~MC12009 MC12509 ._
(M) moToroLA - mc12011 Mc12511 |
_+-MC12013 MC12513

MECL PLL COMPONENTS
TWO-MODULUS PRESCALER

These devices are two-modulus prescalers which will divide by i
5 and 6, 8 and 9, and 10 and 11, respectively. A MECL-to-MTTL TWO-MODULUS
translator is provided to interface directly with the MC12014 PRESCALER
Counter Control Logic. In addition, there is a buffered clock input
and MECL bias voltage saurce.
e 600 MHz (Typ) Toggle Frequency
MC12008 (= 5/6), MC12011 {+ 8/9), MC12013 (= 10 11)
MECL to MTTL Translator on Chip
MECL and MTTL Enable Inputs
+5.0 or —5.2 V Operation*
Buffered Clock Input — Series Input RC Typ, 20 Ohms and 4
pF
®» vgpg Reference Voltage L SUFFIX

- ERAMIC PACKAGE
® 310 Milliwatts (Typ) c CASE 620

*When using a +5.0 V supply. apply +5.0 Vto Pin 1 {(Veeo). Pin
6 (MTTL V), Pin 16 (V). and ground Pin 8 (VEg). When using
- 5.2 V supply, ground Pin 1 (Vcco). Pin 6 (MTTL V). and Pin
16 (Vce) and apply —5.2V to Pin 8 (VEg). If the translator is not
required, Pin 6 may be left open to conserve dc power drain.

P SUFFIX
PLASTIC PACKAGE
CASE 648

MAXIMUM RATINGS

Characteristic Symbol l Rating l Unit PIN ASSIGNMENT
(Ratings above which device life may be impaired)
Power Supply Voltage VEE -8.0 Vdc
tvec =0 veco —1© 16— Vec
Input Voltage Vin 010 VEE vdc Q —2 15— Clock
{(Vec =0 a—; 1at— Vaa
Output Source Current [e) mAdc (=) — 4 13— E1MECL
Continuous < 50 +) —g 12— E2MECL
Surge <100 MTTL Vee —e 11— E3MECL
Storage Temperature Range Tsg |-65t0+175 °c MTTL Output — rob— gamTTL
(Recommended Maximum Ratings above which performance may be degraded) Vege —g of— ESMTTL
Operating Temperature Range Ta T °c
MC12009, MC12011, MC12013 -30 to +85 7
MC12509,MC12511, MC12513 -b5to +
*DC Fan-Out {Gates and Flip-Flops) n 70 —

*AC fan-out is limited by desired system performance

6-49

This Material Copyrighted By Its Respective Manufacturer



FIGURE 1 — LOGIC DIAGRAMS
MC12009
MTTLES 9
o aQif—o a2 o MECL
MTTL E4 10 Q3 to
MTTL
MECL E3 11 Trans
MECL €2 12 —¢ 61—]I—C c as lator
MECL E113
- - Recommended Circuitry
For ac coupled tnputs. 7
—————— “Ane -<1a 3 2 5 a N
1000 pF 1k @z 03 .- MTTL
® Clock Input Out
MC12011
MTTLE5S 9 J
o a1 D Q2 o a3 Q4 MECL
MTTLE4 10 Toggle i 10
Fi R
MECLE3 11 £ - I ' T
e c c c lop Trans
MECLE2 12 [‘ l_ aGa ! ] ator
MECLE1 13 | i
~ ~ Recormmended Circuitry Vge 1 ¥
Far ac coupled inputs. 6
______ PIVERSR S G4 66 7
o 32 54
1000 pF  t k 01 ufF G4 Qa MTTL
® Clack I(nput Out
MC12013
+ 10 for one or all
€1 thru E5 high ]
S 11 for all
E1 thru E5 low ! i
Tie unused gate inputs low. ) i
|
|
MTTLES 9 o a1 5} Qz_i_JD 03— 04.ﬁ MECL
MTTLE4 10 i | Taggie i to
! Fup b MTTL
MECLE3 11 H L Fop P Trans.
MECLEZ 12 |'—c ¢ F‘C l C aaf | ‘ lator
MECLE1 13 } |
— - Recommended Circuitry
For ac coupled inouts. L (L
Pull down resistars required on 7
150 —— - 014 3254
Pins 2, 3 when not connected 1 MTTL
1000 pF Qa4 Qa -
to translator Clock Input : Out
Basic 1C Capability: © 10/11
FIGURE 2 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION
Phase Detector Voltage-Controtled £
fref "I MCa044 }—’_‘{ Low-Pass Filter Osciltator MC1648 out
Modulus Enable Line
Counter Control Logic mg:gg??
MC12014 MC12013
Zero Detect Line
fout
+N, Programmable “A Programmable
Cdunter MC4016 Counter MC4016
Caunter Reset Line
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MC12009 * MC12011 * MC12013
MC12509 « MC12511 *» MC12513

SWITCHING CHARACTERISTICS

| Pin MC12009, MC12011, MC12013 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW
Under ~30°C +25°C +85°C Pulse | Pulse | Pulse | Visgmin] ViLmin | ¥F | VEE
Charactenstic  _ Symbol | Test | Min | Typ | Max | Min | Typ | Max | Min [ Typ [Max | Unit!| Gen.1| Gen.2| Gen.3| 1 t |30v|-30V
P-opagat-on Delay TR P 81 81 ‘ 89 | = 15 - - - 111213| 910 | 8
iSee Fgures 3and 57| t15.p- [ 2 - lrs - - |8 - |82 15 - - - j1m1213{ 910 | 8
P ? 84 81 89 L A - - 8
t5_7- H 65 - 65 71 ES - ‘s
Setup T me oot | 11 50 50 ns 15 . - - 910 | &
iSne Fogures d and 5°| o2 | 2 50 - {50 s 15 . BREEETEE “ 3
Rawase 1rme Len s [ s0 50 | - B o~ 15 - - 1 90 ! =
IS0 Fguiesdand 51| Teo 3 lso| - 50 s 15 : - vzl o s
["Toaale Freguency [ ) T i MM, !
i 1Sew Figure 61 , i ' ' H
MC12008 56 asg| - ago | - 240 n [
‘ MC12011 B9 i 500 550 500 i [
MC12013 10 11 | 500 | 550 500 i L J

ot outs segue Ty verth Pulse Generator 2 o 3 a5 mahicatid conascied 10 nput undes L1 and 1 v0-13g¢ NACATES aDB 10 D T Q1RST Aputistof 1 same tvae - MECL ar A7 7L

~25°c | +85°C |
s | v120 [ va ]
0200 | -D235 [Vdu |
SWITCHING CHARACTERISTICS
o MC12508, MC12511, MC12513 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW
S
Under -55°C +25°C +125%¢ pulse | Pulse | Pulse | Vidmin| Viemin | VF | VEE vee
Charactenstic | Symbol | Test | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit| Gen.1| Gen 2 | Gen.3 r b -3ov|-30v| -20
Propaaat 01 D2 ay 5.2, 2 81 - 81 - - 94 ns 15 - 11,1213 9.'0 1516
1Sew quiendand 8 tig.g- | 2 75 75 87 15 114212 9.0 1616
! 1547 ’ 84 ER 94 a 3 1616
157 - 7 [ 65 - 6.5 76 A a 1818
Setup Tome Terapt | 11| 50 50 50 N - ERE] B 1616
1See Foaures d and 811 terup2 9 50 50 50 - 5 111213 [ 1616
Qurase Time [P n 501 i 50 50 | - . « . 910 8 1516
1Sen Figures d and 51|t o 9 50| | 50 50 | IRREREY 5 1616
Toage Frrquency fmax 2 1 MM H i |
1See Faquee 61 ‘ i | !
MC12509 °5°6 jao | - 480 | - azo | - | R 1 [ &
MC12511 .89 500 550 500 ; n \ |8 %
MC12513 10711 I 500 | - 550 | - 500 | - - " ! | s i
S Tastinpats seaueatially vt Pose Generatos 2 o 3 as indwatnd connec ted 19 input uader Test and the voltage ndiated appled 1o The pthar cputigtof *ne sgmetyps - o VECL or WMTT L

‘ -55°C | +259% | +125°
tViMmin | 102 | -115 [ 127 |V
TVilemn | ‘0165 ] -0215 | ~0260 |Vdc

FIGURE 3 — AC VOLTAGE WAVEFORMS

Puise 8 " ViHmin
Generator

1 ViLmin
QI1Pin 2)
-
B (Pin 31 50%
+in
MTTL
Out

-15V
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MC12009 » MC12011 » MC12013
MC12509 « MC12511 * MC12513

FIGURE 4 — SETUP AND RELEASE TIME WAVEFORMS

Pulse 20%
Generator 50%
1

Divide by 8 — MC12011/511
Divide by 10 — MC12013/513

ViHmin

20% - Vitmin

tsetupt = ~
C JBow ViKmin
%
Generator 20% ViLmin

2 tsetup2 = =
Putse 90% ov
Generator 10% — — v
33
3 APPYAN
Q (Pin 2} Divide by 5 — MC12009/509

Pulse
Generator 50¢.
R 1 = <Treit
uise - - ~\ ViR
Generator 50% 280‘1% \_/j_ v o
2 Trel2 = = N ILmin
Pulse W\\—/—t ov
Gene}vator ~ s vee
15V
Q (Pin 2)

Divide by 6 - MC120Q9 509
Divide by 9 — MC12011 511
Divideby 11 — MC12013 513

FIGURE 5 — AC TEST CIRCUIT

v; Vout [Scope Channel B
" Ve = w20V ¢ Vour Scon
50 O Vour
Pulse
Generator j
100 |
Vin ~
| *Use a 50 ohm res.stor
L shen testing the
= I MC12509. MC12511,
| ang MC12513
Pulse 50 ! I
Generator
I 5 Vaut
8
| Vee = +20 v
Ves I ?
Pulse MECL | 1950 2 400
Generator 0 I
=3 MTTL
—l—o <
14—
* MMD6150
or equiv.
s=cy MMD7000
Vin or equiv
{Scope Channel A) q )
MC10109 or equiv.

All Pulse Generators are EH 137 or equiv
Pulse Generators 1 and 2 L
PRF = 10 MHz - VEe - -3.0 Vv

All resistors are - 1%
PW .= 50% Duty Cycle

All input and output cables to the scope are equal lengths of 50 ohm coaxia' cable
tH-t-=20%02ns

The 1950-ohm resistor at Pin 7 and the scope termination impedance constitute a 40:1
Pulse Generator 3 attenuator probe.
PRF = 2.0 MHz C1 ~ 15 pF = total parasitic capacitance which includes prone. 4iring, ana 10ad capaciance
PW = 50% Duty Cycle Unused output connected to a 50 ohm resistor 1o ground (MC12009, MC12011, MC120131,
tT1-=50+05ns 100-0hm resistor 1o ground IMC12509, MC12511, MC12513)
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MC12009 » MC12011 » MC12013
MC12509 * MC12511 » MC12513

FIGURE 6 — MAXIMUM FREQUENCY TEST CIRCUIT

Vin
(To Scope) VEE
*Use a 50-ohm resistor when testing
the MC12509, MC12511, MC12513
E5 3
a —4—0
Sine Wave 0.1 uF 15
Input c |
1k |
14 | |
Vee |
:1-:0.1 MFL B
8
0.1 uFr

= Vgg=-30V
Unused output connected to a 50-ohm resistor to ground
(MC12009, MC12011, MC12013), 108 ohm resistor to
ground (MC12509, MC12511, MC12513)

DIVIDE BY &

Q (Pin 2}

DIVIDE BY 8

800 mVv
i
Clock
input

B50 mV typ

R}

~— —— 4 Cycles

Q (Pin 2] F‘iBCyc\es —_—

DIVIDE BY 11

800 mV
— 7
Clock
Input
850 mV typ
T
Q (Pin2) 6 Cycles 5 Cycles —
Al
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MC12009 » MC12011 * MC12013
MC12509 *« MC12511 » MC12513
FIGURE 7 - STATE DIAGRAM
DIVIDE BY 5/8 (MC12009/MC12509)
1 1 1
o 1 1 //
Enable = Q o ° ! -,
[ [ [ Enable = 1
1 0 0
1 1 o
— — —Enable 1
DIVIDE BY 8 9 (MC12011/MC12811)
[}
|
Qi1 Q2 Q3 Q4
o 1 1 1 1 0000
a 1 1 1
[] [¢] 1 1
1 0 [¢] 1
o 1 1 o 1
Enable - 1
Q 1 1 o
a 0 1 0
1 0 [¢] 4]
= == — Enable 1 /
/
DIVIDE 8Y 10 11 ({MC12013°MC12513
a Q2 Q3 Qa
1 1 1 1
[¢] 1 1 1
[+ o] 1 1
0 a 0 1
1 Q 0 1
Enable -
nable - 0 1 1 [} 1 Enaple = 1
0 1 1 o]
0 ] 1 0
3 ‘o 3 0
1 [} 0 0
1 1 0 o
NOTES
— —— Enable 1
The State of the Enabfe 1s important only for the pasitive
Clock Transitan when the counter is in state 1100
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MC12009 » MC12011* MC12013
MC12509 » MC12511 « MC12513

APPLICATIONS INFORMATION

The primary application of these devices 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 ad-
vantages of variable modulus prescaling, along with
typical applications, are covered in Motorola’s “Elec-
tronic Tuning Address Systems” {SG72).

Proper VHF termination techniques should be fol-
lowed when the clock is separated from the prescaler
by any appreciable distance.

In their basic form, these devices will divide by 5/6,
8/9, or 10/11. Division by 5, 8, or 10 occurs when any
ane or all of the five gate inputs E1 through E5 are high.
Division by 6, 9, or 11 occurs when all inputs E1 through
E5 are low. {Unconnected MTTL inputs are normally
high, unconnected MECL inputs are normaily fow}. With
the addition of extra parts, many different division con-
figurations may be obtained (20/21, 40/41, 50/51, 100/
101, etc.) A few of the many configurations are shown
below, only for the MC12013/MC12513.

FIGURE 8 — DIVIDE BY 10/11 (MC12013/MC12513)

—

Q4
E2

€3

E4

ES —~

L

MECL

MTTL
Trans
lator

~
o

-1

°
Q
~N
o
»

Enabte -

Enable =1

|

(=
~|-|o|ole|=|~-|ojOtlO]=
slolo|ol=|=lojojO|=|=~
olc|lol=|~=|ejolo]|=}|=]=

ololelojo|=|=]=|=]{~]|-
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MC12009 *» MC12011 * MC12013
MC12509 « MC12511 » MC12513

FIGURE 9 — DIVIDE BY 20/21 (MC12013/MC12513)

COUNT [ 1 Q2 Q3 Q4 Q4
31 1 1 1 1 1 it
- 30 o] 1 1 1 1
= —[ 28 3] 0 1 1 1
13| | 24 0 o ) 1 1
I E1 2 25 1 0 o 1 1
O—l—‘ E2 a4 27 1 1 o 1 1
1 | 22 0 1 1 o 1
O—I E3 | 20 0 ] 1 a 1
10
Ea l 16 o (] [+] a 1
9 * 17 t o o s] 1
3 -
O—t—Es Ga o E2+E3+E4+E5=0 19 1 1 [ o 1 E2-E3+ Ed~ES5=1
15 I 14 [+] 1 1 1 o
()—l——J c
f 12 [*] 4] 1 1 0
5 I 8 4] [«] [¢] 1 o
o—+{ MECL | ) 1 ) ) 1 [}
o
| MTTL | , 11 1 1 o 1 0
a
- Trans 6 a 1 1 Q 0
fator a [ o 1 o 0
|— —_—— —J 4] Q o 0 0 o
1 1 0 ] Q 0
Qs 3 1 1 o] o 1]
D Q
To obtain an MTTL output, connect Pins 5 and 4 to Pins 2 and 3 respectively
= Termination resistors for the MECL outputs are not shawn, but are required
c Q O except for the flip-flop driving the translator section
MC1034 The - 2021 counter may also be built using an MTTL flip-flop by connecting
Pins 6 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 + €2 - E3 = 0,
operation remains as shown.

FIGURE 10 — DIVIDE BY 40/41 (MC12013/MC12513)

———— = For ~40: E4 + E5= 1
l | For -41: E4A+ES =0
-—O—[— D Q
c a++—o
i |
\
[>] Q -—!—O——<
o——c¢ a
MC10131 Termination resistors for MEGL
outputs are not shown, but are
required except for the flip-flop
driving the translator section,
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