TWO-MODULUS PRESCALER

MECL Phase-Locked Loop Components

MC12012

The MC12012 is a two-modulus prescaler which con-
sists of three functional blocks: 1) a controliable divide
by 5/divide by 6 prescaler; 2} a divide by 2 prescaler; and
3) a MECL to MTTL translator. When used with the
MC 12014 Counter Control Logic function and the MC4016
programmable counter, a divide by N programmable coun-
ter can be constructed for operation to 200 MHz. This
arrangement is especially useful in frequency synthesizer
applications.

+2,+5/+6, +10/+11,+10/+12
MECL to MTTL Translator on Chip
+5.0 or -5.2 V Operation™

200 MHz {typ) Toggle Frequency

*When using +5.0 V supply, apply +5.0 V to pin 16 {V¢c) and
ground pin 8 (VEE). When using -5.2 V supply, ground pin 16
{Vee) and apply -5.2 V to pin 8 [Vgg).

L SUFFIX
! CERAMIC PACKAGE
16 CASE 620
1
PIN ASSIGNMENT
Input Toggle T —— o F— 16 Ve
Q3 2 —f —— 15 Q4
Qs 3 — }— 14 Q4
(—) 4 — — 13 2 MECL
(+) 5 —— E 12 CLOCK
MTTL Voo 6 — 11 E1MECL
MTTL Output 7 —— 10 E4MTTL
Vgg 8 — !: 9 E3IMTTL

FIGURE 1 -- LOGIC DIAGRAM

To obtain an MTTL output connect 5and 4 to
2 and 3 or 14 and 15 respectively. The MECL
outputs (2, 3, 14, 15) require terminating re-

sistors. When used, the translator (4 and 5} will

provide the proper termination for connection
I tol T.
MT E4 1 _
T ° DL D Q1= D Q2D Q3
MTTL E3 9 Toggle
Flip
8
MECL E2 13 | Flop
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FIGURE 2 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION
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MAXIMUM RATINGS

[ Characteristic | symbol | Rating Unit
Ratings above which device life may be impaired:
Power Supply Voltage (Vce = 0 VEE -8.0 vdc
Input Voltage (Vg = 0 Vin 0to V|| min Vdc
Output Source Current lo 20 mAdc
Storage Temperature Range Tstg -55t0 +125 oc
Recommended maximum ratings above which performance may be degraded:
IODeraling Temperature Range ] TaA 0to +75 ] o¢ I TEST VOLTAGE/CURRENT VALUES
[DC Fan-Out* (Gates and Flip-Flops] | n i 70 1 - Volts mA
*AC fan-out is limited by desired system performance. @ Test
Temperature | Vitimax | ViLmin | ViHAmin | ViLAmax | ViL | VIHH | ViuT | VT | Vee | IL | loL | toH
0°c -0.840 | -1.870 -1.145 -1.490 4.7 | +03 -32 4.4 52 1-25| 16 | -16
ELECTRICAL CHARACTERISTICS 25°C -0.810 | -1.850 -1.106 -1.475 -4.7 | +03 -3.2 -4.4 52 -25| 16 | -16
Supply Voltage -5.2 V 75°C -0.720 | -1.880 -1.045 -1.450 -4.7 1 +03 -32 4.4 52 |-25] 16 | -16
Pin MC12012 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Under 0% +25°C +75°C Vg
Characteristic Symbal Test Min Max Min Typ Max Min Max Unit VitAmax | ViL | Viuu | Viar Vur I Vgeg !l Iy g 1 loy! Gnd
Power Supply Drain Current I 8 - - - 100 — — - mAdc - - — — — - - - 8 - - 6,16
Input Current HNH1 12 - — — 100 200 - - uAdc 12 — — ~ — — — — 8 - — = 16
1 - - - a0 | 100 — - 1 - - - - — - - 8 [ - -] -1 1.
1INHZ " - - - 40 100 - - pAdc 1 - - - - - - - 8 - - - 16
13 - - - 40 | 100 - - 13 - - - - - - - g | - | -1 -1 18
1INH3 9 - - - - 40 - - uAdc — - - - — 9 — — g8 | - - -1 1
10 - - - - 40 - - - - — - - 10 - - 8 | — | - | -|
{INH4 4 - - 35 - 5.5 - - mAdc 5 4 - - - - - 8 - - - [
S — — 35 — 5.5 — — mAdc 5 4 — - - — — — 8 - - - 6
Leakage Current hNL1 1 - - - - 2.0 - - pAde - - - - - - - - 181 - - - 16
1 - - - - l - - l - - - - - - - - 811 — - - l
12 - - - - - - - -~ - - - - - - 8121 — - -
13 - - - - v - - A - - - - - - - ~ |sw] - | -] -| ¥
IINL? 9 - - 1.1 - 22 - - mAdc - - - - 9 — — ~ s [ -] = =-1T1e
10 — - 1.1 — 2.2 - - mAdc - - - — 10 — — -~ 8 - - - 16
hNL3 4 - - 38 - 6.5 - - mAdc 4 5 — — - ~ — - s [ - -1-11
5 - — 20 - 4.0 - — mAdc 4 5 — - - - - 8 .| - - - | 1
Logic 1" VOH1 2 -1.000 | 0840 | -0960 | — |-0.810 | -0.900 | -0.720 Vde - 11,13 - - 9,101 — - - 8 2 - - 16
Qutput Voitage 3 - - 11,13 - - 9,10 - - — 3 - -
18 - I B _ N i e wl| 2]
15 - - - - - - - - - 5| - | -
VOoH?2 7 -2.800 - -2.800 - - -2.800 - Vde S 4 - - - - - - 8 - - 7 6
Logic “0” VoLi 2 -1.870 | -1.635 | -1.850 - -1.620 | -1.830 | -1.595 Vde - 1,13 - - 9.10 - - - 8 2 - - 16
Output Voltage @) 3 - - 11,13 - - 9,10 - - - 3 - -
14 ‘ — ‘ ‘ ‘ - - - - — — — — 14 - -
15 - - - - - - - - 15 - | -
Voi2 7 — [ -a700| - - 14700 4700 | Vde 4 5 - -1 - - s [ -1 7] -]s
Logic 1" Vona | 2 @ | -1.020] - -0980] — - -0.920 - Vdc = = 1113 = - - 10 - 8 7 - =] 18 |
Threshold Voltage 3 - - - - - 11,13 - - - 10 - 3 - -
1@ B - ‘ - - - B - - - - mw| - | -
15 @ - - - - - - - ~ - - - - B -1 -
Logic 0" VOoLA 2 - -1.615 - - -1.600 - -1575 Vde — - - 1113 - - - 9,10 8 2 - - 16
Threshold Voltage 3 - - - - - - - 11,13 - - - 9,10 3 - -
14 @ - - - - - - - - - - - - 14 - -
15 @ - - - - - - - - B E E - s - | -
Short Circuit Current los 7 -20 -65 -20 - -65 -20 -65 mAdc 5 4 - - ~ - -~ - 8 - - - 6
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TEST VOLTAGE/CURRENT VALUES

Volts mA
@ Test
Temperature | ViHmax | Vitmin | ViHamin | Vitamax | ViL | Vinn | Vit | Viet |Vee | i loL | loH
0°C +4.160 | +3.130 | +3.855 +3510 | +05| +55 | +2.0 +08 | +50[-25| 16 1-16
ELECTRICAL CHARACTERISTICS 269c | +4.190 | +3.150 | +3895 73525 | 105 55 | +20 | 08 | +5.0|25] 16 |16
Supply Voltage +5.0V 75°C | +4.280 | +3170 | +3.955 +3550 | +05| +55 | +20 | +08 | +5.0|-25] 16 |-16
Pin MC12012 TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Under 0% +25°C +75°C {Veg)
Characteristic Symbot | Test Min Max Min [ Typ | Max Min Max Unit | Viimax | Vitmin | ViHAmin | ViLamax [ ViL | Viie | ViHT | ViLT | Vec | 'L | loL [ loH | Gnd
Power Supply Drain Current e 8 — — - a5 - - - mAdc - — — - - - - 6,16 - - - 8
Input Current INH1 12 - - -~ 100 200 - - sAdc 12 - - - - - - 16 - - - 8
1 - = - 40 | 100 - - 1 - - - - - - - % | - | -] -] 8
HINH2 1 - - - a0 | 100 - - uAde 1" - - - - - - - w | -] -] -1 8
13 - - - 40 | 100 - - 13 - - - - - — w [ - | - | -1 8
UNAH3 9 - - - - 40 - -~ pAdc - - - - - 9 - - 16 - - - 8
10 - - - - 40 — - - - - - — 10 - - 6| -] - | - 8
{INH4 4 - - 35 - 6.5 - - mAdc 5 4 - - - - - 6 - - - 8
5 - - 35 - 55 - - mAdc 5 4 - - - - - - e | - | - | - 8
Leakage Current IINLY 1 - - - - 2.0 - - pAdc - - - - - - - 16 - - - 1.8
1 - - - - - - - - - - - - B - -1 - -]8m
12 - - - - - - - - - - - - - - -1 - |82
13 - - - - — — - - - - - - - -1 - 1813
HINL2 9 - - 1.1 - 2.2 - - mAdc - - - - 9 - - 6] -| - -8
10 - - 1.1 - 22 - mAdc - — - 10 ~ - - w |- -]-18
L3 4 - - 38 - 65 - - mAdc 4 5 - - - - - - e | - | -1 -1=8
5 - - 2.0 - 4.0 - - mAdc 4 5 - - - - - 6 | - | - -1 8
Logic "1 VOH1 2 4000 | 4160 | 4040 [ — | 4190 | 4100 | 4280 | vdc - 11,13 - - 9,10 ~ - % | 2 - [ =18
Output Voltage 3 - - 11,13 - - 9,10 - - 3 - -
14 - ‘ - - - - - - - 1w | - | -
15 - — - - - — — - 15 - | -
VoH2 7 2.400 - 2400 | - - 2.400 ~ vde 5 4 - - - - 6 | -] - 7 8
Logic "0 VoLt 2 3.190 | 3430 { 3.210 - 3.440 | 3230 | 3470 Vde - 1,13 - - 9,10 - - 16 2 - - 8
Output Voltage ® 3 -~ | | l - 11,13 - - 9,10 - - ] 3 - - l
14 ‘ - ‘ - - - - - - - 1wl - | -
15 - y \J v - - _ - - - - - Yl - -1
Voi2 7 0.500 - -~ | 0500 - 0.500 | vdc 4 5 - B — Z Z 6 7] -1 8
Logic 1" Voua | 2 3.980 ~ 402 [ - — 4.080 - vde — = 1113 - - = 9,10 ~ 6 | 2 ~ 1 -1 8
Threshold Voltage 3 G — — — - - - 11,13 - - 9,10 - 3 - —
14 @ - - - ‘ - - - - - - - - - 14 - —
15 - - - - - - - - - - - - B - -
Logic “0” voLa | 2 g - 3450 - — | 3460 - 3.490 | Vdc - - - 1113 - - 910 | 16 | 2 1T =1 8
Threshold Voltage 3 - - - - - - - 11,13 - - - 9.10 3 -] -
14 @ - - -~ — - - - - - — - 1| - -
15 @ - - — - - - - - - - - - 15 - -
Short Circuit Current los 7 -20 -65 -20 - -65 -20 -65 mAdc 5 4 - - - - - - 6 - —~ — 8
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pi MC12012 TEST VOLTAGES/WAVEFORMS APPLIED TO PINS LISTED BELOW:
in
Under o°c +25°C Puise Pulse Puisa | ViHmin | ViLmin [ VF Vee
Characteristic Symbol Test Min | Max | Min | Typ | Max Unit Gen. 1 Gen. 2 Gen.3 | +1.100 | +0.130 | -3.0V +2.0
Propagation Delay ty242+ | 122 - -~ | 20] 30| 40 ns 12 - - - 11,13 | 9,10 8 6,16
{See Figures 3 and 4) 1243+ 12,3 - — 3.0 - — - 11,13 9,10
t12+ 12,2 - - 28 - - - 11,13 9,10
11243- 12,3 - - 28 - - - 1,13 9,10
t1+14+ 1,14 - - 3.0 1 - - - - -
t14+15+ 1,15 - - 3.0 - - - - -
t1+14- 1,14 - - 28 ‘ - - - - -
t4+15- 1,15 — - 28 - — — - -
15+7+ 5,7 — - 8.0 | 120 A - - - - -
t5-7- 5,7 - - 5.0 | 100 A - - - -
Output Rise Time o+ 2 - - - 120]| - ns 12 - - - 11,13 9,10 8 6,16
(See Figure 4) 3+ 3 - - - }20]| - 12 - - - 11,13 9,10
14+ 14 - - - |20} - ‘ 1 - - - -
t15+ 15 -~ - - 20 — 1 - - - - -
Cutput Fall Time t7- 2 — — - 2.0 - ns 12 - - - 11,13 9,10 ] 6,16
(See Figure 4) t3- 3 - - - {20 - 1 - - - 11,13 ,
t14- 14 - - - 20| - 1 - - - - - ‘
t15- 15 - - - | 20 - - - - -
Setup Time teetupt | 11.13 - l40] - | 24| 30 ns 12 11/13 - - 13/11 9,10 8 6,16
{See Figure 5} tsetup? | 5,10 - 170 — 01 7.0 ns 12 - 9/10 - 11,13 10/2 8 6,16
Release Time trelt 11,13 - | 25| — 12 20 ns 12 11/13 - - 13/11 9,10 8 6,16
(See Figure 5} trel2 9,10 — 1 40| — | 25| 35 ns 12 — 9/10 - 11,13 10/9 8 6,16
Toggle Frequency fmax MHz
Figure 6 {(+5) 2 — — |175{200]| — - - - 1 13 9,10 8 16
(+6) | 2 -1 -1 1| - - - - - 1,13 | 9,10 | |
(+2) 14 - - — - — — - — -
Figure 7 (+~ 10 or 11} * 14 - - * * - * - - - - - - ' *

(@ Al MECL outputs (2,3,14,15} are terminated to VEg through
an external 510 § resistor during the DC tests.

@ Test outputs of the device must be tested by sequencing through
the truth table. All input, power supply and ground voltages
must be maintained between tests. The clock input is

_.l._lv_”imax
ViLmin

@ In addition to meeting the output levels specified, the device
must divide by 5 during this test. The clock input is

_J'—lil:imax

ViLmin

@ In addition to meeting the output levels specified the device
must divide by 2 with a clock input of

—r-li-mmin
ViLAmax

@ In addition to meeting the output levels specified, the device
must divide by 6 during this test. The clock input is

__I—li-lmax
ViLmin

{(panunuod) Z1 0Z1JN




MC12012 (continued)

FIGURE 3 — AC TEST CIRCUIT

Pulse Generator #1 350

< 100
3
PRF =2.0MHz =
PW = 50% Duty
Cycle

Input Pulse
tH=t-=2.0x 02ns
Pulse
Generatar & +—o
#2
(EH 137) 50

<
Pulse Generator #3 .1

(EH 137) @Q—

Input Pulse
tH=t-=50+ 05ns

NOTES:

50 {2 coaxial cable.

All resistors are + 1%.

(EH 137)%9—,.-——0

Vout

(10)
(2)
(@) l D Q1 Q2 ——D QB'—ro 50
(13) |(3)
astto
(11) |
a2 [(10y Voo - +2.0 v
Q4 0
(1 Toggle ] 3950T
c—r C Flip- ‘ 400
Flop (18)
[ 3a +o ¢
50
(50)! + | mEcL ! !kMMD‘”so
to | or equiv
! MTTL | RCT ¥
(4) Trans. MM D7000
lator MTTL OUT j”) j’ or equiv
‘[ iVEE (8} =-3.20r-3.0V é

All input and output cables to the scope are equal lengths of

All unused cables must be terminated with 50 ochms.

Cy = 15 pF = total parasitic capacitance which includes probe,

wiring, and load capacitance.

VEg =-3.20r-3.0V

The 950-ohm resistor and the scope termination impedance

constitute a 20:a attenuator probe.

The 50-ohm resistor and the scope termin,
stitute a 2: 1 attenuator probe.

ation impadance con-

FIGURE 4 — AC VOLTAGE WAVEFORMS

Pulse

Generator

1

a3
(2)
Qa3
(3)

Q4
(14)

Qa
(15)

{8)

MTTL
Out
(7)
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MC12012 (continued)

FIGURE 5 — SETUP AND RELEASE TIME WAVEFORMS

Pulse 80% +1.10 V,
Generator #50% /_\—/_
1 . = —420% +0.30 V
setup - —
Pulse 80% +1.10 V,
Generator 50%
2 20% +0.30 V
tsetup2 —|
Generator
v
3 EE 410% VEE
Qa3 _—/ \
@ - Divide by 6
+1.1V,
Generator 80% /_\_/
1 — — 20% +0.30 V
+
Generator
2 i 20% +0.30 V
g trei2 .
Pulse / 90%*' 0.0V,
Generator WEE
10% Vee

3

Q3 J \
@ J— Divide by 5

Pulse

FIGURE 6 — MAXIMUN FREQUENCY TEST CIRCUIT

Pulse
Generator
(EH 122)
or equiv

NOTE:

Ve =+2.0V

Vout Vout
)
| 50 ]
.50
(2)

' (15)
! 1
50 | |
- (E‘::) : + [meeL | 100
to
100 ! MTTL ! =
| Trans (7)
c! loene [ MTTL OUT J{,
_ @ e J

- —_——
'L_ iVEE=-3.:Z or -3.0V

0.1 R

Output Waveforms are same as shown in Figures 4 and 5.

6-28




MC12012 (continued)

FIGURE 7 — MAXIMUM FREQUENCY TEST CIRCUIT

Puise
Generator
(EH 122}

1.1 - 4 L
. l—‘ I L S 510 L sbdy
+0.3 Vgg=-3.20r-3.0V

\

i l
Signat ) 4 2 3 4 5 6 7 8 9| o]

NOTE: For divide by 11 connect 11 to Vj; =+0.130and S and 10to Vg = -3.0V
For divide by 10 connect 11 to V |y =+1.1600or8 or 10tc VR = 0.0 V

Vee = +20V Vout
Q
50
_____________ -
|
|
+MECL I
o ||
MTTL
Trans I7
_ lator Ho
I

s | —

FIGURE 8 — STATE DIAGRAMS

oot oNo
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MC12012 (continued)

FIGURE 9 — +5/6

MTTL £4 10 — 1
o D Q22— Q3
MTTL E3 9
MECL E2 13
MECL E1 11
12 321 1415 5 4
¢ Q3Q3ca Q4ad4a+ - MTTL
ouT
Divide by 2 count| 01 [ a2 | a3
use Toggle
Flip-Flop 6 Q 1 1
7 1 1 1
5 1 0 1
E1+ E2+E3+E4=1 1 1 ) ) E1+ E2+E3+E4=0
o] 0 0 0
1 2 0 1 5]

To obtain a MTTL outputconnect 5 and 4 to
2 and 3 or 14 and 15 respectively.

FIGURE 10 — +10/11

MTTL E4 10

MTTLE3 © 0 ail+45 a2} 4o o3

Togle

Flip

MECL E2 13 Flo

MECL E1 11 ’—— f J7
3/2 1
cLz B 14 j15)5] |a
Q3 a3 ca Qafas + -
MTTL
counT| Q1 | @2 |a3 | os Out
14 o] k] 1 1
15 1 1 1 1
13 1 2] 1 1
9 1 [s] [v] 1
8 0 o 0 1
E1+E3+EA=1 10 0 1 0 [ E1+E3+E4=0

7 i [ 0
5 1 ] 1 ]
1 1 [} o o
0 1] 0 [+ [
2 0 1 0 4]

To obtain a MTTL output connect 5 and 4 to
14 and 15 respectively.
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MC12012 (continued)

FIGURE 11— - - 10/12

MTTL E4 10
MECL

D D Q2 Q3
Toggle to
MTTL E3 9 F?igp MTTL
MECL E2 13 Flop Trans
-lator
MECL E1 11
! L)

12 35 1415 5 4 7
c asa3ca Q4Qa+ - MTTL
ouT

g

2
Q
I
2
w
?

To obtain a MTTL output connect 5 and 4 to COUNT
14 and 15 respectively. 14

Et+E2+ E3+EA=O

10
E1+E2+ E3+E4=1

o|lof=|=|=lo|o|o]|=1=|={°

a|lolojo|«j|«|o|ojof =]~
olelel-ia]=]|o|o|ofal 4|
clololotofol »l sl sl atals

FIGURE 12 - - 20/21

% MC3060

MTTL E4 10 ]

MECL E213

MECLE111

o—e—

R
[e]
[N
o]
@
8
[}
&

To obtain a divide by 20/22 omit Q5 to 10. COUNT
To obtain a divide by 20/24 omit 14 to 13. 30

E1+E3=0

E1+E3=1 18

olol=]| =|=|olo| 2| al-ic]|o|=l=|=|o]o]=]|=]|-1c
ol of o] o} o] o| o] gf ©] of «| =| [ =| =| =| =*| =} =| ~|

-l ojo| o|=| = o] o]jo|=}=|o|olc|=|=|c|c|o|=|=
o| ofjo| =] =] ©| o] of =| =|o| 0| |=|=|C|C| ] =i=|"
o| of o] ol ©f «| =| =l «| | o] o] of 0| of 2| =| =f ={ -]~
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MC12012 (continued)

FUNCTION DESCRIPTION

INTRODUCTION

The MC12012 isone part of a variable modulus (divisor)
prescaling subsystem used in certain Digital Phase-Locked
Loops (PLL}.

More often than not, the feedback loop of any PLL
contains a counter-divider. Many methods are available
for building a divider, but not all are simple, economical,
or convenient in a particular application.

The technique and system described here offer a new
approach to the construction of a phase-locked loop divi-
der. In addition to using the MC12012 variable modulus
prescaler, this system requires an MC12014 Counter Con-
trol Logic function, together with suitable programmable
counters (e.g. MC4016s). Data sheets for these additional
devices should be consulted for their particular functional
descriptions.

THE MC12012 TWO MODULUS PRESCALER

Three functional blocks are contained in the MC12012
variable modulus prescaler: 1) a controllable +5/+6 pre-
scaler; 2) a+ 2 prescaler; and 3) an ECL to TTL translator
(for single power supply operation).

Selection of division by 5 or by 6 is made by inputs
to E1 through E4. If all E inputs are low before the tran-
sition of the clock pulse driving Q3 high, Q3 will stay
high for 3 clock pulses, then will go low for 3 clock pulses.
This provides a divide by 6 function.

On the other hand, if any one or all of the E inputs
are high prior to the positive transition of the clock pulse
driving Q3 high, Q3 will stay high for only 2 clock pulses,
then will go low for 3 clock pulses. The result is division
by 5.

For the +5 operation, at least one of the E inputs must
go high sometime before the clock pulse. This time is
referred to as the “setup time.”” Specifications for setup
time are given in the electrical characteristics table: tsetup1
and tgetyp2 for E1 and E2 (MECL inputs), and E3 and
E4 (MTTL inputs).

For the divide by 6 operation all E inputs must be low
for some time prior to the clock pulse. This time is re-
ferred to as the “release time.”” Data for release time is
given in the electrical characteristics table; trgq1 and tre?
for £1, E2, £3, E4.

The data given in the tables for setup and release times

are referenced to the positive transition of the clock pulse
causing Q3 to go high. If it is necessary to reference the
setup and release times to the positive transition of Q3,
add t++ (specified for Q3) to the setup/release times given.
It should be noted that the logic states for the enable
inputs are important only for only one clock pulse which
causes Q3 to go high (within the limits specified by setup
and release times).

The + 5/+ 6 prescaler may be connected externally to
the + 2 prescaler to form a+ 10/+ 11 prescaler {Figure 10)
ora+ 10/+ 12 prescaler (Figure 11).

By way of an example showing how a + 10/+ 11 pre-
scaler operates, note that if E1, E3, and E4 (Figure 10)
are held in a low state, the counter divides by 11. To do
this, a feedback connection is established from Q4 to E2
{or to E1}. With this feedback, the + 5/ 6 prescaler di-
vides by 5 when Q4 is high, and by 6 when Q4 is low.

Since Q4 changes state with each positive transition of
Q3, the prescaler alternates between +5 and + 6 resulting
ina+ 11 at Q4.

If any one or all of the E inputs are high (Figure 10},
the 5/6 prescaler always divides by 5 and a divide by 10
results at Q4.

With the addition of external flip-flops and counters
(MECL or MTTL) various other modulus prescalers may
be produced (20/21, 20/22, 20/24, 40/41, 50/51, 100/
101, etc.).

THE TECHNIQUE OF DIRECT PROGRAMMING BY
UTILIZING A TWO MODULUS PRESCALER (MC12012)

The disadvantage of using a fixed modulus (=~ P) for
frequency division in high frequency phase-locked loops
(PLL) is that it requires dividing the desired reference
frequency by P also {desired reference frequency equals
channel spacing.)

The MC12012 is specially designed for use with a tech-
nique called “'variable modulus prescaling”’. This technique
allows a simple MECL two-modulus prescaler (MC12012)
to be controlled by a relatively slow MTTL programmable
counter. The use of this technique permits direct high-
frequency prescaling without any sacrifice in resolution
since it is no longer necessary to divide the reference fre-
quency by the modulus of the high frequency prescaler.
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MC12012 (continued)

The theory of “variable modulus prescaling’” may be
explained by considering the system shown in Figure 13.
For the loop shown:

fout=Ne@P®fqf (1

FIGURE 13 — FREQUENCY SYNTHESIS BY PRESCALING

fout= N eP @ f o

Reference oh /
Fraquency —»={ 2% F {8 VCO
Dat.
(fraf) .

where P is fixed and N is variable, For achange of 1in N,
the output frequency changes by P ® frof. If frof equals
the desired channel spacing, then only every P channel
may be programmed using this method. A problem re-
mains: how to program intermediate channels.

One solution to this problem is shown in Figure 14.

Programmable
Divider
N

FIGURE 14 - FREQUENCY SYNTHESIS BY PRESCALING

out= N @ fref

f,
Reference
vt -—EE—» EE}* \
Det.
(fraf)

Programmable
Divider
+N

A <+ P is placed in series with the desired channel spacing
(frequency) to give a new reference frequency: channel
spacing/P.

Another solution is found by considering the defining
equation (1) for fout of Figure 13. From the equation
itmay be seen that only every P channel can be programmed
simply, because N is always an integer. To obtain inter-
mediate channels, P must be multiplied by an integer plus
a fraction. This fraction would be of the form: A/P. If
N is defined to be an integer number, Np, plus a fraction,
A/P, N may be expressed as:

N = Np + A/P.

Substituting this expression for N in equation 1 gives:

fout = (Np + A/P) @ P ® fref (2)
or fout = (NP P + A) @ fref {3)
fout=Np @ P ® frof + A @ frof. (4)

Equation 4 shows that all channels can be obtained directly
if N can take on fractional values. Since it is difficult
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to multiply by a fractional number, equation 4 must be
synthesized by some other means.

Taking equation 3 and adding £AP to the coetticient
of fyef, the equation becomes:

fout=(NpeP+A+A®P —A®P) fef {5)
Collecting terms and factoring gives:
fout=[(Np — A) P+ A (P + 1)] fref (6)

From equation 6 it becomes apparent that the frac-
tional part of N can be synthesized by using a two-modu-
lus counter (P and P + 1) and dividing by the upper modu-
lus, A times, and the lower modulus (Np - A} times.

This equation (6) suggests the circuit configuration in
Figure 156. The A counter shown must be the type that

FIGURE 15 — FREQUENCY SYNTHESIS BY TWO
MODULUS PRESCALING

fout = Nfref
o

Reference
Frequency
{fref)

2 Modutus
Prescaler
PP+t

Programmable
Counters
+Np

Programmable
Counters
TA

N=NpeP+A

counts from the programmed state {A) to the enable state,
and remains in this state until divide by Np is completed
in the programmable counter.

In operation, the prescaler divides by P + 1, A times.
For every P + 1 pulse into the prescaler, both the A coun-
ter and Np counter are decremented by 1. The prescaler
divides by P + 1 until the A counter reaches the zero state.
At the end of (P + 1) ® A puises, the state of the Np
counter equals {Np - A)}. The modulus of the prescaler
then changes to P, The variable modulus counter divides
by P until the remaining count, {Np - A) in the Np counter,
is decremented to zero. Finally, when this is completed,
the A and Np counters are reset and the cycle repeats.

To further understand this prescaling technique, consi-
der the case with P = 10. Equation 6 becomes:

fout = (A + 10 Np) ® fref (7)

If Np consists of 2 decades of counters then:

Np=10Npj+ Npg
{Np1 is the most significant digit),

and equation 7 becomes:



MC120

12 (continued)

FIGURE 16 — DIRECT PROGRAMMING UTILIZING
TWO-MODULUS PRESCALER
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FIGURE 17 — WAVEFORMS FOR DIVIDE BY 43
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MC12012 (continued)

fout = (100 Npp + 10 Npg + A) fref.

To do variable modulus prescaling using the MC12012
and programmable divide by N counters (MC4016,
MC4018, one additional part is required: the MC12014
{Counter Control Logic).

In variable modulus prescaling the MC12014 serves a
dual purpose: it detects the terminal (zero) count of the
A counter, to switch the modulus of the MC12012; and
it extends the maximum operating frequency of the pro-
grammable counters to above 25 MHz. (See the MC12014
data sheet for a detailed description of the Counter Con-
trol Logic).

Figure 16 shows the method of interconnecting the
MC12012, MC12014, and MC4016 (or MC4018) for vari-
able modulus prescaling. To understand the operation of
the circuit shown in Figure 16, consider division by 43.
Division by 43 is done by programming Np1 =0, Npg = 4,
and A= 3.

Waveforms for various points in the circuit are shown
in Figure 17 for this division. From the waveforms it
may be seen that the two-modulus prescaler starts in the
divide by 11 mode, and the first input pulse causes point
A to go high. This positive transition decrements the
Np counter to 3, and counter A to 2. ’

After 11 pulses, point @ again goes high; the Np
counter decrements to 2 and the A counter to 1. The
“2" contained in the Np counter enables the inputs
to the frequency extender portion of the MC12014. After
11 more pulses point @) goes high again.

With this position transition at & , the output (fout)
of the MC12014 goes low, the Np counter goes to 1,

and the A counter goes to 0. The zero state of the
A counter is detected by the MC12014, causing point
o go to 1 and changing the modulus of the MC12012 to
10 at the start of the cycle.

When fout goes low, the programmable counters are
reset to the programmed number. After 11 pulses (the
enable went high after the start of the cycle and therefore
doesn't change the modulus until the next cycle), point
(® makes another positive transition. This positive transi-
tion causes foyt to return high, release the preset on the
counter, and generates a pulse to clear the latch (return
point B to 0).

After 10 pulses the cycle begins again (point (B) was
high prior to point @ going high). The number of input
pulses that have occured during this entire operation is:
11+ 11 + 11 + 10 = 43. Figures 18 and 19 show the
waveforms for divide by 42 and divide by 44 respectively.

The variable modulus prescaling technique may be used
in any application as long as the number in the Np counter
is greater than or equal to the number in the A counter.
Failure to observe this rule will result in erroneous results.
(For example, for the system shown in Figure 16 if the
number 45 is programmed, the circuit actually will divide
by 44. This is not a serious restriction since Np is greater
than A in most applications).

It is important to note that the A counter has been
composed of only one counter for discussion only; where
required, the A counter may be made as large as needed
by. cascading several programmable counters. Figure 20
shows the method of interconnecting counters. Opera-
tion is previously described. The number of stages in the
A counter should not exceed the number of stages for the

FIGURE 20 — METHOD OF INTERCONNECTING COUNTERS
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A =100 A2 + 10 A1 + AD

Np = 100 Npp + 10 Npq + Npg
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MC12012 (continued)

FIGURE 21 — DIRECT PROGRAMMING 100-200 MHz SYNTHESIZER IN 50 kHz STEPS
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FIGURE 22~ FM BAND SYNTHESIZER WITH 10.7 MHz I.F. OFFSET
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fout = 98.8-118.6 MHz

in 200 kHz steps.
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MC 12012 {continued)

Np counters, As many counters as desired may be cas-
caded, as long as fan-in and fan-out rules for each part
are observed.

The theory of “'variable modulus prescaling’ developed
above, examined a case in which the upper modulus of
the two-modulus prescaler was 1 greater than the lower
modulus. However, the technique described is by no means
limited to this one special case. There are applications
in which it is desirable to use moduli other than P/(P + 1).

It can be shown that for a generat case in which the
moduli of the two-modulus prescaler are P and P + M,
equation 6 becomes:

fout = [(Np — A) P+ A (P +M)] @ fof
or

fout=[Np@®P+M®A] @ fref.

From equation 8 it may be seen that the upper modulus
of the two-modulus prescaler has no effect on the Np
counter, and that the number programmed in the A coun-
ter is simply multiplied by M.

APPLICATIONS

There is no one procedure which will always yield the
best counter configuration for alt possible MC12012 appli-
cations. Each designer will develop his own special design
for the counter portion of his PLL system.

An insight into some of the various possible counter
schemes may be obtained by considering the various PLL
systems shown in Figures 21, 22, and 23. These examples
were chosen to show some of the moduli that may be
obtained by using the MC12012,

FIGURE 23 — UHF SYNTHESIZER USING 10/12 COUNTER
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