MECL Phase-Locked Loop Components

MC12513 Advance Information

ISSUE A .

The MC12013/MC12513 is a two-modulus prescaler
which will divide by 10 and 11. A MECL-to-MTTL trans-
lator is provided to interface directly with the MC12014
Counter Control Logic. In addition, the MC12013/MC12513
provides a buffered clock input and MECL bias voltage
source. Details of operation are on the MC12012 data sheet.

L SUFFIX
CERAMIC PACKAGE
CASE 620

16
1
P SUFFiX
PLASTIC PACKAGE
CASE 648

® 600 MHz (typ) Toggle Frequency
e =10/11
® MECL to MTTL Translator on Chip
o ME nd M nable Inputs
CL and MTTL Enable Inp PIN ASSIGNMENT
® +50or -5.2 V Operation
® Buffered Clock Input °
® Vg Reference Voltage Veco T — —— 16 Vee
® 310 Miltiwatts {typ) 04 2 — [~ 15 Clock
84 3 — — 14 vgg
(=) 4 — —— 13 E1 MECL
(+) 6 — — 12 E2 MECL
*When using +5.0 V supply, apply +5.0 V to pin 1 (Vcco), MTTL Vge 6 — — 11 E3MECL
pin 6 (MTTL Vce), pin 16 (Vgg), and ground pin 8 MTTL Output 7 ——oi 10 E4 MTTL
(VEg). When using -5.2 V supply, ground pin 1 (Veegl,
) . VEg 8 — l— 9 ESMTTL
pin 6 (MTTL V), and pin 16 (V) and apply -5.2 V to
- pin 8 (VEE). If the translator is not required, pin 6 may be
left open to conserve dc power drain.
FIGURE 1 — LOGIC DIAGRAM
MTTL ES 9 0D o1 5 a2 D a3 Q4 MECL
MTTL E4 10 Toggle to
Flip MTTL
MECL E3 11 Flop Trans-
MECL E2 12 .I—C I—C J—‘C C 3a iator
MECL E113
- - Recommended.Circuitry VBB
For ac coupled Inputs.
150-—~—-~- A 14 3264
:311000pF 1k G4 Q4+ - MTTL
® Clock Input . Out
FIGURE 2 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION
Vol - d
ot —w]  Pha Dewsctor Low-Pass Filter Osciiaror MC1648
' l Modulus Enable Line *
Counter Control Logic MC12013
o— MC12014 MC125613
T t Zero Detect Line
fout -
“Np Programmable +A Programmable
Counter MC4016 Counter MC4016
i Counter Reset Line ,
This is advance information and specifications are subject to change without notice. © MOTOROLA INC., 1976
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MC12013, MC12513 continued) » R

SWITCHING CHARACTERISTICS

Pin ~ MC12013 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW:
Under -30°%c +28°¢ +85% Pulsa | Putse [ Putse | Vitimin| Viewin | Ve | vee | voe
Characteristic Symbol | Test Ty | Mex | Min Typ | Max | Min Ty | Max | Unit | Gen.1 | Gen.2 | Gen.3 + t_ |30v | 30v | +20
Propagation Delay tigezr | 2 B = = - 53 8.1 = - - ™ 15 - - ERRN ETREXER ACKT B 1616
(Sae Figures 3and 5} | 17545. 2 - - - - 50 75 - - - 5 - - - {na213] 900 8 16,16
1547+ 7 - - - - 5.7 83 - - - l A - B - - - 8 16.16
15-7- 7 ~ = - -~ 41 8.5 - - - A — - — - - 8 16.16
Setup Time twerpl | 11 = - = 50 15 = = - - [ 15 B - - B 910 8 16,16 ,
1See Figures 4 and 81 | tyarup2 | 9 - - - 50 20 - - - - ns 15 - . - 2| - 8 16,16
Release Time trelt i = = = 50 15 = = = = ™ 15 v = = B 310 8 16.16
{See Figures 4 and 5 trel2 9 - - - 50 20 - - - - " 15 - - i AADEACT 8 16.16
Toggte Frequency Tonax ] = 800 - 550 | 600 = = 560 B LT = - = b - B 8 6
(Figure § : 11} .
"Test inputs saquentiatly, with Pulsa Generator 2 or 3 as indicated connected (0 input under test, and the voltage.indicated '
spplied to the othsr input(s] of the same type fi.e.. MECL or MTTL).
t -30°C | +25%C | +85°C
Vidmin] +1.03 | +1.115 T +120 [ vac
tViLmin | #0175 | +0.200 | +0.235 | Vac
SWITCHING CHARACTERISTICS
i MC12513 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW,
. Under -58°C +25°C +125°C Pubse | Putse | Puiss | Vinmin| Vitmin | VE Vee | Vec
Characteriatic Symbol | Test | Min Tye | Max | Min Tvp | Max | Min | Typ | Max | unit | Gen.1 | Gen.2 | Gan. 3 t + |aov ] sov | +20
Propagation Delay tgeze | 2 - - = = 53 EX] - s - ns 15 = - NN EYRTXEY IEXT) 8 16.16
(See Figures 3and 51 | t1542. 2 - ~ - - 50 75 - - - 15 - - - {11293 910 8 16.16
5474 ? - - - - 5.7 8.1 -~ - - A - - - - - 8 16,16
15.7. 7 - - - - a1 65 - - - A - - - - - 8. | 1616
Setup Time tatupt | 11 - = - 50 15 - - = = e 15 - - - B 10 8 16.16
(See Figures 4and 51 1 tierup2 | 9 - - - 5.0 20 - - - - ns 15 ~ . S AIRERE 8 16,6
Raleste Time tool1 " - = - 50 15 - - - - ns 15 " - - N 9.10 8 16.16
(See Figures 4 and 5} Trar2 9 - - - 50 20 - — - — ns 15 - N - 111213 M 8 16.16
Toggle Frequency Tmax 2 = 600 = 550 | 600 = = 550 B MHz = = N T - - ) 6
{Figure § = 11}

“Test inputs sequentially, with Pulse Ganerator 2 or 3 at indicated connected to input under test, and the voltage indicated
Sppilisd to the othsr input(s) of the same type lie.. MECL or MTTL)

+25%¢ | +1259¢

t -56°%C

1
ViHmin | +102 +1.1§ +1.27 | Vde
TViLmin | +0.165 ] +0.215 | +0.260 | Ve

FIGURE 3 — AC VOLTAGE WAVEFORMS

Pulse
Generator

+tn

MTTL
Out
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¥ FIGURE 4 — SETUP AND RELEASE TIME WAVEFORMS

: : Pulse ViHmin Pulse ViHmin
g Generator Generator
tsetup 1 = YiLmin 1 —ViLmin
- Pul ViHmin Pulse "V Hmin
Generator Vit min Generator 50% \ vi
i R
2 tsetupz | m 2 ‘Yrel2 o ! Lmin
Pulse ov Pulse ov
Generat Generator 90%
rator Vee en3 / 10% Vee

3

i +1.5v,x - 15V
| s / Divide by 10 Q4 /- Divide by 11

/‘ . Vin

= 50

v Pulse

- Generator

;o # 100
o Vin
\ i ’ Pulse 50
. Generator
o, #2
i 100
PR
i ' ) Vin

L ' 850

FIGURE 5 — AC TEST CIRCUIT

Vout (Scope Channel 8)

Veg = +2.0V

out

*Use a 50-ohm resistor
when testing the MC12513.

Vout

Vee = +2.0V

Pulse 1950 $ 400
Generator
#3
= MMD6150
or equiv
. AL .
Vino—{_D—e T MMD7000
{Scope Channel A) or equiv
. MC10109 or equiv.

D —
p All resistors are + 1%.

By All Pulse Generators are 50 All input and output cables to the scope are
5 u .
equal tengths of 50 §) coaxial cable.
EH 137 or Equiv e 9

Pulse Generators ®1 and #2: The 1950-ohm resistor at pin 7 and the scope
termination impedance constitute a 40:1 Vgg = -30V

PRF = 10 MHz )
PW = 50% Duty Cycle attenuator probe.

t+=t- =2.0202ns C1 15 pf = total parasitic capacitance which
includes probe, wiring, and load capacitance.

Puise Generator #3

. PRF = 2.0 MHz Unused output connected to a 50 chm
L PW - 50% Duty Cycle resistor to ground {(MC12013), 100 ohm
th 5 1-=5.0+ 0.5ns resistor to ground (MC12513).
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MC12013, MC12513 (continued)

FIGURE 6 — MAXIMUM FREQUENCY TEST CIRCUIT (= 11)

to
Scope

Vin
{To Scope) Vee

*Use a 50-ohm resistor
when testing the MC12513.

Ea | e
ES a0
Q4
Sine Wave 0.1 uF 15
NS s SD Wl A

E3

Clock i
ilnput
0.1 uF
850 mV typ g.: 3.0
] = Vgg=-30V
— B I
Q4 6 Cycles 5 Cycles Unused output connected to a
/ | / 50-ohm resistor to ground (MC12013),

-100-ohm resistor to ground {(MC12513).

FIGURE 7 — STATE DIAGRAM

Q1 Q2 Qa3 Q4
- 1 1 1 1

[} 1 1 1 )

0 0 1 1

0 0 [+] 1

1 V] 0 1
Enable = 0 1 1 [s] 1 Enable =~1

o 1 1 0

0 0 1 0

o] V] [¢] 1]

1 0 0 0

1 1 ¢} o
NOTES:
— — — Enabie - 1.

The State of the Enable is important g_nlv for the positive
Clock Transition when the counter is in state 1100.
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MC12013, MC12513 (continued)

APPLICATIONS INFORMATION

The primary application of the MC12013/MC12513 is

as a high speed variable modulus prescaler in the divide by
N section of a phase locked loop synthesizer used as the
local oscillator of two way radios. The theory and advan-
tages of variabie modulus prescaling, along with typical
. applications, are covered in detail on the data sheet for
the MC12012.
Proper VHF termination techniques should be foliowed
when the clock is separated from the prescaler by any
appreciable distance.

In its basic form, the MC12013/MC 12513 will divide
by 10 or 11. Division by 10 occurs when anyone or all of
the five gate inputs E1 through E5 are high. Division by 11
occurs when all inputs E1 through E5 are iow. (Uncon-
nected MTTL inputs are normally high, unconnected
MECL inputs are normaliy low.) With the addition of
extra parts, many different division configurations may be
obtained (20/21, 40/41, 50/51, 100/101, etc.). A few of
the many configurations are shown below.

FIGURE 8 -~ +10/11

5
!
|
|
!
|

—_

13 |

o—E1

O—f— 2

11

ot e :

E4 |
o

Enabl

e
[
]
o]
@
Q
&

o 1 1 1 1
0 1 1 1 el
0 0 1 1
] [+] [«] 1
1 o} [+] 1
e =0 1 1 [v] 1
) ] 7 ) E.nable= 1
[+] 4] 1 4]
0 [} [} 0
1 0 0 ]
1 1 0 4]

of iHustrating typical semiconductor applications: consequent

necessarily given. The information has been carefully checked a

Circuit diagrams utilizing Motorola bvoducts are included as a means

complete information sufficient for construction purposes is not

is believed to be entirely reliable.
ly, assumed for inaccuracies.
convey to the purchaser of the semiconductor devices described any
nd license under the patent rights of Motorola lnc. or others.

However, no responsibility is
Furthermore, such information does not
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MC12013, MC12513 (continued)

FIGURE 9 — +20/21

COUNT | Q1 Q2 | Q3 Q4 Q4
31 1 1 1 1 1 ~-
- 30 ] 1 1 1 1
F————= 7 28 o 0 1 1 1
13 | I 24 [ 4] [] 1 1
1
12 E 2 25 1 0 4] 1 1
o——E2 Q4 o 27 1 7 0 1 7
1 | | 22 0 1 1 0 1
O—I E3 | 20 o [0 |1 0 7
10
E4 I 16 0 0 o] o 1
9 17 1 o] 4] [+] 1
3 . =
Oo——€es Ga o E2+E3+E4+E5=0 19 1 1 0 0 1 E2+E3+E4+ES= 1
15 § I 14 o 1 1 1 4]
0—1— [of
I 12 0 0 1 1 0
5 ' 8 0 (4] 0 1 0
+]  mecL | 9 1 o | o 1 0
to
| MTTL ] 5 11 1 1 0 1 0
4
- Trans- o 6 0 1 1 0 0
fator 4 o o |1 |o | o
L— _——_——— —l 0 0 0 0 0 0
1 1 1] o] 4] 0
Qs 3 1 1 [} 0 [}
o Q
To obtain an MTTL output, connect pins 5 and 4 to pins 2 and 3 respec-
. tively. Termination resistors for the MECL outputs are not shown, but are
c Q O required except for the flip-flop driving the transiator section.

MC1034 The + 20/21 counter may also be built using an MTTL flip-flop by con-
necting pins 5 and 4 to pins 2 and 3 respectively, and driving the MTTL
flip-flop with pin 7. MC12013 inputs E4 and E5 are used rather than E1
With E1 + E2 + E3 = 0, operation remains as shown.

FIGURE 10 — - 40/41
[
I 2 ~—————" For ~40: E4 + ES = 1
| | For -41: E4+E5=0
Q4 —I—-O— o
O [ Q
' | |
I —o——c G+—o
| i I
| 3 [
Qa4 —I_o D Q —|—0—4
I c 5
MECL | L _j
to —_———
MTTL ' MC10131 Termination resistors for MECL
Trans- | 7 outputs are not shown, but are
tator _r'o required except for the flip-flop
—] driving the translator section.

MOTOROLA Semiconductor Products Inc.
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COUNTER CONTROL
: Loaic

MECL Phase-Locked Lodp Components K

MC12014
MC12514

The MC12014/MC12514 monolithic counter
control logic unit is designed for use with the
MC12012 Two-Modulus Prescaler and the MC4016

P SUFFIX
PLASTIC PACKAGE
CASE 648
L SUFFIX
CERAMIC PACKAGE 18
CASE 620 1

Programmable Counter to accomplish direct high-

frequency programming. The MC12014/MC12514
consists of a zero detector which controls the
modulus of the MC12012, and an early decode
function which controls the MC4016. The early
decode feature also increases the useful frequency
range of the MC4016 from 8.0 MHz to 25 MHz.

fin
(Clock)

G111
Ll . ‘Vcc=Pin16|
; . Gnd = Pin8 :_
= MAXIMUM RATINGS - | b —- — — — — — —— 4 - —
< Rating Symbol Unit :' T T T T T zero Detectar
Supply Operating Voltage Range 4.75 t0 5.25 Vdc |
Supply Voltage +7.0 Vdc )
Input Voltage +5.5 Vdc 30 2 |
O—r———————_
- | OQutput Voltage +5.5 Vdc |
Operating Temperature Range 0 to +75 oc Z1 3 o
Storage Temperature Range -65 t0 +150 oc O o7
Maximum Junction Temperature +150 oc z2 4 4 |Enable
Thermal Resistance - Junction 0.05 oC/mw 75 s ! Gi6 | Out
0-1————————
to Case (6¢) | G |
Thermal Resistance - Junction 0.15 oc/mwW B2 & © 0 G17 :
to Ambient (8 ya} L —_ - — - - J
FIGURE 1 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION
Voltage y
Phase
Low-Pass Controlled -
fref » 3‘(’;:;;‘: Filter Oscillator fout
MC1648
Modulus Enable Line
Two-Modul
L} Counter Contro} Prw:aleur us
Meros = MC12012
C MC12013
1 MC‘I?S‘M: . MC12513
l Zero Detect Line
f T
out N A
Programmable Programmable
Counter Counter
MC4016 MC4016
i Counter Reset Line *
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MC12014, MC12514 (continued)

WA — RIVN .
— — — 1T ULIOJIARM _ _ 1} ULIOJIARM
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8 - gt - 9 - | - 1 svee| - ¢ | - Al - | ve wA|. — | v L HOA
8. - o - vi‘oL - | = Jevan| - | - 6 Al so | — wal so | — 6 E
8 - 9L - jovgvez | — | — fevevi| - | - L wA| so | — pA| s0 | — t «10A abe3joA IndinQ
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MC12014, MC12514 (continued)

AC ELECTRICAL CHARACTERISTICS (vcc = 5.0 Vde, vu/vtform letters refer 10 waveforms on next page.)

Pin N Volitage Applied to Pins
Under MC12514 Test Limits Ins) Pulse Gon. 1| Puies Gen. 2] Puise Out Listed Below
Tost -85°c +25% N2 e Wove- Wave-
Characteristic Symbol | In Out| Min | Max | Min | Typ | Max | Min | Max| form | Pin | form | Pin | form | Pin ViL=05V |Viy=24V
Propagation Delay PLH1 1 9 - 16 - 10] 15 - 19 A 1 J 10 K 9 11,12,13 14
tPHLY 1 9 — 17 - 11 16 - 18 A 1 J 10 K 9 11,12,13 14
WMz | 2] 7] — | 12] — | 85] 2| — | 17| A J1] 84 2| L | 734511213 61012
3 - - - 3 2,45,11,1213
4 - - - 4 2,35,11,12,13
5 - - - 5 2,3.4,11,12,13
PHL2 1 7 - 17 - " 16 - 19 A 1 H 2 L 7 | 3.4511,1213| 6,10,14
PLH3 6 7 - 17 - 1 16 - 20 A 1 J 6 L 7 ] 23.45,11,12,13 10,14
Setup Time ot |10] — | ~ | -1 - |t0]20] = | - | & |t 1] G 1.12.13 14
11 - - - - 7.0 | 12 - - 11" F 12,13 10,14
2l -| - - - -1 - 12 ‘ 1,13
B -] -] =1 - N 13 1112
| - | -| - -f10f20] -] - 4| G 11,12,13 10
Satup'0” | 10 - - - - 45 | 80 - - A 1 [ 10 F 11,12,13 14
n| - - - -1so|le0e]| -] - : 1|6 12.13 10,14
2] - - - - ; - - 12 * 11,13
' I (R R -1 - 13 1m12
1wl -] -} -} - [as]eof - | - 4| F 11,1213 10
Hold Time thold“1” | 10 - - - - | 40180} — - A D | G 11,1213 14
m|l - - -|-]so]w| -| - n|F 12.13 10,14
73 IS R I ‘ ‘ N 12 * 1113
13 - - - - - - 13 11,12
] -t - - - [aolso] - | - 14| 6 11,1213 10
thoid0” | 10 - - - - 10] 20 - - E 10 F 11,1213 14
ny - -l -f-lws|w| -1 - n|a 12,13 10,14
w2l - 2| -} * . 12 ‘ 1,13
al - | - = | - - - 13 12
wl - | - | - - lio]20f -1 - ul|F 11,1213 10
AC ELECTRICAL CHARACTERISTICS (V¢ = 5.0 Vdc, waveform letters refer to waveforms on next page.}
Pin - Voltage Applied to Pine
Under MC12014 Yost Limits (na} Putse Gen. 1| Puise Gen. 2] Putss Out Listed Below
Tost 0°c +25% $75%C _'Wave Wave- Wove-
Characteristic Symbol | In [ Out] Min | Max | Min | Typ | Max | Min | Max| form | Pin | form | Pin | form | Pin| Vi =05V |Vyy=24V
Propagation Delay tPLH1 1 9 - 15 - 10 | 15 - 17 A 1 J 10 K 9 11,12,13 14
PHLI 1 9 - 16 - 11 16 - 18 A 1 J 10 K 9 11,1213 14
tPLH2 2 7 - 12 - 85| 12 - 14 A 1 H 2 L 7 | 345,11,91213] 6,10,14
3 - - - 3 245,11,1213
a - - - 4 235,11,1213
5 - - - 5 2,3.411,12.13 .
tPHL2 1 7 - 16 - n 16 - 18 A 1 H 2 L 7 | 3.45.11,12,13] 6,104
tPLH3 6 7 = 16 - 1 16 - 18 A 1 4 6 L 7 ] 2345111213 10,14
Setup Time Sewp1 |01 -] - | -~ ] - |10]|208] -] - 1 0] G 111213 14
nl - = =] - J70lt2]| -1 - nir 12,13 10,14
12 - - - - - - 12 14,13
Bl - - -1- N 13 11,12
| - - | - -]1wo]20] -} - ula 11,12,13 10
Yowp0 | 0] =] - | - | - |45]80] - -] A | 1] c |w]|F 112,13 1
wl - 2] 2| Z|seleo] [ - n|e 12,13 10,14
1?2 - - - - { - - 12 + 11,13
13 - - - - - - 13 11,12
wl -] -] - ~-las]so] -] - ] F 11,12,13 10
Hord Tome Toogrl10] -] <1 -] < Jao]se] -] -] & o [w]e 11,12,13 14
11 - - - - 50} 10 - - 1 F 12,13 10,14
12 - - |- - ‘ - - 12 ‘ 11,13
k] 2 212 - _| - 13 EIRT:
1] -] - -] - laolsol - | - ul e 11,1213 10
thoie'g” | 10 - - - - 10} 20 - - A € 10 F 11,12,13 14
1 - - - - 75 14 - - 1 G 12,13 10,14
2l - - 2] + I 12 + 113
Y DA R R . 13 m12
|l -] -l -1 -liolao] -1 - w|F 1,12,13 10
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MC12014, MC12514 (continued)

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

950 +1.0%

TPin

PULSE
GENERATOR

PRF = 1.0 MHz double pulsed '
for waveform A
1.0 MHz for waveform B
tr=t=50ns
{10% to 90% points)

Two pulse generators are required and must be slivcd together to provide the

waveforms shown.

Ct = 15 pF = total parasitic capacitance, which includes probe, wiring, and

load capacitances.

The coax delays from input to scope and output to scope must be matched.
The scope must be terminated in 50-ohm impedance. The 950-chm resistor
and the scope termination impedance constitute a 20:1 attenuator probe.

1]

. Ve
+6.0

C
Vde

S

0.01 uf

=y

TO ut

€o}—o

Coax shall be CT-070-50 or equivalent.

SETUP AND HOLD TIMES

50
ns 100 ns
15V
tsetup* 1" [
18V _\
tsatup ‘0’ eg—
1.5V J,
thotd* 1" —  |a—
—3(1.5 v
thold Q" —=| pa—

\_]lm v
[
S\

3.0V

ov
30V

oV
30V

ov
aov
ov
3ov
ov

Vou

VoL
VoH

VoL

Coax

AY)

Vce
+56.0 Vdc

400

MMD6150
or Equiv

MMD 7000
or Equiv

A foad is connected to
each output during testing.

PROPAGATION DELAY TIMES

50
ns

A# _7 15V

4 e tPHLY \

PLH1—o
K 15V
v,
PHL2—] ot
Vor
L 15V
Voo

#Pulse A (fjn) used with atl tests.
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MC12014, MC12514 (continued) - R

o APPLICATIONS INFORMATION

The MC12014/MC12514 Counter Control Logic in-
corporates two features for enhancing operation of the
MC4016/MC4018 Programmable Counters.! Maximum
operating frequency of the counters is limited by the time

required for re-programming at the end of each count-
down cycle. Operation can be extended to approximately
25 MHz by using the ‘‘early decode’ feature included in
the MC12014. The appropriate connections are shown in

FIGURE 2 ~ INCREASING THE OPERATING RANGE OF MC4016/MC4018 PROGRAMMABLE COUNTERS USING MC12014/MC12514

fout

Clock _
n

1

-7.<— Required with MC4018 only. (Must be grounded if not used.)

[ 1

L |

PQIO Q11 Q12

MC4016/18
R DO DT D2 D3

G
MRDO D1 D2 D3

| L 1L 1 1
Q13 L Q20 Q21 Q22 Q23 Q30G31Q32 Q33
R PE R PE R
€ MCc4016/18 € Mca016/18
8

B [
MRDO D1 D2 D3

|

T

—qZze 03

]

i

10 1 0O 0o 0 1 o 1 o ©
L.S.D 4 M.8.D
5 2
245
H Input H
Puises

(

3210'9\87~65432

5§ 43 2109

LIy

atm | | | 1 |

R

Q2’| !

1

Q13 _1

—

az20 |

Q21 -
Q22

Q23

Bus I

*Non-expanded version

1,
of bottom waveform. out

1Seo the MC4016/4018 data sheet for additional information,
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“MC12014, MC12514 (continued)

/

Figure 2. Only three counter 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 connected to the
input clock; ali parallel enables are connected to the Q out-
put {fout) of a type-D flip-flop formed by gates G2 through
G7 in the MC12014 package; the bus terminal of the least
significant stage is grounded; ali other bus terminals and
one internal resistor, R, are connected together and serve
as a data input, B1, to the flip-flop. Four additional data

inputs, PO through P3, serve to decode the ““two”’ state of -

the least significant counter stage. Circuit operation is illus-
trated in waveforms of Figure 2, 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
programmed. . Timing is not shown for the third stage
since it has already been counted down to the all zero
state. As the next-to-least significant stage reaches zero,
the common bus line goes high. Count down of the least
significant stage continues until the “two’’ state is reached,
causing the remaining data inputs to the flip-flop to go
high. The next-to-last clock puise of the cycle then trig-
gers the flip-fiop Q output low. This takes the parallel
enables of all three counter stages low, resetting the pro-
grammed data to the outputs. The next input pulse clocks
Q back to the high state since the data inputs to the flip-
flop are no longer ali high. The resulting negative output
pulse at foyt is one input clock period in duration. Note
that division by N equal to 001 or 002 is not available
using this method. :

The frequency synthesizer shown in Figure 8 requires
that the programmable counters be quickly stopped after
reaching their terminal {zero) count. This can be simply
accomplished by taking the master reset of all stages low
at the appropriate time. The bus output of the counters
could be used for this function since a transition there
signals the end of a count-down sequence. However, due
to the relatively long detay between the last positive clock

¢

transition and the bus transition a faster method is re-
quired in this application.
The “zero detection” feature of the MC 12014 provides

a convenient means of implementing a faster method.

Gates G12 through G19 form a latch whose output goes
high if B2 is high and low logic levels are applied to the
20 thru Z3 inputs. When once set to a one by appropriate
input conditions, the output of G19 remains high until
it is reset by the circuit comprised of gates G8 through
G11. Note that since the required information is stored,
the counter can be allowed to continue cycling.

The GB8-G11 circuit monitors the G7 output of the
"early decode” type D flip-flop. When the counter stage

connected to the PO thru P3 inputs has counted downto.

its two state the output of G7 goes high; this enables the
G8-G11 circuitry and the next positive clock transition

causes the output of G11 to go high, resetting the output .

of G19 to zero.
Operation of the Counter Control Logic can be further
clarified by considering a typical system application for

programmable counters illustrated in the frequency synthe- ]

sizer shown in Figure 3. There the counter provides a
means of digitally selecting some integral multiple of a
stable reference frequency. The circuit phase locks the
output, fycQ. of a voltage controlled oscitlator to a

reference frequency, fref.2 Circuit operation is such that -

fvCo = Nfref, where N is the divider ratio of the feedback
counter, permitting frequency selection by means of thumb:
wheel switches.

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 4. For this configuration, fygo =
NMfref, where N is variable (programmable) and M is
fixed. Design of the optimum toop filter requires that
the input reference frequency be as high as possible where
the upper limit is established by the required channel

‘

FIGURE 3 — MTTL PHASE-LOCKED LOOP
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2 See Motorola Application Notes AN-535, AN-532, arid the MC4344/4044 Data Sheet for detailed explanation of over-all circuit operation. ,7‘ K




' MC12014, MC12514 (continued)

kspacihg. Since fyco

FIGURE 4 — MTTL-MECL PHASE-LOCKED LOOP
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= Nfref in the non-prescaled case,
if N.is changed by one, the VCO output changes by fref,
or the synthesizer channel spacing is just equal to fref.

‘When the prescaler is used as in Figure 4, fiyycQ = NMfret,

and a change of one in N results in the VCO changing by
Mfmf, i.e., if fref is set equal to the minimum permissible
channel spacing as is desirable, then only every M channels
in-a given band can be selected. One solution is to set
fref = channel spacing/M but this leads to more strlngent

loop filter requirements. :

. An alternate approach that avoids this problem is pro-
vided by the counter configuration shown in Figure 5.
It too uses a prescaler. ahead of.a programmabie 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 count-
er for division by N pc. The prescaler will divide by (M +1)
‘until the modulus control counter has counted down to

FIGURE 5 — FEEDBACK COUNTERS WITH DUAL

MODULUS PRESCALER
Modulus Control _]

Counter

y + ch

fin Dual Modulus

. Prescaler

From ~M or (M+1)

vco Programmable
Counter -
FNpe fout

To Phase Detector
for comparison with fq¢.

f
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out

zero; at this time, the all zero state is detected and causes
the prescaler to divide by M untit the programmable count-
er 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.

To determine the relationship between ¢ and fip, let
T1 be the time required for the modulus control counter
to reach its terminal count and let T9 be the remainder
of one cycle. That is, T2 is the time between terminal
count in the modulus control counter and terminal count
in the programmable counter. When the modulus control
counter reaches zero, Niyc pulses will have entered it at
a rate given by fin/(M + 1) pulses/second or T1 is:

M+1 .
R ) M)

L ]
mc
fin

At this time, Ny pulses have also entered the program-
mable counter and it will reach its terminal counter after
{Npc - Nmc) more puises have entered. The rate of entry
is now fin/M pulses/second since the prescaler is now di-
viding by M. From this T is given by:

To=— e (Npc-Nmc!} (2)
fin ,
1
Since f=-—:
7
1 1 1
= = = (3}
Ttotat T1+T2 (M+1)Npe . M(Np¢ - Nme)
fin fin




MC12013, MC12513 (continued)

fin
(M+1)Nmc + M(Npc-Nmc)

fout =

fiq

© MNmctNmeMNpe-MNme

_ fin
MNpctNme

In terms of the synthesizer application, fyco = (MNpe +
Nmec) fref and channelscan be selected every fref by letting
Npc and N take on suitable integer values, including
zero. .
A simplified example of this technique is shown in
Figure 6. The MC12012 Dual Modulus Prescaler divides
by either 10 or 11 when connected as shown in Figure 6.
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 results. 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
programmable counter chain. Appropriate waveforms for
division by 43 are shown in Figure 7a.

The beginning of the timing diagram indicates circuit

status just prior to the end of a countdown cycle, i.e., the
modulus control counter has been counted down to one
and the programmable counter is,in the two state. The
next positive transition from the prescaler (f1 in the timing
diagram) then initiates the following sequence of events.
Since the two state of the programmable counter enables
the early decode circuitry in the MC12014, the positive
f11transition causes fo ¢ to go low. Since fo ¢ is connected
to the Parallel Enables of all the MC4016 counters this
low signal will re-program the counters in readiness for
another cycle. However, due to the propagation time
through the decode circuitry, the programmable and modu-
lus control counters are briefly decremented to one and
zero, respectively, before re-programming occurs. The
momentary zero state of the modulus control counter is
detected, setting EQ of the MC12014 high, enabling the
MC12012 for division by ten during its next cycle. After
eleven more fin pulses (EQ went high after the beginning
of the prescaler cycle and so doesn’t change the modulus
until the next prescaler cycle}, f1 again goes high, causing
fout to return to the one state. This releases the Parallel
Enables and simultaneously resets EQ to zero. However,
since EQ was high when the current prescaler cycle began,
the next positive f1 transition occurs only ten fin pulses
later. Subsequent f1 transitions now decrement the MC-

4016 counters down through another cycle with the pre--

scaler dividing by eleven. From the waveforms, 11 + 10
+ 11 + 11 = 43 input pulses occur for each output pulse.

Division by 42 is shown in Figure 7b. Oper3tion is
similar except that the modulus control counter reaches
its terminal count one f1 cycle earlier than before. Since

FIGURE 6 — FREQUENCY DIVISION: fg = fin/(MNpe + Npne)

fin ™ A l o _
+ Q4 PO P1 P2 P3 B1 |fout
>—¢ mc12012 1
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€41 03 03— Q4 Z0 Z1 2223 B2
LT b T
-
> e —_—
jsﬂ) ¢ 510 -
WL T
= = L L PE
pE QO Q1 Q2 Q3 A PE 000Q1Q2 03 'q Pe Q3 c
€ Mmc4016/18 ] —cC MC4016/18 C  Mc4016/18
Dual Modulus G B —~G B G 8- G
l?rescaler: MR DO D1 D2 D3 MR DO D1 D2 D3 MRDO D1 D2 D3 MR
TMor (M+1) 14 T O e
M =10} = R
More Significant
11 00 0 0 1 0 0 O 0 O StagesProgrammed
—_— N (L.S.D.) to Zero ,
Modulus Control Y R
Counter: + N Programmable Counter: “Npe
.
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: MC12014, MC1 2514 (continued)

FIGURE 7a —~ DIVISION BY 43
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FIGURE 7b — DIVISION BY 42
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EQ is reset by the trailing edge of the fo,¢ pulse, Eg now
remains high for two prescaler cycles leading to 10 + 10
+ 11 + 11 = 42 input pulses for each output pulse.

Other combinations lead to similar results, however
note that Npc must be greater than or equat to Nmc for
operation as described. If Ny is greater than Npc erro-
neous results are obtained, however this is not a serious
restriction since Np is greater than Ny ¢ in most practicat
applications.

The synthesizer shown in Figure 8 generates frequencies
in the range from 144 to 178 MHz with 30 kHz channel
spacing. It uses the dual modulus prescaler approach dis-
cussed earlier. General synthesizer design considerations
are detailed in the publications listed in footnote 2, hence

only the feedback counter is discussed here. Requirements
for the feedback divider are determined from:

M Divider R N 144.00 MHz 4800
inimum Divider Ratio = e =
Y Tmin = 30 kHz
M Divider R N 177.99 MHz 5933
aximum Divider Ratio= = . =
Tmax = 30 khz

If the prescaler divides by at least ten, the maximum
input frequency to the TTL counters will be 17.799 MHz,
allowing use of MC4016 Programmable Counters with the
MC12014 frequency extension feature. :
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MC12014, MC12514 (continued) ,'

FIGURE 9 — Npc PROM PROGRAMMING

While field programmable read only memories (PROMs)3
are shown, they would normally be used only during de-
velopment; suitable fixed ROMs are more economical in
" production quantities. The design procedure for the code
‘conversion s illustrated in Figure 9. The required pro-

sw | sw[__sw# sW#2  [prom PROM OUTPUT BIT
| #2 AS A4[A3 A2 A1AO|WORD| M.S.8B. LSB. [ Npc worD | 7 | 6 5 | a | 3| 2 1 0
(144 MHz) 44 01000 t 0O 4 01 001 0 00 48 |480 [s] - - - — - - — -
45 1 00|01 01 5 ¢ 1 0 0|1 0 OO a8 1 — - — — — — — _
46 0100|0110 6 |01 0010000} as 3 - - = - — — —
a7 01000 1 11 7 Jo 1 0 o0fr 00 1] ae 3 ” — = — - — — —
48 ¢ 100 1 000 8 0t 0 0|t 0 0O 1 49
49 01001001 9 {01 0 0J1 0 0 1] 40 4 o 1 o o 1 0 o [}
50 010 1]0 00 0| 16 |01 0 1|0 00 0f s0 ] o L ) o 1 o o [
51 0t 01 ¢ 0 0 1 17 ot 01)/0 0 00O 50 6 [+] 1 0 0 1 [ [s] )
52 0101/00 10 18 0.1 0 1/o 0 0o o] 50 7 o 1 o ° 1 ° 0 1
53 0Ot1o01/00 11 19 [0 1 0 1|0 0 0 1] 81 8 ) 1 ) o 1 ° ° 1
54 c 10 1 0 1t 00 20 1 0 1|/0 0 0 1 51
55 0t 0 1 g ¥ 0 1 21 0O 1 0 1/0 0 0 1 51 190 S 1 o L 1 0 ] 1
56 010 1{0 1 10 22 [0t 0 1|0 O 1 O] 52 = — — — — — —
57 010140 11 1| 23 |o 10 1|00 1 0fs2 n = b = - o = -
58 o010 1 1 0 0 0 24 01t o0 t|j0o 010 52 12 el - — — — — — —
59 ot o1 1.0 01 25 01" 0 10 0 1 1 53 13 = = - = = - — —
60 0110 0o 0 0O 32 o1 0 10 0 11 53 14 - - - - - - -
61 0110/0 001 33 |0 1 0 1{o 0 1 1} 53 15 — — = — — — — =
62 0110 c 010 34 ot 0 tj0 1 0 O 54 16 Y 1
63 o110 oo 13 35 0Ot o t{0o 1 00 54 17 ° 3 o 1 9 ° o 9
64 0110{01 00| 3 |o1 0o 1{0100]s5s4 o 1 o 0 o o
65 @ 11 0]0 1 0 1] 37 |01 0 1]0 1 0 1] 55 18 0 1 ] 1 o o [ ]
66 0111t 0l0 1 10 38 01 0 tjot 01 55 19 ] 1 o 1 [+] [ [ 1
67 011 0 0 1 t 1 39 01 0 110 %t 0 1 55 20 (] 1 o 1 0 [ [ 1
68 0110 1 0 00 40 ¢ 1 ¢ 1]/0 1710 56 ral 0 1 [ 1 [ 0 0 1
69 01101 001| a4 jo 10101 1 0|56 22 ° 3 ° ] ) ) 3 )
.70 1 1 1 0 0 00 48 01 0 1j0 1 1 0O 56 23 o 1 ° ] ) ° 3 °
7 0 11 1|0 0 01 49 0 1t 0 10 1 1 1 57 24 ° 3
72 0111/0010]| s0oje1o 1|01 1]s7 0 1 0] 9 1 9
73 01 1 1 o 0 11 51 0Ot 0 1]0 v 1 1 57 25 0 1 2] 1 0 [ 1 1
74 01110 100 52 {0 1 0 t(1 0 0 o] 58 26 - - - - - - - -
75 01 11 o 1 011 53 01t 0 1/1 000 58 27 - - — — — - - _
) 76 0111101 10{ 864 jo 10 1|t 0oo0afss 28 — — -~ = — — — =
(177 MHz) 77 o 1 11 o 1 11 55 01 0 t|1 0 01 59 |590 29 — - — —
30 - - - = =-T-1T-1T=
31 — — — — — — — —
32 0 1 0 1 0 0 1 1
The required divider range, 4800 to 5933, is obtained :: g 1 0 1 ] 0 L 1
- N 1 0 1 0 1 [+ 0
in the following manner. the MC12012 Dual Modulus 3% ° 7 o 7 o 3 5 o
Prescaler is connected in the divide by 10/11 made; the 36 0 1 0 1 0 1 0 [
modulus control counter uses two MC4016 stages with 37 [ 1 [ 1 ) 1 0 1
Nmc ranging from 00 to 99, establishing the two least ;‘: g : g : z ; g :
significant digits of NT. The remaining two digits of NT 20 T R T B T T o
are obtained from a three stage programmable counter 41 0 1 [ 1 0 1 1 o
generating Npc. The least significant stage of the Npc 42 Al S S N I e S -t
. . . 43 — — — - - - - —
counter is fixed programmed to zero. The required pro- a4 —t—— — T — —
gramming for all remaining stages is derived from four 25 — I - T T 1< -
channel selector BCD thumbwheel switches. The relation- 46 -t =-1-1t -1 -T-T-71T=
ship between NT and the counters is given by NT = MNpc :87 ; : ; - ; ha all W
. H - 1 1 0
+ Nmc; for a typical channel, say 144.33 MHz, NT = 4811 25 o 3 o 3 o T3 " 7
requires that M = 10, Np¢ = 480, and Ny = 11, or NT = 50 o | 1 o | 1 o | 1 1 1
(10)(480) + 11 =4811. 51 0 11 [ 1 o 1 1 1
. . . . 52 0 1 0 1 1 1) 0 4]
A general problem associated with synthesizer design =3 ° 3 o 7 T o o >
arises from the fact that there is not always a one-to-one 54 ) T o 1 1 ° o 0
correspondence between the code provided by the channel 55 [} 1 0 1 1 [} 0 1
selector switches and the code required for proper pro- :: e MM SN Wodi Sl St S
gramming of the counters. For instance, in the example 58 [N B R S S (P R pa
above where 144.33 MHz was selected, the channel selector 59 - -1 -1T-1-T-T-1T-=
switches are set to 44.33 while the required divider ratio :‘1’ = -1 -t -1 -1 - =
is 4811. There are numerous solutions for a given trans- &2 —t Tttt 1
fation requirement, however the method shown here using 53 - — _ — _ — _ _
read only memories offers a straight-forward design method.
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3 See the MCMS5003 data sheet and AN-550 for details of opera-
tion; briefly, one of 64 eight-bit output words is selected by a
six-bit address applied to the input. The word located at each
-address can be field programmed by the user.




MC12014, MC12514 (continued)

FIGURE 10 — N,,c PROM # 1 PROGRAMMING

sw | sw | sw#s SW #4 PROM PROM OUTPUT BIT
#3 | #a A5A4| A3 A2 A1 A0 | WORD M.5.B LSB. |Nme WORD | 7 6 5 4 3 2 1 o
(144) 00 0000|00GCO o [0 0o0o0foooo| oo [} o ol o o lojo] o [}
.03 Q0 0 0 0 0 1t 3 00 0 0j0O O O 1t o 1 0 1] 1 o 0 1 1 1
.06 0000|0110 6 00 0 0{0 0 1 0 02 2 o ° ° 1 ° 1 o 0
.09 00001 o0 0.1 9 oooooo;;oa 3 ° o ° ) o 0 o )
12 00 0 1 0 0 10 18 0 0000 1 04
.15 00 0 1t 0 1 01 21 0 0 0 0|0 1 O 1 05 ; z g ; ? ; ? (0) ?
.18 000 1 1 0 00 24 00 00|01 1 0 06
21 0010/l0 001 33 000001 1 1] 07 L) o o o ° o o 1 0
.24 001 0 0 1t 00 36 0 0 00/t 0 0O 08 7 0 0 1 [ 1 [} 0 1
.27 00 1 0 ot 1 1 39 0 0 0 0jt O O 1 09 8 Q [+] 0 1 [ 1 1 0
.30 001 1|0 000 ag 000 1/0 00 0| 10 9 0 o o o o ° 2 1
.33 001t 1]00 1 1 51_l0 0 0 1/0o 0 0 1] 11 0 — — — — — — — —
.36 001 1[0 1 10 54 000 1/0 0 1 0f 12 7 — — — — — — —
.39 001t 1|1 0 01 57 000 1]0 0 1 1} 13
.42 01 00{00 110 2 0 0 0 1/0 1 0 0f 14 12 - - - ot - - = -
.45 01 00| 0 1 01 5 000 t|fo 1 0 1| 15 13 e i - = - - - =
.48 0t 00 Tt 0 00 8 000 tfO1 10O 16 14 - — — - — — - —
51 01 0 1 0 0 01 17 g 00 t/jo 1 11 17 15 — - — — — - — —
57 lovorloa 7] 3 (00012 e0 | 10 jototrlrlololoele
57 o1 0 1 o 1t 1 1t
.60 0110|0000 3 |oo1ocflooo-0]20 17 o j0jo} 10 ! ! ;
63 671 10] 00 11 3 [0 0 1 0/00 0 1] 21 18 0ol 0j0]60 1 9
.66 01100 1 to0 3 |0 01 0(0 o0 t 0| 22 19 ° o 1 1 g o o 1
.69 011 011 00 1 41 00 T 0j]0 O 1 1 23 20 2] 0 2] 1 1 0 0 0
72 0ot1 140010 49 0 0t 0j]O t 0O 24 21 o [s] ) 0 o 1 o 1
.75 0t 1 1|0 1 01 63 001 0/01 0 1|28 22 ° Py 2 1 ° ° 1 °
.78 011 1 1.0 060 56 0210211?2;} 23 0 ) ) 1 1 ) o 1
81 1000 0 0 0 1 1 [+] 1 0 T
.84 t0 00 o 1 00 4 001 0/17 ¢ 00O 28 24 ° J 0 o o 1 1 9
87 1000] 0 1 11 7 00 1 0]l1 00 1| 29 25 9 ° 1 1 o 0 1 1
90 100 1{00 00 16 [0 01 1]0 0 0 o] 30 26 - - - = - - = =
.93 10 0 1 0 0 11 19 001 1100 0 T 31 27 — - = — — — — —
R .86 100 110 1 10 22 0 0 1 /0o 0 10 32 28 — - - - — — - —
(144) .99 1001|1001 25 lo o1 1lo o1 1| 33 25 — — — — — — — —
30 — — — - — — —
31 - - - ~ ~ — ~ —
Use with frequency ranges: - 32 Qo [+] 1 0 0 0 )] 1]
33 0 0 o 0 4] 1 1 1
144.00 — 144.99  162.00 — 162.99 34 — — — - — - — -
147.00 ~ 147.99  165.00 — 165.99 35 < 9 1 o o o L] 1
150.00 — 150.99 168.00 — 168.99 36 0 0 [s] [ 1 0 o L
153.00 — 153.99 171.00 - 17t.99 37 - — — - — - - _
156.00 - 156.99 174.00 — 174.99
169.00 — 159.99  177.00 — 177.99 38 0o o 1 0 00 1 o
39 oo oloe 1 o | .o 1
20 - - [ - -1 ~ [ =
41 0 1 1
. P .. . 42 — — — — — — — —
gramming for the two most significant digits of Npc is 23 O S O A D A
shown versus the code provided by switches #1 and #2 22 . — T [N AP B R
of the channel selector. If the four outputs of switch #2 a5 -1l -1 -1-1-1-1T-1T+=
and the two least significant outputs of switch #1 are re- :';’ e R i W Sl B e S
garded as address bits A0 through A5 for an MCM5003 a8 0o | o | o 1 0 o o] o
PROM, a memory location can be associated with each 49 [ o 1 ) o 1 0 o
switch setting. The required Npe programming for each ::’ T T oottt
switch setting is then set into the appropriate memory loca- 52 _ _ _ _ _ _ — _
tion by the user. In Figure 9, the required programming 53 0 0 T ] o 0 1 [ 1
has been transferred into a truth table to be used while 54 o ol o il [ o 1 ]
programming the PROM. A similar result for the Nme :Z T o e S S M M=
programming is shown in Figure 10. Note that the PROM 57 ) 0 [ 1 0 0 1 1
shown, Nme PROM #1, selects only Nme numbers 00 58 - -1 - T -1 -1=-T1T-T=
through 33. This means that the synthesizer as shown in :z el S N I -
Figure 8 selects only the adjacent channels in a one mega- o1 T = T T 1=
hertz slice of the total band. The frequency ranges that 62 -l -1 -T-1T=-1-1T=-1T=
can be selected using Nyye PROM #1 are summarized in 63 I - - I = 1T=-T1T=71=

Figure 10. For other ranges, Nmc PROM #1 must be re-
placed by one of two additional PROMs required for
generating the remaining Ny numbers. Appropriate truth
tables along with the ranges they can be used with are
shown in Figures 11 and 12.
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N £ G P N .
N . . i .

v MC12’()"|4,'MC‘12‘V5;|4(cohtinued) / “ - o R

FIGURE 11 —~ Npy,c PROM #2 TRUTH TABLE FIGURE 12 ~ Ny PROM #3 TRUTH TABLE
Ao '
BIT ) BIT
WORD 7 6 5 4 3 2 1 0 WORD 7 6 5 4 3 2 1 )]
- [ g 1 1 0 -0 [} Q [J 4] 1 o o [ 1] ] 0 0
1 [] 1 0 o{ o 1 1 1 1 0 1 3 [}) [ 1 1 1
2 0 [ 1 1 [ 1 0 ] 2 1 1] 0 1 [ 1 o 0
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MC12014, MC12514 (continued)

OUTLINE DIMENSIONS

CASE 620-02
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NOTES:

1 LEADS WITHIN 0.13 mm (0.005} RADIUS
OF TRUE POSITION AT SEATING PLANE
AT MAXIMUM MATERIAL CONDITION

2 PKG.INDEX: NOTCH IN LEAD
NOTCH iN CERAMIC OR INK DOT

3 DIM “L” TO CENTER OF LEADS
WHEN FORMED PARALLEL

MILLIMETERS|  INCHES
OIM| MIN [ MAX_| MIN | MAX
A_|19.05 | 19.81 | 0.750 | 0.780
8 | 6.22 | 698 [ 0.245 [ 0275
C | 406} 508 10160 | 0.200
D | 038 | 0.51]0.015 | 0.020
F | 1.40 ] 1.65 | 0.055 | 0.065
G | 254BSC 0.100 BSC
H 51 ] 1.14 | 0.020 E.ots

20 | 0.31 | 0.008 | 0.012
K 18 | 0.30 | 0.125 | 0.160
L 37| 7.87 ] 0.290 | 0.310
M - 150 — 150
N_[ 051 | 1.02 [ 0.020 | 0.040

CASE 64803
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NOTES:

1. LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.
DIMENSION “L” TO
CENTER OF LEADS
WHEN FORMED

~

PARALLEL
MiLLIMETERS INCHES
DIM["MIN [™
A 12070 |2
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Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not
necessarity given. The information has been carefully checked and

is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not
convey t0 the purchaser of the semiconductor devices described any
license under the patent rights of Motorola Inc. or others.
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