G| 10 g Jeyn3) Sjew.o4 pue $Sa09y 1015169y H'S1L ainbiy

o FLFLFLFLFLFLFLFLFLFLPLFL L LR LRt el o oL P

. 7 z — - v/ y
.Dm//x xxUxfxPxUxfxHx HrulfriaYriz[{rin [|r1o[] ro ;ﬁf}%
. yd ] ’ . : : -

MSB

1] re mHRo

SEEBELOW - _ | SEEBELOW

DON'T CARE BITS
_|13 |14 5] *

MSB LSB

~ 7] Q07

— Y W A

ENB

CLK |»1

NOT ALLOWED = _ : :
R COUNTER = +1 (DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTOR)
NOT ALLOWED : :
" NOT ALLOWED
NOT ALLOWED
R COUNTER =5
R COUNTER = +6
R COUNTER =7

TN O B WM - —

7 F F E' RCOUNTER =-+32,766
7 F F F RCOUNTER =+32,767

OCTALVALUE J HEXADECIMAL VALUE DECIMAL EQUIVALENT

* At this point, the new data is transferred to the R register and stored. No other registers are affected.
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o __PLFLRLFLFLFLALAL LR

Din / N15 [ N14 [ N1 N12E>N11 Nofl No [ N8 [ N7 N6 [ NS
I [ I I | I I I | I

NOT ALLOWED
NOT ALLOWED
. NOT ALLOWED
NOT ALLOWED

= N = = I = )
o000
e Do o0 o
W —-—O

NOT ALLOWED
NOT ALLOWED
NOT ALLOWED

+ 6553 »
L DecimaLequivaLENT

* At this point, the two new bytes are transferred to the N regi»sté and stored. No other registers are affected. In addition, the N and
R counters are jam—loaded and begin counting down together.

Figure 16. N Regi

. R
REFERENC _
osng,IL : [ 1 | IE
fy - - :
FEEDBACK ) | —
(in=1) ' | - [~y

* — VH

PDout

HIGH IMPEDANCE
—
VH
—
VH
— v
VH
— v

e

—

L
—

- LD

L
—

Vi = High voltage level

V| = Low voltage level !

*At this paint, when both fR-and fy are in phase, both the sinking and sourcing output FETs are turned on for a very shortinterval.

NOTE: The PDg,t generates error pulses during out—of-lock conditions. When locked in phase and frequency, the output is high
impedance and the voltage at that pin is determined by the low—pass filter capacitor. PDgyt, $R, and ¢y are shown with the

polarity bit (POL) = low; see Figure 14 for POL.

Figure 17. Phase/Frequency Detectors and Lock Detector Qutput Waveforms

MOTOROLA | R | MC145170—1
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~operating frequencies listed in the

DESIGN CONSIDERATIONS
'CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide e ref-

erence frequency to Motorolas CMOS frequency synthe-

‘sizers.:

Use of a Hybrid Crystal Osclllator '

Commercnally avallable temperature—compensated crystal
-oscillators (TCXOs) or crystal—controlled: data clock oscilla:

. tors.provide very stable: reference frequencies. An oscillator

"capable of CMOS logic levels at the output may be direct or

~'dc coupled to OSCip: If the oscillator-does not have CMOS -
'logic levels on-the outputs, capacitive or ac coupling to.

OS8Cin may be used (see Figure 8).
- For additional: information: about TCXOs and data clock
oscillators, please consult the latest version of the eem Elec-

- tronic Engineers Master Catalog,'fhe, Gold Book; or-similar -

‘publications. ;
‘Design an Off-Chip Reference " -

" The user may design an off-chip crystal oscillator using

. discrete transistors or ICs specifically developed for crystal.

‘oscillator appllcatlcns such as the MC12061 MECL device.

“The reference signal from the MECL device is ac coupled to

0SCiny (see Figure18). Forlarge amplitude signals (standard

o :CMOS logic Ievels) de coupllng is used.

p iUse of the On-Chip Oscillator Clrcu1try

~ The on—chip amplifier- (a dlgltal mverter) along with-an ap-
propriate crystal may be used to provide a reference source
~ frequency. A fundamental mode crystal, parallel reson
‘the: desired operatlng frequency, should be con
‘shown in Figure 18." ’
, The crystal should be specxfled for a loadin
(CL) which does not exceed 20 pF when u

- table. Larger C|_ values are: possible.
Assuming R1.= 0 Q, the shunt:lo
‘ented across the crystal can be g

: Cl.eC2
C C '
o sray + o
where
Cin
Cout
C

Ct and C2 =external capagcitors (see Figure 18)
e total equivalent external circuit stray capaci—

tance appearing across the crystal terminals

Th oscxllator can be: “trlmmed” on—frequency by making a

g portlon orall of C1 variable. The crystal and associated com-

~ ponents must be located as close as possible to the OSCip,

and OSCoqyt pins to minimize distortion, stray capacitance,’

stray inductance, and startup stabilization time. Circuit stray

capacitance can also be handled by adding the appropriate.

- stray value to the values for Cin and Cgyt. For-this approach,

< the term Csfray becomes 0 in the above expression for C[.

_ Power is dissipated in the effective series resistance of the
. crystaf Re, in Figure 20. The maxrmum drive level specified

 with anincrease in supply voltage. The operating s

- overdriven condition exists. The user should r.
~ cillator start-up time is proportional to the

CMOS inverters, many crystal man

~cussions-with such manufact

by the crystal manufacturer represents the maximum stress
that the crystal can withstand without damage or excessive
shift in operating frequency. R1 in Figure 18 limits the drive
level. The use of R1 is not necessary in most cases.

To verify that the maximum dc supply voltage ‘does not
cause the crystal to'be overdriven, monitor the output fre-
quency at the REFq; pin (OSCgqt is not used because load-
ing impacts the oscillator). The frequency should increase

: .. veryslightly as the dc supply voltage is increased. An over-

driven crystal decreases in frequency or becomes u

" Through the process of -supplying
*ers have devel-
n with crystals. Dis-

oped expertise in-CMOS oscillator desi
can prove very helpful

(see Table 2).

———

FREQUENCY
SYNTHESIZ;-:

OSCout

. *May be needed in certain cases. See text. -

Figure 18. Pierce Crystal Oscillator Circuit

© 08Cjy o- I = I
Cin }___“ __JI Cout __:r—"

T—o 0SCyyt

i

Cstray

Flgure 19. Parasitic Capacitances of the Amplifier
) and Cstray

- MC145170-1

14

T 2 2
°——|Df—° =
NOTE: Values are supplied by crystal manufacturer
(parallel resonant crystal).
Figure’20. Equivalent Crystal Networks
MOTOROLA
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RECOMMENDED READING : D. Kemper, L. Rosine, “Quartz Crystals for Frequency
Cantrol”, Electro—Technology, June 1969.
P. J. Ottowitz, “A Guide to Crystal Selection”, Electronic

Technical Note TN~-24, Statek Corp. Design, May 1966.
Technical Note TN~7, Statek Corp. ) D. Babin, “Designing Crystal Oscillators", Machine Design,
E. Hafner, “The Piezoelectric Crystal Unit-Definitions and March 7, 1985.
Method of Measurement”, Proc. IEEE, Vol. 57, No. 2, Feb.. D. Babin, “"Guidelines for Crystal Oscillator Design”,
1969. ’ Machine Design, April 25, 1985.

Table 2. Partial List of Crystal Manufacturers

Motorola — Internet Address- http:/motorola.com (Search for resonators)

United States Crystal Corp.

Crystek Crystal

Statek Corp.

" Fox Electronics .

NOTE: Motorola cannot recommend one supplier overanother and i
that this is a complete listing of crystal manufacturer

MOTOROLA | | MC145170-1
| - 15
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PHASE-LOCKED LOOP — LOW PASS FILTER DESIGN

(A)  PDoy veo = Kokvoo

R1 ®n= NR1C
. ‘ : v © Nep:
CI 7 th 2KyKvco
= L : 1
v - T o v Fol=  Rscet
_ S -
()  PD vCo L : ) _KeKveo
| T e L op = [/ NC(Ry +Ra).
Ro . ‘
= 05 (nc
c EE g Op | 2L+ Kokve

—7[_—:_ o ‘ ' Fv RosC-+ 1
| | 9= s e 4.

©

vCco

NOTE: : :
For (C), R1 is frequently split into two series resist
midpoint fo ground to further filter the error puls
significantly affect . '

DEFINITIONS:

resistor is equal to Ry divided by 2. A capacitor Cc is then placed from the
ue.of-C¢ should be such that the corner frequency of this network does not

Ky (Phase Detector Gain) = Vpp#
K¢ (Phase Detector Gain)

onaf
-~ Kyco (VCO Gain) = ALXQQ

omty,vthe user might consider a damping factor { = 0.7 and a natural loop frequency on = (2nfR/50) where
e detector input. Larger wp, values result in faster loop lock times and, for similar sideband filtering, higher

For a nominal design
iR is the frequency
fr—related VCO side
ADING: - - : ‘
M., Phaselack Techniques (second edition). New York, Wiley-Interscience, 1978.
ifsch, Vadim, Frequency-Synthesizers: Theory and Design (second edition). New York, Wiley—Interscience, 1980.
ard; Alain, Phase—Locked Loops: Application to Coherent Receiver Design. New York, Wiley—Interscierice, 1976.
illiam F., Frequency Synthesis by Phase Lock. New-York, Wiley—interscience, 1981.

. e, Ulrich L.; Digital PLL Frequency Synihesizers Theory and Design. Englewood Cliffs, NJ, Prentice—Hall, 1983.

Bé‘rlin, Howard M., Design of Phase—Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978,

Kinley, Harold, The PLL Synthesizer Cookbaok. Blue- Ridge Summit;. PA, Tab Books, 1980.

Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp- 538-586. New York, John Wiley & Sons.

Fadrhons, Jan, “Design and Analyze PLLs on a Programmable Calculator,” EDN. March 5, 1980. o

ANS535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970.

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design,

1987. R : :
AN1207, The MC145170 in Basic HF and VHF Oscillators, Motorola' Semiconductor Products, Inc., 1992.
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>—' VHF OUTPUT
BUFFER

VHEVCO  |e— LOW-PASS FILTER
] V+
0SCiy Vop o
9 15 OPTIONAL
| OSCout OV = | LOOPERROR
3 14
R Sl w ] o
4 o
1 fin e
51 o
Din 5
I =
$ e
MCU ok
«———— OPTIONAL — 8 ot
L I THRESHOLD
= : ~ DETECTOR
OPTIONAL
NOTES:

1. The ¢r and ¢y outputs are fedto an external
Loop — Low—Pass Filter Design page for a
swing rail-to-rail. Therefore, the user shou
input range of the op amp used inthe con

2. For optimum performance, bypass the
tance capacitors.

3. The R counter.is programmed fof'a divide value = OSCin/fR. Typically, fr is the funing resolu-
tion required for the VCO. Al VCO frequency divided by fg = N, where N is the divide
value of the N counter

4. May be-an R-C low

net/léop filter. See the Phase-l.ocked
Linformation. The ¢R and ¢y outputs
areful not to exceed the-common mode
erffoap filter.

to Vgg (GND) with one or more low—induc-

gure 21. Example Application

MOTOROLA

MC145170-1
17
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V+

—— NO CONNECT

Vbp
A_lo>o-C 0SCip 0SCoyt
MC74HC14A MC145170-1
B D
o fin
Vss

or square waves with slow edge rates or noisy signal edg
Points C and.D, the signals are cleaned up, have sharp
rates, and rail-to—rail signal swings. With signals as deseri

to a frequency as low as de.-

Figure 22. Low Frequency Operatior

g dc Couplihg

MC145170-1
18
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&
Q

(%) e
Itz
fin (PIN 4) : =15
SOG PACKAGE o 392 B
T N Py
<
Q z
B 3 8 o r8fard o TH T 1208 & < o o 2]%
o AR S 2 : o18
STANCE COMPONENT(—ZT)‘OR CONDUCTANCE COMPONE .('%) AL
213
542
F

o

83335 30 o}
S37443)

&

Frequency Resistance Reactance Capacitance
Marker {MHz2) . {Q) {pF)
1 5 ~5900 5.39
2 100 - 347 458
3 150 25, -237 448
4 185° 42.6 -180 4.79

hput Impedance at fj, — Series Format (R + jX)
(5 MHz to 185 MHz)

DEVICE #1 DEVICE #2
MC145170-1 MC145170-1
CLK  ENB  Dgy . Dp CIK  ENB . Dy
[} ) B [} ) )
33kQ
NOTE1
CMOS Z
MCU
- - OPTIONAL
NOTES:

- 1. The 33 kQ resistor is needed to prevent the Djp, pin from floating. (The Dgj;t pin is a three—state output.)
2. See related Figures 25, 26, and 27.

Figure 24. Cascading Two MC145170-1 Devices

MC145170-1

MOTOROLA
19
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I-OLLSVION

$901A3Q 1-0. 1P DN POPEISED
‘omL jo si9ysifey o ayi Buissasoy "¢z ainbig

$801A3Q 102151 LOW Papessed
om| jo sia)siboy Y 'aq_; Buissaonay ‘9z aunbi4

YI1OHO10NW

ok ! 2 S_'T_F_I?_ITO_ f 6 17—|§ 23
i U L] s ¥

£C : L£C £C
J

FLAL R

7 : =y T~ r) v ~ [ i 7
D; ,{f/{/ x-gxr X X Ox- |1 X M c7 [1-Ce 4 X ] o7 [] c6 K co ,
N4 s L g l, W07
C REGISTER BITS OF DE G REGISTER BITS OF DEVICE #1
IN FIGURE 2 - INFIGURE 24 »

180 ‘|31 39 |4O 4 42 44 45). 48 49 50 55 56
_(C Ec

Ri4 Y R13 R9 Rt [{Ro[] x m4 v il H mlrll Ro :ji/
—d B——33 ' - - 15 <
\_ B N , | -

N
™

Do)
A Y
Y

L)
o™

N
N
N
A el

R REGISTER BITS OF DEVICE #2 - R REGISTER BITS OF DEVICE #1
IN FIGURE 24 i IN FIGURE 24

ta is fransferred to the R registers of both devices and stored. No other registers are affected.

*
P
=
o
=
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o
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V10OHOLON

a 1-0L1LSYLOIN papease) omy o siajsibay N au} Buisseoy "2 2inbid

SIVIAD

I-0L1SVION

¥4

%
CLK 1 2 8 9 10 15 47 48
_ P PLPL ¥ ¥
7 5 §5 5
o0 7] % 7 K [~
LM 5 g ! ?
S
N REGISTER BITS OF DEVICE #2 N REGISTER BITS OF DEVICE #1
IN FIGURE 24 : ’ IN FIGURE 24

*At this point, the new data is transferred to the rs of both devices and stored. No other registers are affected.
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A
VPD
Vbp Vb Voe VFD
DEVICE #1 DEVICE #2
MC145170-1 NOTE 2 OUTPUT A
Dipy CLK = ENB  Dgu Din CLK. ENB {Dout)
'y | S } Y A ]
33kQ
NOTE 1
CMOS -
MCU , -
‘ - - ~———————— OPTIONAL -
NOTES:-

1. The 33 kQ resistor is needed to prevent the D,n pin from floatmg (The Dgyt pi
2. This PLL Frequency Synthesizer may be a MC145190, MC145191, MC145192
3. See related Figures 29, 30, and 31.

Figure 28. Cascading Two Different Device

MC145170-1

MOTOROLA
22
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£C

VIOHOLON

I-0L1SY O

sadA| 991A9Q JUBISMIQ
‘oMl 1o siaisifiay 9 ayy Buysseddy '6g 24nbiy

sadA| a01AaQ JUSIOYIg OML
jo s1a)sifioy Y pue v ayl Buisseooay "0 anbig

PARER .

C {C ' £
’ )7 27 )5 ~ PH)
Djp A x| x X[l x|} X X [] c7 [{ ce coH X X || ¢t} ce co /
55 g 5 ——
VT . DS
C REGISTER BITS OF DEV! C REGISTER BITS OF DEVICE #1
iN FIGURE 28 IN FIGURE 28

*At this point, the new data is transferred to the C registers of both devices and stored. N gisters are affected.

39 40 4 42 43 46 47 48 55
_g;_l | | —s&—J,

)7 )
A0 X E R14 [1 R13 R9 R8
{C S

RO

e

- N
AREGISTER BITS OF DEVICE #2 R REGISTER BITS OF DEVICE #1
IN FIGURE 28 IN FIGURE 28

*At this point, the new data is transferred to the A register of Device #2 and R register of Device #1 and stored. No other registers are affected.
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PACKAGE DIMENSIONS

P SUFFIX
PLASTIC DIP (DUAL—IN-LINE PACKAGE)
CASE 648-08

o o e W O e e W s

16

<o —>

SEATING
o PLANE

~K

L2
)

D16 PL

[@] 025 0o1)@[T]A ®|

SOG (SMALL-OUTLINE GULL-WING) PACKAGE
- CASE 751B-05

P sPL

[$]0250010@[T[B ®[AG]

NOTI
1
2
3.

P
5.

. CONTROLLING DIMENSION: INCH.

. DIMENSION B DOES NOT INCLUDE M|

ES:
- DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

DIMENSION L TO CENTER OF LEADS WHE|
FORMED PARALLEL.

ROUNDED CORNERS OPTIONAL.

NOTES: .
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982 ’

. CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUBE
MOLD PROTRUSION. :

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INGLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL

w o

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
MILLIMETERS | INCHES
| o[ WIN_| MAX | WIN | WA
A | 980 | 10,00 | 0386 | 0.393
B | 280 [ 400 | 0150 | 0.157
G| 135 | 175 | 0054 [ 0.068
D | 035 | 049 | 0014 [ 0.010
F | 040 | 125 ] 0016 | 0049
G 127 BSC 0.050 BSC
31 019 | 025 | 0008 | 0.009
K| 010 | 025 | 0.004 | 0.000
M| o0°] 7°| o°[ 7°
P | 580 | 620 | 0220 | 0244
B | 025 | 050 0.010 | 0019

MOTOROLA

- MC145170
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PINT
. IDENTIFICATION

TSSOP (THIN SHR

A

DT SUFFIX

CASE 948C-03

- -16x 'K REF

[

L
N

AT

9

| TIFEe

AR

E o

C
mlililil

i

ilili

f— - K —3

J1—|
B |

SECTION A-A

olowewy® F T T
iw D G p

e

" T@] 0200 0008 BT

UNK SMALL-OUTLINE PACKAGE)

et

NOTES:
1

. DIMENSIONING AND TOLERANCING PER ANSI

@

FS

e

. DIMENSION 8 DOES NOT INCLUDE INTEF

. DIMENSION K DO

Y14.5M,1982.

.- GONTROLLING DIMENSION: MILLIMETER.
. DIMENSION A DOES NOT INCLUDE MOLD

FLASH, PROTRUSIONS OR GATE BURRS,
MOLD FLASH OR GATE BURRS SHALL
EXCEED 0.15 (0.006) PER SIDE.

FLASH OR PROTRUSION. INT
ORPROTRUSION SHA
(0.010) PER SIDE.

! A AND B ARE TO BE
MINED AT DATUM PLANE -U-,

MILLIMETERS INCHES
MIN [ MAX | MIN | MAX

— 5.10 -— | 0.200
430 | 450 | 0.169- | 0.177
- 1.20 ~— 1 0047

005 | 025 0002 | 0.010

045 | 055 | 0018 | 0.022

0.65BSC 0.026 BSC

0.22 023 | 0.009 | 0.010

0.08 024 ] 0.004 | 0.009

0.09 [ 018 § 0004 | 0.007

016 032 | 0.006 | 0.013

016 | 026 | 0.006 | 0.010

630 | 650 | 0.248 | 0.256

== |E|=|x|o[n|olo o)

0° 10° 0° 10°

MC14

26

5170-1
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Motorola reserves the rj ke changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding

. the suitability of its proc ny particular purpose, nor dees Motorola assume any liability arising out of the application or use of any product or circuit, and

specifically disclaims: allliability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorota

fications can and do vary in different applications and actual performance may vary overtime. Alloperating parameters, including “Typicals”

ch customer application by customer’s technical experts. Motorola does not convey any license undet its patent rights nor the rights of

yducts are not designed, intended, or authorized for use as components in systems intended for. surgical implant into the body, or other

tled to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury

ur.-Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola

, employees, subsidiaries, affiliates, and distributars harmless against all claims, costs, damages, and expenses, and reasonable attorney fees

f, directly or:indirectly; any: ctaim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that

was negligent regarding the design or manufacture of the part. Motorola:and @ are registered trademarks of Motorola, Inc. Matorola; Inc. is an Equal
unity/Affirmative Action Employer.~ * - ‘ : :

: Mfax is a trademark of Motorola, Inc.
How to reach us: i '

" USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; .~ . - JAPAN; Nippon Motorola Ltd.: SPD, Strategic Planning Office, 141,
P.O. Box 5405, Denver, Colorado 80217.'1-303-675-2140 or 1-800-441-2447 * .4-32-1 Nishi-Gotanda, Shagawa—ku, Tokyo, Japan, 03-5487-8488

Mfax™: RMFAX0@email.sps.mot.com = TOUCHTONE 1-602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
Motorola Fax Back System ... -—US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26629298
—http://sps.motorola.com/mfax/ R :
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