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PROGRAMMABLE MODULO-N COUNTERS PROGRAMMABLE MODULO-N
. h COUNTERS
The monolithic devices are programmable, cascadable,
modulo-N-counters. The MC4316/4016 can be programmed to
divide by any number (N) from 0 thru 9, the MC4318/4018 from
0 thru 15. The MC4317/4017 consists of a modulo 2 counter which
can be programmed to divide by 0 or 1 and a modulo 5 counter
which can be programmed to divide by any number from 0 to 4. L SUFFIX
The MC4319/4019 contains two modulo 4 counters which can be CERAMIC PACKAGE
programmed to divide by any number from 0 to 3. CASE 620
The parallet enable (PE) input enables the parallel data inputs
DO thru D3. All zeros are entered into the counter by applying a
logic 0" level to the master reset (MR} and PE inputs. This causes
the counter to stop counting {count = 0). Ali data inputs are :
independent of the logic level of the Clock. F SUFFIX
X . . CERAMIC PACKAGE
Modulo-N counters are useful in frequency synthesizers, in CASE 650
phase-locked loops, and in other applications where a simple
method for frequency division is needed.
All Types:
Input Loading Factor: Total Power Dissipation = P SUFFIX
Clock, PE = 2 250 mW typ/pkg PLASTIC PACKAGE
DO, D1, D2, D3, Gate = 1 Propagation Delay Time: CASEG4B
MR = 4 Clock to Q3 = 50 ns typ
Output Loading Factor = 8 Clock to Bus = 35 ns typ
MC4316/4016 MC4317/4017
a3 ] Vee MC4318/4018 Q3 ] Vee MC4319/4019
D3 [ @2 D3 ] 2
PE 102 Vee=Pin 16 PE 102 Vee=Pin 16
Gate R Gnd=Pin 8 Gate ] Clock 2 Gnd=Pin 8
Do ] Bus DO ] Bus
Clock ] D1 Clock 1 o1
— 1 v
Qo : R MC4318/4018 Qo : MR
OUTPUT
Gnd [J o1 |CONT T oo Tan [0 R e
MC4319/4019
L 1RAPY OUTPUT
14 111]11]0 MC4317/4017
MC4316/4016 13 111|101 COUNT Q1 | Qo
12 [1]1]0fo0 OUTPUT
OUTPUT COUNT 3 1 1
COUNT 1 10| 1|1 Qo 2 1 0
Q3|[Q2|Q1|Q0 10 t10|1}0
9 1lololn 1 1 1 0 1
9 1jofof1 8 1lololo 0 0 0 0 0
8 110)0]|0
7 ofv]1|1 7 o1 |1 QUTPUT
6 ol1]|1]0 6 olt[|1]0 COUNT OUTPUT
5 |o|1]|0]1 5 of1|o]fn 3| @  a COUNT T
4 o|1]|]01{0 4 o|1]o]oO 4 1 0 0
3 0|01 1 3 o|0]|1 1 3 0 1 1 3 1 1
2 o|oj11}0 2 o|jof|11]¢0 2 0 1 0 2 1 0
1 olojo|1 1 ofo]o|n 1 0 0 1 1 0 1
0 0j0(0]|0 0 o|jo|o|oO 0 0 [} 0 0 0 0
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MC4316 thru MC4319
MC4016 thru MC4019

LOGIC DIAGRAMS

Clock 2

MC4316/4016
76 Q0 901 15Toz 10Q3
J :<}__1 Vee
LDD oH o abA D o b a T
6 2k
Clock 0—— (o} (o3 C —iC
aH ¢} aH aQ 13
S R S R R R '3
—o Bus
12
10
a - - -
Gate
PE
3 Vee = Pin 16
GND = Pin 8
50 DO 110 D1 140 D2 24 b3
MC4317/4017
70 Q0 g90Q1 15Toz 1003
op Hlop e Aol
6
c c c —c
Clock 1
s RO RAMT rOT R
—0 Bus
12
10 j j
" E C ﬁ ¢
4
Gate
PE
3 Vg = Pin 16
+ GND = Pin 8
5000 13 110 D1 140 D2 24 b3




MC4316 thru MC4319
MC4016 thru MC4019

LOGIC DIAGRAMS (continued)

MC4318/4018
70Q0 90Q1 150Q2 Qa3
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Q
[P 1S o ap o aH D a
6 2k
Clock 0— c c c
aoH aH aH a 13
R R S R S R a
y—O Bus
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10 ,_CJ
MR j j
M - - -
Gate
PE
3
Vce = Pin 16
<] GNOD = Pin 8
50 DO 110 D1 140 D2 20 D3
MC4319/4019
70Q0 g99a1 159 Q2 a3
T e e T e T e
6
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RO s RO[ s RO s rQ
—O Bus
12
10 j ﬁ
" Cj E Cj Q
‘ -
Gate
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3
q Veg = Pin 16
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MC4316 thru MC4319
MC4016 thru MC4019

SWITCHING TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS

Coax
The coax delays from input to
scope and output to scope must be
matched. The scope must be ter-
9950 minated in 50-ohm impedsance.
The 9950-ohm resistor and the
scope termination impedance con-
stitute a 200:1 attenuator probe.
Coax shall be CT-070-50 or equiv-
PULSE Gate alent.
GENERATOR Clock 1 QO—0
13
Note 1 O——Clock 2
PRF = 8.0 MHz (Pulse T} 50 5 a1
= 1.0 MHz [V and Y) oo 15
Duty Cycle = 50% oot Q2t—o0 TPout
=1 <55ns = 14 f ou
(10% to 90% points) = —()-——2 D2 azkl—o-o \
=04
—O0— D3 12
3 Bus
25V0O © 1 O FE A~Ct Ct = 15 pF = total parasitic capac-
Note 1: o oo MR 2k J itance, which includes praobe, wir-
Counter programmed for +8 operation. 1 ing, and load capacitance.
For MC4317/4017 tie pin 13 to pin 7. +5.0 V -

For MC4319/4019 tie pin 13 to pin 9.

(For MC4316/4016 and MC4318/4018, pin 13 is the resistor pin, and left open.)

T
PRF =8.0 MHz

[¢] 1 2 3 4 5 6 7 8 9
v s 1 =8
v v 3.0V
PRF = 1.0 MHz 7 0.4V
GND
- tPLH
VoH
w 15V
Vor
GND
PHL
[ Vo
X 1.5V
Voo
GND
v ey \; 3.0V
PRF = 1.0 MHz 0.4 v
GND
a{ PLH v
OH
z 18V
VoL
GND
SWITCHING TIME TEST PROCEDURES (T 5 = 25°C)
{Letters shown in test col refer to ms.)
INPUT OUTPUT
Clock Gate DO, D1,D2 | D3,PE, MR Bus a3 LIMITS
TEST SYMBOL Pin6 Pin4 Pins 5,11,14 Pins 2,3,10 Pin 12 Pin 1 Min | Max | Unit
Toggle Frequency
(Check before measuring
propagation delay.) ftog T T Gnd 25V - u 8.0 - MHz
N ek 1o Bus Lk v v Gna 25v W N I e I
Propagation Delay
Clock 110 Q3
MC4316, 17/4016, 17 tPHL v v Gnd 25V - x I I
MC4318, 19/4018, 19 = 78 ns




MC4316 thru MC4319
MC4016 thru MC4019

OPERATING CHARACTERISTICS
MC4316/4016, MC4318/4018

Operation of both counters is essentially the same. The
MC4316/4016 has a maximum modulus of ten while the
MC4318/4018 is capable of dividing by up to sixteen.
Minor differences in the programming procedure will be
covered in the discussion of cascaded stages.

Suitable connections for operating a single stage are
shown in Figure 1, as well as appropriate waveforms.
The desired modulus is applied to the data inputs DO, D1,
D2, and D3 in binary (MC4018) or binary coded decimal
{MC4016) positive logic format. If a number greater than
nine (BCD 1001) is applied to the MC4016, it treats the
most significant bit position as a zero; if for example,
binary fourteen {1110) were applied to an MC4016, the
counter would divide by six. BCD eight is programmed
in Figure 1. As PE is taken low the states on the parallel
inputs are transferred to their respective outputs. Sub-
sequent positive transitions of the input clock will dec-
rement the counter until the all zero state is detected by
the bus gate. The resulting positive transition of the bus
line is internally inverted and fed back to the preset gating
circuitry but does not yet preset the counter since the
gateclock input is still high. As the clock returns to the
low state the counter is set to the programmed state,
taking the bus line low. The net result is one positive
pulse on the bus line for every N clock pulses. The output
pulse width is approximately equal to one clock pulse
high time.

Operation will continue in this fashion unti! the data on
the programmable inputs is changed. Since the preset
circuitry is inhibited except when the counter is in the

zero state, preset data may be changed while clocking is
occurring. If it is necessary to enter a new number before
the counter has reached zero this can be done by mo-
mentarily taking PE low. Countdown will continue from
the new number on the next positive clock transition.

The counters can be made to divide by 10 (MC4016)
or 16 {MC4018) by inhibiting the preset logic. This may
be done by either holding the gate input high or by hold-
ing the bus line fow.

The normal connections for cascading stages are in-
dicated in Figure 2, with the appropriate waveforms. Note
that the gate input of each stage is connected to the clock;
all bus outputs are tied to one of the internal pullup re-
sistors, R. The total modulus for cascaded MC4016s is
determined from N7 = Ng + 10Nq + 100Nz + ...; NT
for MC4018s is given by N7 = Ng + 16Nq + 256N
+ ... Stated another way, the BCD equivalent of each
decimal digit is applied to respective MC4016 stages
while the data inputs of the MC4018 stages are treated
as part of one long binary number. The difference in
programming is illustrated in Figure 2 where N = 245
is coded for both counter types.

Cascaded operation can be further clarified by referring
to the timing diagram of Figure 2. For the MC4016, count-
ing begins with the first positive clock transition after the
data has been set in. After the five clock pulses, the least-
significant stage has been counted down to zero. The bus
line does not go high at this time since the three bus
terminals are wire-ORed and the other two stages are not
in the zero state. Since no reset occurs, the next positive

FIGURE 1 — SINGLE-STAGE OPERATION

| L] ]

—ddre 00 @1 Q2 Q3

fin c
MC4016/18
G B8

MR DO D1 D2 D3

R fout

T

0 0 0 1

I

8 Pulses

3 2 1|8 7 6 5 4 3 2 1

—| | () —-

H55E

fout




MC4316 thru MC4319
MC4016 thru MC4019

OPERATING CHARACTERISTICS: MC4316/4016, MC4318/4018

clock edge advances the least significant stage to the nine
(1001) state, causing the second stage to be decremented.
The process continues in this manner with the least sig-
nificant stage now dividing by ten. The second stage
eventuaily counts down to zero and also reverts to di-

viding by ten. Each pulse out of the second stage dec-
rements the third until it reaches zero. At this time the
bus line goes high; it remains high until the clock goes
low, causing all three stages to be reset to the pro-
grammed count again.

FIGURE 2 — CASCADED OPERATION

dre @10Q11Q12013 pg ©20021Q220Q23 pe Q30 031032033
— —d —q S
fin C  MC4a016/18 c MC4016/18 L—Jc MC4016/18 .
*—iG 8—4 G [:} —G B o fout =
MA DO 01 D2 D3 MR DO D1 D2 D3 MR DO D1 D2 D3 N
b & o o ¢ o Jn L ¢ o o ¢
MC4016 BCD 10 1 o o 0 1 o 6 1 0 o
MC4018 Binary L B [} 1 L 1 0 0 0 o
(L.S.D.) N (MS.D)
1
No N2
245 Puises |
45 Pulses ‘
| AN - JULnAnAL
—— - 101
< =
5432109876543210987654321098765432109876543210 21l{a32 109
Q1o II Il“ll” I
i i
Q11 | | I l I l | I | I l I I l I | ” I
i

fout




MC4316 thru MC4319
MC4016 thru MC4019

OPERATING CHARACTERISTICS: MC4316/4016, MC4318/4018

FIGURE 3 — INCREASING OPERATING RANGE
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MC4316 thru MC4319
MC4016 thru MC4019

OPERATING CHARACTERISTICS: MC4316/4016, MC4318/4018

Maximum operating frequency of the basic MC4016/
4018 counter is limited by the time required for repro-
gramming at the end of each count down cycle. Operation
can be extended to approximately 25 MHz by adding an
“early decode” feature as shown in Figure 3. The appro-
priate connections for three stages are shown; however
up to eight stages can be satisfactorily cascaded. Note
the following differences between this and the non-
extended method: the counter gate inputs are not con-
nected to the input clock; all Parallel Enables are con-
nected to the Q output of a type D flip-flop formed by
gates G1 through G6; the bus terminal of the least sig-
nificant stage is grounded; all other bus terminals and
one internal resistor, R, are connected together and serve
as a data input to the flip-flop. Four additional data inputs
are provided for decoding the “‘two” state of the least
significant stage. Circuit operation is illustrated in the
waveforms of Figure 3 where the timing for the end of

a count-down cycle is shown in expanded form. The
counter parallel inputs are assumed to have N = 245
applied. Timing is not shown for the third stage since it
has already been counted down to the ail zero state. As
the next-to-least significant stage reaches zero, the com-
mon bus line goes high. Count down of the least signif-
icant stage continues until the “two’’ state is reached.
This condition causes the remaining D inputs to the flip-
flop to be high. The next-to-last clock pulse of the cycle
then triggers the flip-flop Q output high. @ simultane-
ously takes the parailel enable of all stages low, resetting
the programmed data to the outputs. The next input pulse
clocks Q {fot) back to the zero state since the data inputs
to the flip-flop are no longer all high. The positive output
pulse is one input clock period in duration. Note that
division by N equal to 1 or 2 is not available using this
method.

OPERATING CHARACTERISTICS
MC4317/4017, MC4319/4019

The MC4317/4017 consists of a modulo 2 and a modulo
5 programmable counter. The MC4319/4019 contains two
modulo 4 programmable counters. Both parts are imple-
mented in the same manner as the MC4316/4016 and
MC4318/4018, however in these devices the output of the
appropriate flip-flop is disconnected from the input of the
next flip-flop. This input is then brought out as the second
clock input for the package (see logic diagrams on page
2 of this data sheet). The resistor existing on the MC4316/
4016 and MC4318/4018 is eliminated on the MC4317/4017
and MC4319/4019 in order not to exceed 16 pins. Elimi-
nation of the resistor causes no problems because only
one resistor is required per divider chain and these parts
will normally be used with the MC4316/4016 and/or
MC4318/4018. In applications where the parts are used
alone, an external resistor is connected to the bus output.

To operate the MC4317/4017 as a modulo 2 program-
mable counter, the modulo 5 programmable counter

must be disabled by programming it to zero (D1, D2, and
D3 grounded). Likewise, to use the device as a modulo
6 programmabie counter the modulo 2 counter must be
disabled (DO grounded). Operation of the MC4319/4019
is similar in that the modulo 4 counter not being used
must be disabled by programming it to zero (DO thru D1
grounded or D2 and D3 grounded).

When cascading packages for large divide ratios, the
most significant Q output of the modulo counter being
used provides the input for the next package and all bus
outputs are tied together. This method of connection is
the same as for the MC4316/4016 and MC4318/4018.

The MC4317/4017 and MC4319/4019 can be made to
perform the same function as the MC4316/4016 and
MC4318/4018, respectively, by externally connecting the
last Q output of one counter to the clock input of the
other counter and programming inputs in the normal
manner.




MC4316 thru MC4319
MC4016 thru MC4019

APPLICATIONS INFORMATION

A typical system application for programmable counters
is illustrated in the frequency synthesizer shown in Figure
4. There the counter provides a means of digitally se-
lecting some integral multiple of a stable reference fre-
quency. The circuit phase locks the output, fyco, of a
voltage controlied oscillator to a reference frequency,
fret. Circuit operation is such that fyco = Nfref, where
N is the divider ratio of the feedback counter.

In many synthesizer applications the VCO is operated
at VHF frequencies too high for direct division by TTL
counters. In these cases the VCO output is usually pre-
scaled by using a suitable fixed divide-by-M ECL circuit
as shown in Figure 5. For this configuration, fyco =
NMf,of, where N is variable {(programmable} and M is
fixed. Design of the optimum loop filter requires that the
input reference frequency be as high as possible where

FIGURE 4 — MTTL PHASE-LOCKED LOOP

—® Ve
gw

R | R2 c
Al
| | 3t
R U1 PU UF
tret | | a1 MPSE571
¢ Chg ] — N8 F- 7
| Det Pump ] | |
| v 1] ]
v D1 PD DFf— } —l | VCM fvco
| L - ] |
LMC4044 |
1/2 MC4024
+N Programmable
Counter Chain
MC4016-19
FIGURE 5 — MTTL-MECL PHASE-LOCKED LOOP
—e Ve
%1 k
r - — N R2 ¢
Y|
| | ZAl
R ul PU  UF
fref I R1
¢ Chg _—
| Det Pump r jl
—v o1 PD DF MP LI
T $6571 | ]/ T VCM
| S | |
L Mcaoa4 3
MC1658
+N Programmable -
Counter Chain j m;’gs‘?f'
MC4016-19

1 See Motorola Application Note AN-635 and the MC4344/4044 Data Sheet for detailed explanation of overall circuit operation.




MC4316 thru MC4319
MC4016 thru MC4019

FIGURE 6 — FEEDBACK COUNTERS WITH DUAL
MODULUS PRESCALER

Modulus Control

Counter
“Neme

fin Duat Modutus

Prescaler

From +Mor (M+1}

veo Programmable
Counter |-
“Npc fout

To Phase Detector
for comparison with fgf.

the upper limit is established by the required channel
spacing. Since fyco = Nfyef in the non-prescaled case,
if N is changed by one, the VCO output changes by fef,
or the synthesizer channel spacing is just equal to fref.
When the prescaler is used as in Figure 5, fvco = NMf,
and a change of one in N results in the VCO changing by
Mfret. i.e., if fref is set equal to the minimum permissible
channel spacing as is desirable, then only every M chan-
nels in a given band can be selected. One solution is to
setfrgf = channel spacing/M but this leads to more strin-
gent loop filter requirements.

An alternate approach that avoids this problem is pro-
vided by the counter configuration shown in Figure 6.2
It too uses a prescaler ahead of a programmable counter,
however the modulus of the prescaler is now controlled
by a third counter, causing it to alternate between M and
M + 1. Operation is best explained by assuming that all
three counters have been set for the beginning of a cycle:
the prescaler for division by (M + 1), the modulus control

counter for division by Ny, and the programmable
counter for division by Npc. The prescaler will divide by
(M + 1) until the modulus control counter has counted
down to zero; at this time, the all zero state is detected
and causes the prescaler to divide by M until the pro-
grammabie counter has also counted down to zero. When
- this occurs, a cycle is complete and each counter is reset
to its original modulus in readiness for the next cycle.
For this configuration,

f _ fin
Ut ™ MNpc + Nme

In terms of the synthesizer application, fycg = (MNp¢
+ Nmc) fref and channels can be selected every fref gy
letting Np¢ and Ny, take on suitable integer values, in-
cluding zero.

A simplified example of this technique is shown in Fig-
ure 7. The MC12013 Dual Modulus Prescaler divides by
either 10 or 11 when connected as shown in Figure 7. If
the E3 and E4 Enable inputs are high at the start of a
prescaler cycle, division by 10 results; if the Enable inputs
are low at the beginning of the cycle, division by 11 re-
sults. The zero detection circuitry of the MC12014 Counter
Control Logic is connected to monitor the outputs of the
modulus control counter; this provides a suitable enable
signal at EO as the modulus control counter reaches its
terminal {zero} count. The remainder of the MC12014 is
connected to extend the operating frequency of the pro-
grammable counter chain.

A specific example of this technique is shown in Figure
8. There the feedback divider circuitry required for gen-
erating frequencies between 144 MHz and 178 MHz with
30 kHz channel spacing is shown.2

FIGURE 7 — FREQUENCY DIVISION: fg = fin/MNpe + Ny

—
D!

fin [ ]
c + Qa PO P1 P2 P3BI
1 F,
out
ES TTlout fin  MC12014
MC12013 Eo
€4 _ G4 20 z1 2223 B2
L] T
Duat Modulus ! - =
Prescaler: T -
+Mor (M+1) L L PE
M = 10) FE QO Q1 Q2 Q3 PE Q0 Q1Q2 Q3 L pe a3
R R R (o4
1€ Mcao1e/18 —1¢  mcao1s/18 € mcao16/18
— B8 B de B— G
MR DO D1 D2 D3 MR DO D1 D2 D3 MRDO D1 D2 D3 MR
T T 1 s

|

t 1 0 0
————
Modutus Control
Counter: ~ Ny

|

More Significant

o 0 1 0 0O O 0 O StagesProgrammed
to Zero
“ (L.S.D.} - S
Programmable Counter: ~Npg

2. This application is discussed in greater detail in the MC12014 Counter Control Logic data sheet.
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MC4016 thru MC4019

Figure 9 shows a frequency synthesizer system for the
aircraft band of 108 to 136 MHz with a channel spacing
of 50 kHz. The use of the MC4017 as a modulo 2 pro-
grammable counter is shown in Figure 9A, while Figure
9B shows the same system implemented using the
MCA4016. For a system of this type it is desirable to use
direct-reading thumbwheel switches for channel selec-
tion. To implement this system with these constraints,
it is necessary to calculate the required reference fre-
quency (fref). Using the equations in Figure 9A, the re-
quired reference is 50 kHz and N4 must be programmed
to 0 and 1. Figure 9B requires a reference frequency of
10 kHz and N4 must be programmed to only 0 and 5.

For any phase-locked loop system it is desirable to
maintain as high a reference frequency as possible while

meeting the system requirements. The higher the refer-
ence frequency, the higher the number of sampling
pulses received by the phase detector per unit time. This
results in (1) easier filtering of the control voltage, (2) faster
lock-up time, and (3) less noise in the output spectrum.
The higher reference frequency is also desirable because
the reference frequency appears as sidebands on the
output frequency and the farther the sidebands are away
from the output the better the system. Another advantage
of the higher reference frequency is the smaller divide
ratio required in the programmable counter chain. This
is advantageous when calculating realizable resistors for
the filter. For these reasons, the system using the MC4017
is superior to the one using the MC4016.

FIGURE 9 — 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 50 kHz CHANNEL SPACING

A — Using MC4017

D fref = 50 kHz
frat/P
e Filter and Voltage-
Crystal Divider . Phase
N - " - =:p Charge Controlied
Oscillator Chain Detector Pump Oscillator
fout
MC4017
— MC4018 - MC4016 MC4016  r-— Mod 2 - P
D3 D2 D100
=
10-13 09 a9 01
10 MHz Steps 1.0 MHz Steps 100 kHz Steps 50 kHz Steps fout = 108 to 136 MHz
Nq Ng N3 Ng in60kHz Steps
= NP (frgf/P)
N = 200N + 20Ng + 2Nj + Ng = Nfyes
B — Using MC4016
D fref = 10 kHz
fraf/P
Lo - Filter and Voltage-
Crystal Divider !: = Phase
Oscillator |+ Chain =P Detector Charge  —#= Controlled
Pump Oscillator
fou(
MC4016
S MC4018 frentt— MC4016 MC4a016 - +pP
03 D2 D1 DO
=
1013 09 0-9 Oand$§
10 MHz Steps 1.0 MHz Steps 100 kHz Steps 10 kHz Steps fout = 108 to 136 MHz
Nq Na N3 Ng in 50 kHz Steps
= NP (frqof/P)
N = 1000Nq + 100N + 10Ng + Ng = Nfref
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Figure 10 shows the implementation of the aircraft a reference frequency of 26 kHz. Figure 10B shows the
band synthesizer with 25 kHz channel spacing (the 25 kHz system using an MC4018 as the first counter, and has a
spacing has been proposed to the FCC). The system is reference frequency of 6.25 kHz to obtain the direct
implemented in Figure 10A using the MC4019, and has programming.

FIGURE 10 — 108 TO 136 MHz FREQUENCY SYNTHESIZER WITH 25 kHz CHANNEL SPACING

A — Using MC4019

D frof = 25 kHz
fref/P

L bl Ph Filter and Voltage-
Crystal Dmdfar p ase Charge | = Controlted
Oscillator Chain Detector Pump Oscillator
fOUX
MC4019
L_{ MCa018 |-e—{ MC4a016 MC4016  fug—f Mod 4 - =p
D3 D2 D1 DO
10-13 09 09 0-4
10 MHz Steps 1.0 MH2z Steps 100 kHz Steps 25 kHz Steps fout= 108 to 136 MHz
Ny No N3 Ny in 25 kHz Steps
= NP {trgf/P)
= Nf,of

N = 400N + 40N + 4N3 + Ng

B — Using MC4018

|D fret = 6.25 kHz
frof/P

Crystal Divider N Phase Filter and Voltage
Oscillator Chain - P Detector Charge [~ Con.trolled
Pump Oscillator

— [

fout
L] mcaots | ™caois e wmca016 la— MCOOTE g =p
D3 D2 D1 DO
1013 09 09 0,48.12
6.25 MHz Steps 625 kHz Steps 62.5 kHz Steps 6.25 kHz Steps fout = 108 to 136 MH2
Ny No N3 Nga in 25 kHz Steps
= NP (f,gf/P)
= Nfeof

N = 1600N 1 + 160Ng + 16Nz + Ng
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Figures 11A and 11B show the FM band implemented
with MC4017 (used as a modulo 5 counter) and MC4016,
respectively. The first system has a 200 kHz reference
frequency, and the second system has a 100 kHz refer-
ence frequency. These systems ‘using the MC4017/19 of-
fer the same advantages over the MC4016/18 as with the
aircraft band systems.

These examples illustrate the desirability of the MC4317/
4017 for phase-locked loop applications where the chan-

nel spacing is 2 x 10" Hz when used as a modulo 5
programmable counter, and 5 x 10" Hz when used as
a modulo 2 programmable counter. The MC4319/4019 is
for applications with a channel spacing of 2.5 x 100 Hz,
The MC4316/4016 covers phase-locked loop applications
where the channel spacing is 1 x 10" Hz. The MC4318/
4018 is used when the most significant digit is between
9 and 15.

FIGURE 11 — 88 TO 108 MHz FREQUENCY SYNTHESIZER WITH 200 kHz CHANNEL SPACING

A — Using MC4017

fref = 200 kHz
fraf/P

0

- Filter and Voltage-
Crystal Divider . Phase
Oscitlator Chain <P Detector Charge Controlied
Pump Oscillator
fout
MC4017
] MCa018 | MC4016 Mod § ES
D3 D2 D1 DO
8-10 09 04
10 MHz Steps 1.0 MHz Steps 200 kHz Steps fout = 88 to 108 MHz
Ny Np N3 in 200 kHz Steps
= NP {f o¢/P)
= Nfref
N=60Nq +5Ng + N3
B — Using MC4016
[”——I frof = 100 kHz
fref/P
. - s Filter and Voltage
Crystal Divider +p Phase Charge Controlled
Oscillator Chain ) Detector Pump Oscillator
fout
MC4a016 -
L—{ M™Mca018 McC4016 ¢ TP
D3 D2 D1 DO
8-10 09 02468
10 MHz Steps 1.0 MHz Steps 100 kHz Steps fout = 88 t0 108 MHz
Nq Ny N3 in 200 kHz Steps
= NP (f o5/P)

N = 100N + 10Ny + N3

= Nfres




(LW SUFFIX

LOUFrFrIA
L SUFFIX
CERAMIC PACKAGE CERAMIC PACKAGE FOR
CASE 620-09 MC10H181
CASE 623-05 ONLY)
f————— A ————— ~C ft— [, —]
‘ L | SEATING P
” L "j ¢ J l L —-I\
e M o M J_’\\‘
RANE
NOTES: 1. DIM “L" 1O CENTER OF
e B
umuaswoexnormwmuomw 2 LEADS ¥THN 0.3 mm
CERAMC ORINK T, POSTION BT SEATHG P
2 0IM 1" T0 CENTER OF LEADS WHEN FORMED B ST .
L CONDITION. (WHEN FORMED
PARALLEL).
. P SUFFIX
L SUFFIX
P"ﬁg‘é :‘;g'é‘:GE T CERAMIC PACKAGE
CASE 632-08
L db oy A —t
e ¢t
o
AT AT _
K ',’,'
N l M
FELY
0250010) @

._l_.l
\l
e a— D un
0250010] &

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
YI45M, 1382,

HOTES:

menomrouwce
eorpom @[ Tacla @]

1musaonuocemormnsmm

FORMED PARALLEL
3. PACKAGE CONTOUR OPTIONAL (ROUND 04

SQUARE CORNERS).

Y“SM 1582

LDIMENS’DNSAMOBMSDATUHS.
AKO TOLERANCING PER ANSI

2 CONTROLLING DIMENSION: INCH,
3. DIMENSIGN L TO CENTER OF LEAD WHEN

FORMED PARALLEL.
4. DM F MAY NARROW T0 0.76 {0.030] WHERE THE
LEAD ENTERS THE CERAMSC B0DY.
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rLASTIU FALRAGE
CASE 646-06

—{A-}

R

CASE 648-0

o

" hAMNAM N A
18 9 f
(o] 8
1 7 ‘o R l
NYAYATATATAYA] PR Rw SR Y
A HOTES -—l’ I-- F
) |
-1 e L—= [ P} s
— ; — . un“wi,
———1 " L
v ’ G :M.
B D un
sams =K 1
e ] \.— Fosemw 18!
MLUMETERS WCHES
DM | AN | MAX | weN | MAX
NOTES: 1ee0 | 955 | o740 [ ogio |  MOTES: o ke .
1. LEADS WITHIN 0.13 mm 10,0451 RADUS OF TAUE e T s | 0750 | 0210 1. DIMENSION:NG AND TOLERANCING PER
POSITION AT SEATING PLANE AT MAXGMUM s T aa ot | ous ANSI Y14 5M, 1982,
MATER'AL CONDITION. 23 T o5 oot oozt 2. CONTROLLING OIMENSION: INCH.
2 DIMENSION "L" T0 CENTER OF LEADS WHEN Yo T 17 Tos o0 3. DIVENSION "L" TO CENTER OF LEADS WHEN
FORAMED PARALLEL. e | oimese FORMED PARALLEL.
3 GMENSION “8* DOES NOT INCLUDE MOLD 78se 0B & OIMENSION “B” DOES NOT INCLUDE MOLD
LASH. . 971 | 0% | goes [ oo FLASH.
4. ROUNDED CORNERS OPTIONAL. a0 20 T olts | o0 5. ADUNDED COANERS OSTIONAL.
750 | 274 [ 02 | 0305
T I T B T
1 039 | 101 ] 0015 | 00 051 |_101 | 0070 | 00%
P SUFFIX {PW SUFFIX F SUFFIX
PLASTIC PACKAGE FOR MC10H181 CERAMIC PACKAGE
CASE 649-03 ONLY) CASE 650-05
r ' 7
. } a
[ —
E’mmmm« D "1
u1 4
B8
I i ‘ *
O ", i
i E wn
—F c —t— 0.1310.005) @
[
1] Mo c
—~Jet— e ¥ - 3 ~—i _{ L t { 7o)
- H 3
WLIMETERS | BKCHES
omd [N ; MAX [ W WX
3150 1 3 10 | iz,
¥ 11§ os g5
5 | ot tows :
1| 0015+ 002 | NOTES: 1. DIMENSION'NG AND TOLERANCING PER
2T 0ol oo ! LEADS WITHN 013 mm 06651 RADIUS OF TALE ANSIYILEM, 1562,
25 QI0ESC | POSHIN AT SEATING PLANE AT MAXMUM 2. CONTROLLING DIVENSION: INCHL
165 065 | 0085 1 MATERIALCONDITION 3. DIVENSION "A” AND “B” ALLOW FORLID
o0 0068 2 DIMENSION "L TO CENTER OF LEADS WHEN MISALIGHMENT, AND GLASS MEMISCUS.
7} 0115 FORMED PARALLEL. 4 DIMERSION “H" SHALL BE MEASURED AT THE
EANT 05%0 001 | 007 | 0045 POINT OF EXIT OF THE LEAD FROM THE BOOY.
— T | — 111 | 017 ] 0064 | 0007 | 5. LEADNUMBER | IDENTIFED BY TA3 ON LEAD OR
051 | 162 | 0on 939 | 0280 | 0310 DOT ON COVER.
01 | 038 | 0065 LTy — loms | — 6. DIMENSION *J” NCLUDES SOLDER LEAD FINISH.
051 § 076 1 0020 N1 — 1 0501 — 100 | 7 LEADNUMBERS SHOWN FOR REFERENCE ONLY.
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CERAMIC PACKAGE PLASTIC PACKAGE

CASE 693-02 CASE 707-02
LN, ANAARNNNMAA
b

Q [
{UUUUUUUUU
A

NOTES:
HOTES: 1. POSITIONAL TOLERANCE OF LEADS (D], SHALL 88
051 1. LEADS WITHN 0.13 mem {0.005) RAD OF TRUE WITHN 0.25mm(0.010] AT MAXIMUM MATERIAL
165 POSITION AT SEATING PLANE AT MAXIMUM CONDITION, [N RELATHON TO SEATING PLANE
8SC MATERTAL CONDITEION. AND EACH OTHER.
3 2. DIMENSION "L TO CENTER OF LEADS WHEN. 2. DIMENS:C L TO CENTER OF LEADS WHEN
) 2 .30 FORMED PARALLEL FORMED PARALLEL
X 06 3. DIMENSKON B DOES NOT INCLUDE MOLD FLASH,
Iil
] - 15
LN ) ost] 162
P SUFFIX L SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 724-03 CASE 726-04

LEAD
CONRG. (181010

L—»
!__

| MAX | MM [TV
3125 | 213 | 1.0 | 1265 223 | | 0880 | 0810 |  NOTES:
3% | 685 | 0250 | 0210 | Kores: 610 {749 | 0380 | 0% 1. LEADS, TRUE POSITIONED WITHEN 0.5 mm
6 | 4d [ous]ous 1. CHAMFERAED CONTOUR OPTIONAL. — 1 68 — [0 {0010} DIA. AT SEATING PLANE, AT MAX:MUM
38 |05t | 0015 | 0620 2. Di% "L TO CENTER OF LEADS WHEN FORMED 8 { 053 | 0015 | oo MATERIAL CONDITION.
127 85C 00S0BSC PARALLEL. 140 T 178 | 0055 | 000 2. D% "L TO CENTER OF LEADS WHEN FORMED
102 | 152 | o040 I 0060 3. DIMENSIONS AKD TOLERANCES PER ANSH 54 8SC 0.100 BSC PARALLEL.
254 65C 0.100 BSC Y145, 1382, Q51 | L1 | 0020 | 0045 3, DiM =A" & "8" INCLUDES MENTSCUS.
018 | 030 | 0007 | 00w 4. CONTROLUING DIMENSION: INCH, 020 | 030 | eocs | 0012 4. ~F" DMENSION IS FOA FULL LEADS. “HALF"
280 | 355 | 0110 | o0 s | Ax fodzs | oo LEADS ARE OPTIONAL AT LEAD POSITIONS 1,9,
76285C 0.300 85C 762 6SC 0.300 BSC 10, AND 18,
¢ ] o [ 1 e | s T I T I TS
051 | 1011 0020 | o040 05t | 107 { 0020 | 0040
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L SUFFIX
CERAMIC PACKAGE
CASE 732-03

660 | 749 } 0260 | 0295 NOTES:

1. LEADS WITHIN 0.25 mm [0.010 DA TRUE

POSITION AT SEATING PLANE, AT MAXIMUM
MATER'AL CONDITION.

B UREE | 2 L TOCENTER OF LEADS WHEN FORMED

020 | on | opcs | oo PARALLEL

o LS| ® DM AANDBLCLUDES HENSCUS.
I@EC | 0x%eEsc

[ W G T

N | 025§ 1020013 | oo%0

P SUFFIX
PLASTIC PACKAGE
‘ CASE 738-03

A}

SN g g Ny Y
20 n

F—

|0 10 8
T oo

| r—— m)
e Y ﬁﬁﬁﬁfq:‘{ <
- b
SEATNG —— -
e € L— L N M\/

=G F N T}

oan
oa0was o] iz ]

| D#4 | MAX |

%56 | 2137 | 1010 | 101
10 | 660 | 0240 | 0260
81 | 4571 0150 | 0.180

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!

39 | 055 | 0015 ; 0022 Y145M, 1962,
1,27 BSC Q050 BSC 2. CONTROLLING DIMENSION: INCH,

127 | 77 | 0850 § 0070 3. DIMENSION “L” TO CENTER OF LEAD WHEN
FORMED PARALLEL.
. 4 DIMENSION “B DOES NOT INCLUDE KOLD
FLASH,

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751-03

Y
LAF

LR

B ¢ yremnin el @l
(0] . 1.3

[

Ll e e

Sl ——— =N
p-+lle— tx

kA
] F—f L—g-'

m

“T 1S A DATUM SURFACE.

2. DIVENS:ONING AND TOLERANCING PER ANSL
YI45M, 1982

3. CONTROLUNG D:M: ALUMETER.

4. DIMENSION "A™ AND B~ DO NOT INCLUDE
MOLD PROTRUSION.

5. MAXIMUM MOLD PROTRUSION 0.1510.006) PER
$iDE.

6285C 0300 8SC
M| o |15 | o | 15
N_{ o051 ) 101 [ 0020 | 0040
L SUFFIX
CERAMIC PACKAGE
CASE 758-01
2(\_—.—"_“— 12 —T
8
e ot

WALMETERS . TCHES
3 6 120 L1785 KOTES:
750285 [ 035, 1 DIMENSION AIS DATUM.
TT44 005 0075 ¢ 2. POSTIONAL TOLERANCE FORLEADS: 24 PLACES

08 053, ool 00M
H 157 | 0045 ; 006, [T7]15 SEATING PLANE.
1 LHBSC SI0BC__; 4 GMENSION L TO CENTER OF LEADS WHEN
L0 03 008 L B0, FORMED PARALLEL
P AR LI QB g iSOG MO TOLERANCING PER AN
R R T R

314 1016 0350 | 0400 |
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1. DATUMS -, M-, -N-, AND -P- DETERMINED

WHERE TOP OF LEAD SHOULGER EXIT PLASTIC
80DY AT MOLD PARTING LINE.

2 DIM G, TRUE POSTION TO BE MEASURED AT
DATUM +T-, SEATING PLANE.

3. DIM R AND U DO NOT INCLUDE MOLD
PROTRUS!ON. ALLOWABLE MOLD PROTRUSION
1§ 0.25 (0.010) PER SIOE.

4. DIMENSIONING AND TOLERANCING PER ANS!
Y145M, 1962,

5. CONTROLLING DIMENSION: INCH.
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X
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PLASTIC PACKAGE X1
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FN SUFFIX
PLASTIC PACKAGE
CASE 776-02

NOTES:

1. DUE TO SPACE LIMITATION, CASE
776-02 SHALL BE REPRESENTED BY A
GENERAL {SMALLER) CASE QUTLINE
DRAWING RATHER THAN SHOWING
ALL 28 LEADS.

2. DATUMS -L-, M-.-N- AND -P- DETERM.NED
WRERE TOP OF LEAD SHOULDER EXIT PLASTIC
BODY AT MOLO PARTING LINE

3. DiM G1, TRUE POSITION TO BE MEASURED AT
DATUM -T-, SEATING FLANE.

4. DM R AND U DO KOT INCLUDE MOLD
PROTRUS!ON. ALLOWASLE MOLD PROTRUSION

Y145M, 1382
6. CONTROLUNG D:MENSION- INCH.

MAUMETERS | INCHES
OM T MIN_ | MAX_ BN : MAX
1232 | 1257+ 0485
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19 | 009
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066 | 081 | 0026 | 003
051 { — [ 000 | -
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| 121 1 0042 | 0048 §
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- | ¢ — 0
F | | 7 |
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KE | 102§ — Jooe; — ¢
a2 W r ;W
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in the use of insertion technology.

Limitations have been reached with insertion packages
and PC board technology. Surface Mount Technology
offers the opportunity to continue to advance the State-
of-the-Art designs that cannot be accomplished with
Insertion Technology.

Surface Mount Packages allow more optimum device
performance with the smaller Surface Mount configu-
ration. Internal lead lengths, parasitic capacitance and
inductance that placed limitations on chip performance
have been reduced.

The lower profile of Surface Mount Packages allows
more boards to be utilized in a given amount of space.
They are stacked closer together and utilize less total
volume than insertion populated PC boards.

Printed circuit costs are lowered with the reduction of
the number of board layers required. The elimination or
reduction of the number of plated through holes in the
board, contribute significantly to lower PC board prices.

Surface Mount assembly does not require the prepa-
ration of components that are common on insertion tech-
nology lines. Surface Mount components are sent
directly to the assembly line, eliminating an intermediate
step.

Automatic placement equipment is available that can
place Surface Mount components at the rate of a few
thousand per hour to hundreds of thousands of com-
ponents per hour,

Surface Mount Technology is cost effective, allowing
the manufacturer the opportunity to produce smaller
units and offer increased functions with the same size
product.

MECL AVAILABILITY IN SURFACE MOUNT

Motorola is now offering MECL 10K and MECL 10KH
in the PLCC (Plastic Leaded Chip Carrier) packages.

MECL in PLCC may be ordered in conventional plastic
rails or on Tape and Reel. Refer to the Tape and Reel
section for ordering details.

TAPE AND REEL

Motorola has now added the convenience of Tape and
Resl packaging for our growing family of standard Inte-
grated Circuit products. The packaging fully conforms to

peel-back cover iape.

GENERAL INFORMATION

& Reel Size 13 inch (330 mm) Suffix: R2
® Tape Width 16 mm .
® Units/Reel 1000

MECHANICAL POLARIZATION

View from
tape side

Linear direction of travel

ORDERING INFORMATION

e Minimum Lot Size/Davice Type = 3000 Pieces.

e No Partia! Reel Counts Available.

e To order devices which are to be delivered in Tape
and Reel, add the appropriate suffix to the device
number being ordered.

EXAMPLE:

ORDERING CODE SHIPMENT METHOD
MC10100FN Magazines (Rails)
MC10100FNR2 13 inch Tape and Reel
MC10H100FN Magazines (Rails)
MC10H100FNR2 13 inch Tape and Reel
MC12015D Magazines (Rails)
MC12016DR2 13 inch Tape and Reel

DUAL-IN-LINE PACKAGE TO
PLCC PIN CONVERSION DATA

The following tables give the equivalent 10 pinouts of
Dual-In-Line {DIL} packages and Plastic Leaded Chip Car-
rier (PLCC) packages.

Conversion Tables

weeinpiL |1]2]3]4]s]6]7]|8]9]10]11]12}13}14|15]16

20 PN PLCC | 2[3 7|8 | 9 |10]12]13]14]15[17]1819]20

oo |1]2]3]4]5]6|7]8]9]011]12]13]1a]15)16]17]18]19]20]

20PN PLCC | 1]2]3[4] 56|78 |8 [10[11]12]13]14]15]16]17]18[1e]20]
aapinoi |1]2|3]a]s]6]7]8]o]w0]11|12|13[14] 518 17]18|19]20]21|22|23]24|
28PINPLCC 2|3 4|5 8] 7|9 [1oj11[12[13[1a]16[17]18[19]20]21]23[24]25]26]27]28]
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