@ MOTOROLA
| MC145688B

PHASE COMPARATOR AND CMOS MSI
PROGRAMMABLE COUNTERS '

The MC14568B consists of a phase comparator, a divide-by-4, 16, ) )
64 or 100 counter and a programmable divide-by-N 4-bit binary PHASE COMPARATOR
counter (all positive-edge triggered) constructed with MOS P-channe! AND PROGRAMMABLE
and N-channel enhancement mode devices {complementary MOS) in COUNTERS
a single monolithic structure,

(LOW-POWER COMPLEMENTARY MOS)

The MC14568B has been designed for use in conjunction with a

programmable divide-by-N counter for frequency synthesizers and
phase-locked foop applications requiring low. power dissipation and/
or high noise immunity.

This device can be used with both counters cascaded and the
output of the second counter connected to the phase comparator
(CTL high), or used separate of the programmable divide-by-N coun-
ter, for example cascaded with MC14569B (CTL low), MC145228B or

MC14526B. . LSUFFIX PSUFFIX -
® Quiescent Current = 5.0 nA typ/pkg @ 5 Vdc ' CERAMIC PACKAGE  PLASTIC PACKAGE
® Supply Voltage Range = 3.0 Vdc to 18 Vdc¢ | CASE 620 CASE 648

® Capable of Driving Two Low-Power TTL Loads, One Low-Power

E ORDERING INFORMATION
Schottky TTL Load or Two HTL Loads Qver the Rated Tempera- .

ture Range. MC14XXX8B T Suffix Denotes
- E L Cerarﬁi; Pyacka‘ge
MAXIMUM RATINGS (Vottages referenced to Vgg) P Plastic Package
Rating Symbot Value Unit A Extendeg Operating
Temperature Range
DC Supply Volitage Vpop | -05t0 +18 Vdc C Limited Operating
Input Voltage, All Inputs Vin 05t Vpp+ 05 Vdc Temperature Range
DC Current Drain per Pin 1 10 mAdc -
Operating Temperature Range — AL Dev?ce Ta -55 to0 +125 oc TRUTH TABLE
CL/CP Device -40 to +85 .
Storage Temperature Range Tsig 65 to +150 " o¢ F G Division Ratio
- Pin 10 Pin 11 of Counter D1
o] o} 4
BLOCK DIAGRAM o] 1 16
r———————— - — 1 1 0 - 64
| l 1 1 - 100
PCn 18 Ot A Phase ———T—’-O13 PCout iy
(Ret.) Comparator The divide-by-zero state on the programmablie
| s 1] b }—=-012 PCP,,,, divide-by-N 4-bit binary counter, D2, is illegal.
! I
‘ r
! ki |
{ ] CTL HIGH . CTL LOW
1 e | O11 6 PCin ‘ . PC'OUT‘
o1 9O—i . Ny I T =OrfCou Poin e
I ounter i o .C. Pcpcut - C. » O
cTL 15Q0—ro | Oror PCPout
: [ro] 1 ci ‘
] C1 O——mif
y D1 D1
0" 30— @  aBn 0
| Programmable fug— 1Q1/C2
PE 2 O"‘—t“““"" Counter D2 I
J
| . Y - D2 0" O=a—y. D2 p=—O
2
o T Q1/C2 awvc
Op3 G 9 Dpo
Vpp = Pin 16 5 8
Vgg - Pin8 Dpo Dpy
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MC14568B

ELECTRICAL CHARACTERISTICS

Vob Tiow® 25°C Thigh"
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voitage 0" Level Vou 5.0 - 0.05 - ] 0.05 - 0.05 Vdc
Vin Vppor0 10 - 0.05 ~ 0 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
1" Level VOoH 5.0 495 - 4.95 5.0 - 495 - Vde
Vin - 0or Vpp 10 9.95 - 9.95 10 - 9.95 -
. 15 1495 — 1485 15 - 14.95 -
Input Voitage #T “0” Level| VL Vde
{Vg - 4.5 0r 0.5 Vdc) 5.0 - 15 - 2.25 15 - 1.5
(Vo <9.00r 1.0 Vdc} 10 - 3.0 - 4.50 3.0 -~ 3.0
(Vg = 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 - 40
17 Level] Viy
(Vg - 0.5 or 4.5 Vdc) 5.0 35 - 35 2.75 - 35 - Vde
{Vg : 1.0 0or 9.0 Vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5 0r 13.5 Vdc) 15 11.0 - 11.0 8.25 - 11.0 -
Output Drive Current (AL Device) 1OH ) mAdc
(VoH = 2.5 Vdc) Source 5.0 -12 - -1.0 -1.7 - -0.7 -
(Vo = 4.6 Vdc) 5.0 -0.25 - -0.2 -0.36 - -0.14 -
(VoH = 9.5 Vdcl 10 -0.62 - -0.5 -09 - -0.35 -
(Vgn = 13.5 Vdc) 15 -18 — -1.5 -35 - -1.1 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 - 051 0.88 - 0.36 - mAdc
(Voy = 0.5 Vdc) 10 16 - 13 2.25 - 09 -
{(Vor = 1.5 Vdc) 15 42 - 34 8.8 - 24 -
Output Drive Current (CL/CP Device) 10H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.0 - -0.8 -1.7 - -06 -
(VoH = 4.6 Vdc) 5.0 ~0.2 - -0.16 -0.36 - -0.12 -
(Vo = 9.5 Vdc) 10 -05 ~ -0.4 -0.9 - -0.3 -
{VoH = 135 Vdc) 15 -1.4 - -1.2 -35 - -1.0 -
(VoL = 0.4 Vdc) Sink oL 5.0 0.52 - 044 0.88 - 0.36 - mAdc
(Vop = 0.5 Vdc) 10 | 13 - 1.1 2.25 - 0.9 -
{(Vor = 1.5 Vdc) 15 3.6 - 3.0 8.8 - 2.4 -
tnput Current (AL Device) lin 15 +0.1 - +0.00001| 0.1 - £1.0 uAdc
taput Current (CL/CP Device) lin 15 - +03 - +0.00001| +03 - +1.0 wAdc
input Capacitance Cin -~ - 50 75 - - pF
(Vin =0)
Quiescent Current (AL Device) IpD 5.0 - 5.0 - 0.005 5.0 - 150 wAdc
(Per Package) 10 - 10 - 0.010 10 300
15 20 - 0.015 20 - 600
Quiescent Current (CL/CP Device) IpD 50 - 20 - 0.005 20 - 150 uAdc
(Per Package) 10 - 40 - 0.010 40 - 300
15 — 80 — 0.015 80 — 600
Total Supply Current® "t T 5.0 IT = (0.2 pA/kHz) £+ Ipp nAdc
{Dynamic plus Quiescent, 10 IT = (0.4 sA/kHz) f + Ipp
Per Package) 15 I = (0.9 sA/kHz) £ + ipp
{C = 50 pF on all outputs, all
buffers switching}
Three-State Leakage Current,Pins 1,13 e 15 - +0.1 - +0.00001] =+0.1 - +3.0 rAdc
(AL Device}
Three-State Leakage Current,Pins 1,13 L 15 - £1.0 - +0.00001] 1.0 - 75 wAdc
(CL/CP Devices)
*Tiow = -55°C for AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85°C for CL/CP Device.
=Noise immunity specified for worst-case input combination. PIN ASSIGNMENT
Noise Margin for both “1”" and "0 level = 1.0 Vdc min @ Vpp = 5.0 Vdc U/
2.0 Vdcmin @ Vpp = 10 Vdc 1 cJaic2 Vpo b= 16
2.5 Vdemin @ Vpp = 15 Vdc
1To calculate total supply current at loads other than 50 pF: 2c3PE cTLED 1S
I{CL ) = 1750 pF) + 1 x 10-3 (C_ -50) Vppf 3o PCin 14
where: IT is in uA (per package), Cy in pF, V in Vdc, and f in kHz is input frequency.
**The forleais given a?: fgr theagtevplcaL( ch:ractegsoﬁcs only at 25°C. . aueney 4top 3 PCoutf— 13
fPin 15 o | scqop, PCPour[=12
in 15 is connected to Vgg or Vpp for input voltage test. 6::091 aFa11
7 3 Dpo FE10
8 Vss c1fse
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MC14568B

SWITCHING CHARACTERISTICS (C|_= 50 pF, Tp = 25°C)

Characteristic Symbol \:I?ig Min Typ Max Unit
Output Rise Time tTLH 5.0 - 180 360 ns
10 - 90 180
15 - 65 130
" Output Fall Time TTHL 5.0 - 100 200 ns
10 - 50 100
. 15 - 40 80
Minimum Pulse Width, C1, Q1/C2, or PC;p Input twH 5.0 - 125 250 ns
‘ 10 - 60 120
15 - 45 90
| Maximum Clock Rise and Fall Time, tTLH, 5.0 15 - - Ks
C1,Q1/C2, or PCj, Input tTHL 10 15 - -
{ 15 15 - -
PHASE COMPARATOR
Input Resistance Rin 5010 15 —~ 106 [ - ] wma
Input Sensitivity, DC Coupled - 50to0 15 See Input Voltage
Turn-Off Delay Time, tPHL 5.0 - 550 1100 ns
PCqyt and PCPy ¢ Outputs 10 - 195 390
15 - 120 . 240
Turn-On Delay Time, tPHL 5.0 - 675 13560 ns
PCquyt and PCPy,,y Outputs 10 - 300 600
' . 15 — 190 380
DIVIDE-BY-4, 16, 64 OR 100 COUNTER (D1} )
Maximum Clock Pulse Frequency ) fei MHz
Division Ratio = 4, 64 or 100 5.0 3.0 6.0 -
10 8.0 16 -
15 10 22 -
Division Ratio = 16 5.0 1.0 25 — MHz
10 3.0 - 83 -
15 5.0 9.7 -
Propagation Delay Time, Q1/C2 Output tPLH, ns
Division Ratio = 4, 64 or 100 tPHL 5.0 - 450 900
’ 10 - 190 380
15 - 130 260
Division Ratio = 16 5.0 - 720 1440 ns
' 10 - 300 600
15 - 200 400
PROGRAMMABLE DiVIDE-BY-N 4-BIT COUNTER (D2) :
Maximum Clock Pulse Frequency fel 5.0 1.2 1.8 - MHz
(Figure 3a) 10 3.0 85 -
15 4.0 12 —
Turn-On Delay Time, “0” Output tPLH 5.0 - 450 900 ns
(Figure 3a) 10 - 190 380
15 — 130 260
Turn-Off Delay Time, ‘0" Output ‘ tPHL 5.0 - 225 450 ns
{Figure 3a) ) 10 - . 85 170
15 - ~60 150
Minimum Preset Enable Pulse Width WHIPE) 5.0 - 75 250 ns
10 - 40 100
15 - 30 75

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields:
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum
rated voltages to this high impedance circuit. For proper operation it is recommended that Vj, and Vgt be con-
strained to the range Vgg < (Vi or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g. either Vgg or Vpp).
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MC14568B

SWITCHING TIME TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — PHASE COMPARATOR

A lags B, PCq ¢ Is tow. A leads B, PCqy is high.
Voo Voo
10k 2 “0”out REF 50%
®
Dpo
—o4bp; PCout] PCin
p—O-4Dpo PCP, t PG
—olon; N0 | ®
Pulse L L {
PCin = = tPLH
Generator 1 . = =
p—O4 pCP
—0-G  Q1/C2H0 out 50%
Pulse .
Generator 2 1 Q'
EPE ‘ _______ S ——
PCout \ Three-State 25%Three»5tate
\
OVss tpH L — H —]
FIGURE 2 — COUNTER D1
Vpp
t
cTL W(C1) ’
Dpo PCoyut 20ns 20ns
Op - c1
Dpa P out fin  frmax

Dpg3

PCin PHL
F Q1/C2 =5 {
Q1/Cc2  Ason
cL 10%
| FPutse g :.E TTLH TTHL
Generator 0”0
Vss
FIGURE 3 - COUNTER D2
a. b.
,T?VDD
O-{Dp o
O Dp?* PCout}o O
1Pp2 PCPG,eto : Lo
Pulse >1or3 Puise
Generator Qi/c2 Generator 1
—O-{PC;in
O F
—O~ G
p—O-4C1
cTt ., Pulse
PE X 0" Generator 2 o l .
3 To
Vgs 4 -
OVsg
Gy
N Pulses® —-{
w(Q1/C2) Q1/C2+= PG 1 [\_J/_-\_
20ns
PE = PG2
10%
TW(PE)
“0.: 7 \—

*N is the value programmed on the Dp Inputs.
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MC14568B

f, FREQUENCY (MH2)

Typical Maximum Frequency Divider D1
Division ratios: 4, 64 or 100 (CL = 50 pF)
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Typical Maximum Frequency Divider D1
Division ratio: 16 (CL = 50 pF)
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Typical Maximum Frequency Divider D2
Division ratio: 2 (CL = 50 pF)
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MC14568B

OPERATING CHARACTERISTICS

The MC14568B contains a phase comparator, a fixed
divider (+ 4, + 16, + 64, + 100) and a programmable
divide-by-N 4-bit counter.

PHASE COMPARATOR

The phase comparator is a positive edge controlied
logic circuit. It essentially cansists of four flip-flops and
an output pair of MOS transistors. Only one of its inputs
{PCin. pin 14) is accessible externally. The second is
connected to the output of one of the two counters D1
or D2 (see block diagram).

Duty cycles of both input signals (at A and B) need not
be taken into consideration since the comparator responds
to leading edges only. ‘

If both input signals have identical frequencies but
different phases, with signal A (pin 14) leading signal B
(Ref.), the comparator output will be high for the time
equal to the phase difference.

If signal A lags signal B, the output will be low for the
same time. In between, the output will be in a three-state
condition and the voltage on the capacitor of an RC filter
normally connected at this point will have some inter-
mediate value (see Figure 4). When used in a phase locked
loop, this value will adjust the Volitage Controlled Oscil-
lator frequency by reducing the phase difference between
the reference signal and the divided VCO frequency to
zero.

FIGURE 4 — PHASE COMPARATOR WAVEFORMS

m ]-—| Voo
A (PCip) ] ] Vss
\ 1% —-—a—l 1
I : Von
| L
B (Ret.) ; ! VoL
[ “VoH
PCPout
v
:: ty oL
|
PCout l1 ‘E VoH
J________~ VoL

If the input signals have different frequencies, the out-
put signal will be highwhen signal B has a Iower frequency
than signal A, and low otherwise.

Under the same conditions of frequency difference, the
output will vary between VOH {or VOL) and some inter-
mediate value until the frequencies of both signals are
equal and their phase difference equal to zero, i.e. until
locked condition is obtained.

Capture and lock range will be determined by the VCO
frequency range. The comparator is provided with a lock
indicator output, which will stay at logic 1 in locked
conditions.

The state diagram (Figure 5) depncts the internal state
transitions. It assumes. that only one transition on either
signal occurs at any time. It shows that a change of the
output state is always associated with a positive transition
of either signal. For a negative transition, the output does
not change state. A positive transition may not cause the
output to change; this happens when the signals have
different frequencies.

DIVIDE BY 4, 16, 64 OR 100 COUNTER (D1)

This counter is able to work at an input frequency of
5 MHz for a Vpp value of 10 volts ovet the standard
temperature range when dividing by 4, 64 and 100. Pro-
gramming is accomplished by use of inputs F and G (pins
10 and 11) according to the truth table shown. Connect-
ing the Control input (CTL, pin 15} to Vpp allows cas-
cading this caunter with the programmable divide-by-N
counter provided in the same package. Independent
operation is obtained when the Control input is con-
nected to VsS.

The different division ratios have been chosen to gen-
erate the reference frequences corresponding to the chan-
nel spacings normally required in frequency synthesizer
-applications. For example, with the division ratio 100
and a 5 MHz crystal stabilized source a reference fre-
quency of 50 kHz is supplied to the comparator. - The
lower division ratios permit operation with low frequency
crystals.

{nput State

X X
FIGURE 5 — PHASE COMPARATOR) Q

STATE DIAGRAM A B

WG

PCout

3-State
Qutput Disconnected

PCPout
(Lock Indicator)

o 1 o]
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MC14568B

If used in cascade with the programmable divide-by-N
counter, practically all usual reference frequencies, or
channel spacings of 25, 20, 12,5, 10, 6.25 kHz, etc. are
easily achievable.

PROGRAMMABLE DIVIDE-BY-N
4-BIT COUNTER (D2)

" This counter is programmable by using inputs Dpo . . .

Dp3 (pins 7 ... 4). The Preset Enable input enables the
parallel preset inputs Dpp ... Dp3. The 0" output must
be externally connected to the PE input for single stage
applications. Since there is not a cascade feedback input,
this counter, when cascaded, must be used as the most
significant digit. Because of this, it can be cascaded with
binary counters as well as with BCD counters (MC145698B,
MC145228, MC14526B).

TYPICAL APPLICATIONS

FIGURE 6 — CASCADING MC145688B AND MC 145228 OR MC 145268 WITH MC145698

; CF CF CF .
in0—C C Q4 C  Mc1a5228 Q4 Qv/c2
MC145698 MC145228 or MC 145688
: ‘ MC145268 MC145268
PEout PE oo PE o PE o
Dpo___;_ng Op0 —~ — — -Dp3 Opp— — — DP3
< & O
fOU(
LSD MSD
FIGURE 7 — FREQUENCY SYNTHESIZER WITH MC 145688 and MC 145698 USING A MIXER
{Channel Spacing 10 kHz)
. % ) fout
{40 kH2) PCin PCout x> veo -0
g C1 mcissess Sp—OVss | M7, ‘ (144-146 MH2)
, Fb—o
Vss -1-0” Q1/C2 Vss
PE Dpg-——Dp3 MC14011

|

: CF
a

MC 145698
PEgut -

ck

Frequencies shown in parenthesis are given as an example.
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MC14568B

(5 MHz)
O

FIGURE 8 — FREQUENCY SYNTHESIZER USING MC145688, MC145698 AND MC145228

{Without Mixer)

Vpo!

IR tout
PCin PCout % vCco -0
Gb————0vpp Y
MC 145688
cTL fp————0Vvpo
r loorv PE __1
Vss Vob . o CF o
Dpo~ ~ — -Dp3 MC145228 pg MC145698
.. Eout
o PE (BCD) . Binary
Opg— — — -Dr3
N1 N2 N3
{0~5) (0—9) 0, 4, 8, 12}

(625 kHz steps)

Divide ratio = 160N 1 + 16N2 + N3

Example:

(62.5 kHz steps)

fout = N1 (MHz) + N3 (x100 kHz) + N3 (x25 kHz)
Frequency range = 5 MHz
Channel spacing = 25 kHz
Reference frequency = 6.25 kHz
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Figures shown in parenthesis
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