[

(o

i SRR

T

DUAL PRESETTING SYSTEM

MECL Phase-Locked Loop Components

"MC12020 * MC12520

OFFSET CONTROL

MC12021 » MC12521

OFFSET PROGRAMMER
MC12020 ® MC12520

The MC12020/520 is an IF offset control block that provides a digital means
‘of producing automatic |F offset generation for synthesizer tuned transceivers
* when used in conjunction with the MC12021 or MC12521. It is a modified
D-type flip-flop that is capable of two modes of operation. The mode of operation
is controlled by the receive/transmit input. When the R/T input is at a logical
.one level, the part becomes simply a toggle flip-flop and divides by two at both
Q and Q outputs. With the R/T input at a logical zero level, the Q output becomes
a buffer gate that follows the clock input and the Q output produces a constant
one level. An inverter gate is provided which can be used to invert the clock
polarity. This option is to ensure the device can always be clocked on the same
edge that clears the counter presets. This device was designed for low frequency
operation which allows low power operation. Its maximum current drain is
9.6 mA over temperature. )

MC12021 « MC12521

The MC12021/621 is an IF offset programmer that provides a means of
producing automatic |F offset generation for synthesizer tuned transceivers when
used in.conjunction with the MC12020 or the MC12520 control block. The part
is an eight-input, four-output data selector. It is the logic implementation of a
four-pole, two position switch with the switch position controlled by the enable
input. One set of input codes determine the frequency of transmission and is
programmable with either switches or circuitry; the other code determines the
IF offset frequency. The enable input is controlled by the G output of the
MC12020/520. This device was designed for low frequency operation which allows
for low power operation. Maximum current drain is 9.4 mA over temperature.

LOGIC DIAGRAMS

© MC12020 ¢« MC12520

MC12020, MC12520

L SUFFIX
CERAMIC PACKAGE
CASE 632

MC12020

il

MC12021, MC12521

P SUFFIX
PLASTIC PACKAGE
CASE 646

L SUFFIX
CERAMIC PACKAGE
CASE 620

MC12021

16 )
1; ; i ﬂ P SUFFIX

PLASTIC PACKAGE
CASE 648

b3 Q MC12021  MC12521
R/T 1
Clock 10 P111
6 Out 1
- — 50Q- .
B110 .
—
Invert invert P2 13
in 13 Out § Out 2
B2 12
MC12020 @ MC12520 X -
*—
Functional Truth Table
P3 15 -
Input Output 40ut3
R/T|Clock | Q a
0 (4] [s] 1 B3 14
0 - 1 1 1
1 1 1 o P4 1 N
3 Out4
1 0 1 0 )
1. 1 0 1 Ba 2
Vg = Pin 14 = +5.0 Vdc 4
Gnd =Pin 7
0@ Clock, R/T = +0.5 Vdc - D° 7 Enable Out
1@ Clock, R/T = +4.0 Vdc Enable in 9
.
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‘MC12020, MC12520 (continued)
MC12021, MC12521
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MC12020, MC12520 (continued) ‘ . e
MC12021, MC12521 A

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS FOR MC12020, MC12520

To Scope Ve +6.0 Vde To Scope VCC +6.0 Vdc

— ) ]

Coax 0.01 uF
- 310k
1 AR/T @f—11 950 ¢
950 £1.0% cro% 3
L TPout
Puise
10 ——{Clock af——5 O—e—i—4
Genaerator '::A&Gulifo
~C

PRF = 1.0 MHz T T MMD7000
PW =50% Duty Cycle 13 tn out[—3 or Equiv.

ty =t.=2.0ns .

(10% to 90% points) = = =
A ioad is connected to
each output during testing

' Cy =.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-ohm resistor and the scope termination impedance
PROPAGATION DELAY TIMES . constitute a 20:1 attenuator probe. Coax shall be
CT-070-50 or equivalent.

+3.0Vv

Clock Y \

v} 1.8V
tnv. In /-
oV
110+3-—#| e | [+-t10+3+ AC ELECTRICAL CHARACTERISTICS (VG = 50 Vdc, waveform letters refer 10 the woveforms)
——\ ) /—"— VoH
Test Limits (na}
—_ Pi Vol Applind
Qout Vv \1-5 v Und ”"3"”’: Putse Gon. | Putse Our [ VT A
-85°C +889C -
VoL Te# Jvo +285¢ |10 +126°% [wome: Wave Listed Below
) Charscteristic | Symbol [Tn T Out] Tye | Max | form | Pinf torm | Pin] 2aV[05V
[ v OH Propagation Detay | 119¢3¢ 10 | 2 95 87 u w] v 3 1
10+3- | 10 3 56 48 V] 0| Vv 3 1 -
Qour W / 1.8V N noess [0 | 8 a7 @ u je|wls vt
—_ noes- |10 | s 9 87 u Jwo|wis 1 -
VoL 1osge |10 | 5 % s vifwly [s] -1
110+6+—» Je— —»] [e—110+5- t0.5- | 10§ 5 2 36 v [w]lv |s )
— VoM yaen- {13 [ 1 58 33 u | x |In - .
i |13 [ 1 18 50 u la] x in - -
tvoye X Ritetime e ] 0 | 3 KX BT} O Jwo] z [3 3
v . 15+ 10 5 87 17 u 10 2 5 1
oL e 11310 18 35 v [alz {n] |-
T13+11-— (o Fallime 13- 073 35 35 v [l 2z 3 1 -
VR 5 [w]s a0 | 4s vtz [s] 1]-
Z ny. |3 |1 34 33 u fuafz [n -
Y
110+65+ —

: v
Al 20V oH

z
Outputs 3y 1.0V

—¢ Vor
I }ﬁ—
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' MC12020, MC12520 (continued) | o e
| MC12021, MC12521 T

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS FOR MC12021, MC12521

Vg 6.0 Vdc Veg +5.0 Vde
f 7
l Coax | .

Coax 0.01 uF I
- <P
3R
e1.0% 1 P4 Outa|—3 g 2450
950 =1 15 P3 . $1.0%
TPin. 3 pz Outaf—4 TPout
1nmbt—e
Pulse
Generator 2 as OUt2 s o MMD6150
‘- or Equiv.
K 14 B3 Outi}——86
PRF = 100 kHz 12 B2 TCr MMD7000
PW ' = 50% Duty Cycle 10l——pgy Enepler——37 : or Equiv.
7.0=7.0=7.0ns €

(10% 1o 90% points) = ’ = =
: ]

c . X R1=4 k-ohm for outputs 1,234,

N . R1 = - 3
Ct = 15 pF = total parasitic capacitance, which includes 1= 500-0hm for Enable Out

probe, wiring, and {oad capacitances. .

o . The coax delays from input to scope and output to scope
must be matched.

Theé scope must be terminated in 560-ohm impedance. The
.2450-ohm resistor and the scope termination impedance
constitute a 50:1 attenuator probe. The 950 Q resistor
and the scope impedance constitute a 20:1 attenuator
probe. Coax shall be CT-070-50 or equivalent.

PROPAGATION DELAY TIMES

EEER l \ 3oV
. ) v 7 15V § AC ELECTRICAL CHARACTERISTICS Voq © 50 Vac, waveborm latters rofer t the wavelorms.)
R ov N - Fest Limits (ra) Voitege Apptied
SRR 9-3+ ——81  |e— v Undur % Putse Gen. | PutseOut | separ
— [—— OH Tt | 1q+25%fro 1259 fymee e Listed Below
w 1.6V / Characteristic | Symbol [ w]out] Tvp Max  {form | Pin{form | Pin| 24v]oSV
-y 23T v |e]w |3 2 | 1
VoL Propaqation Detay | ta-3- | @ | 3 234
t9+3- 9.3+ 9 3 108 132 v 9 w 3 2 1
9+3 . 3 12 {3 w6 o KR 119
X VoH tze3- |2 {3 ] 12 e bv |2 v |3 119
t.a- 1 3 161 170 v 1 Y 3 9 2
X 1.5V K ez 1 3 128 “7 v 1 A 3l e 2
v oL 19-7- 9 7 |8; :47 v ] X 7 2 1
1947+ ——sp - o 9o |9 |7 v 9| x {2 2§
9-7- Frsetime o 18 13| =2 EERERENERE 7 |1
VoH g Jo 7] ses 12 v ez | 2 |
Y x Faltime 13. S |3 18 21 v e | 2 [3 2 | 1
’ 15v ) 1. 9 7 20 23 v 9 4 7 2 1
L-- VoL
1243+ o —»] e t2-3-
1143+ —» —» o t4_3_
- v
z 20V 20V OH
an _1ov 10V VoL
Outputs . t
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' MC12020, MC12520 (continued)

MC12021, MC12521

FIGURE 1 —~ BASIC DUAL PRESETTING TECHNIQUE

f‘;“' To Recelve/Transmit Switch
- ‘T’ - - ——}
] Q R/T l
: Clock 0——(<-—'—
T a MC12020 ]
b J ]
R Bus Q3 Bus
mcaote 1o mcapts  Clock fin
Gate
. Gate ju—4g
fout D3 D2 D1 DO MR pa p2 D1 po S+ 9
1 1 1 1 ¢ | o | -
51 51515
To Thumbwheel
Switch ©jojo}jo
Enable Out
MC12021
< Enable
B’ Inputs are B1 B2 B3 B4
Usually Hardwired
P1 P2 P3 P4
P inputs to Thumbwheel
Switch

APPLICATION INFORMATION

The frequency generating section of a multichannel
transceiver must be capable of two major functions:
1) generate the exact transmit frequency for any one of
many channels selectable by a front panel control, and
2} offset, within milliseconds, the transmit frequency by
plus {or minus) the intermediate frequency (IF) when the
receive mode is selected. The digitally programmed fre-
quency synthesizer (PLL) is well suited to the solution of
multichannel frequency generation, and its use as the
focal oscillator in channelized transceivers is widely ac-
cepted. With the parts and literature available, the imple-
mentation of a synthesizer to generate a band of channel-
ized frequencies is straightforward with only the V¢ and
loop filter left as design variables. A synthesizer allows
channet selection by the use of front panel thumbwheel
switches which display the transmit frequency selected.

Several methods exist for obtaining the frequency offset

required during receive. Unfortunately, none of the present -

techniques offer a universal sofution for all transceivers.
Three methods for frequency offsetting presently available
to the transceiver designer are mixing, direct logic imple-
mentation, and adders. The mixing method is widely used
because of price and simplicity. The mixing technique has
the disadvantage of: 1} requiring an additional oscillator
at the IF frequency; 2) except for applications requiring a
narrow tuning range, the tank circuit for the mixer must

be designed to' track the synthesizer oscillator; and /

3} spurious frequencies are generated which can severely
degrade system performance.

For certain applications where tuning range is wide and
“the IF frequency is simple (10 MHz, 20 MHz, etc.) the
addition of logic circuitry to the programming inputs to
add, on command, the IF frequency to the transmit fre-
quency is simple and inexpensive. This technique is used
in several aircraft radios built today. The technique
becomes prohibitive because of logic complexity, number
of packages, and power for standard IF frequencies, such
as 10.7 MHz, 21.4 MHz, etc., and for frequency bands
where the IF offset cannot be accomplished by adding

{or subtracting) a number to the most significant divider . ~

in the divider chain.

Adders offer a universal solution for frequency offset-’

ting for any IF frequency but are used in very few appli-
cations because of: 1) the large number of packages
required; 2) power dissipation; 3} the price; and 4} the
difficuity of obtaining NBCD adders.

The MC12020/520 (offset control) and the MC12021/
521 (offset programmer) combination offers a new method
for frequency offsetting. The new method is referred to as
“dual presetting’” and allows the implementation of any
IF frequency in a very straightforward manner. The com-
plexity of the system dépends on the IF frequency required,
but is always less complex than the adder method and is
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MC12020, MC12520 (continued)
MC12021, MC12521

competitive with the direct implementation method for
specific applications. .

The dual presetting method is applied in the low fre-
quency section of a synthesizer and does not require high
performance, high powered units to accomplish its func-
tion. The method does not require an additional oscillator

" and tank circuits as does the mixing method.

The dual presetting (MC12020 and MC12021) system
produces the required shift in frequency by adding the IF
frequency to the transmit frequency. The system accom
plishes this addition by alternately programming the
divide counters to the transmit frequency and the {F
frequency. -

The MC12020/520 is a modified D-type flip-flop that
is capable of two modes of operation. The mode is con-
trolled by the R/T (Receive/Transmit) input. With the R/T
input at a logical one level, the part divides by two at both
the Q and Q outputs. With the R/T input at a logical zero
level, the Q output becomes a buffer gate that follows
the clock input, and the Q output produces a logical one
level. An inverter gate is provided which can be used to
invert the clock polarity of the MC12020. This option is

to ensure the MC12020 can always be clocked on the same
edge that clears the counter presets.

The MC12021/521 is an eight-input, four-output data
selector constructed from low level TTL gates. [t is the
logic implementation of a four-pole, two-position switch
with the switch position controiled by the enable input,
A buffer output that follows the enable input is provided
and can be used to program divide counters to zero
when necessary.

The operation of the dual presetting method can best
be described for one MC12020, one MC12021 and two
MC4016 counters (see Figure 1). The transmit code (N1)
is seventeen (0001, 0111) and the IF code (N2} is eight
(0000, 1000). The buffer out of the MC12021 is connected
to the master reset (MR) of the most significant counter
(MS). The outputs of the MC12021 are connected to the
programming inputs of the least significant (LS) counter.
The number one is programmed into the MS counter
programming inputs, and the numbers seven and eight are
programmed into the P and B inputs, respectively, of the
MC12021. The inverter gate in the MC12020 is used to
invert the bus out from the counters aliowing the MC12021

FIGURE 2 — TIMING DIAGRAM FOR SYSTEM OF
FIGURE 1 (R/T Input High}

t1 t2 13

To Clock
of MC4016 fin

Bus Out

14 t5

Out MC12020 QG
f

Mca016 }—m‘—.n_ N1 ﬁrl'—_m—’n
To MC12020 J U ”’ l-r
Clock

out

Out MC12020

S W

fout
oo / \ /N
D1 / \ / \
inputs to ‘LS’
Counter
Outputs D2 / \ / \
MC12020
D3 \ / \ /
Do / \ / \
D1
inputs to *“MS**
Counter
D2
D3
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MC12020, MC12520 (continued)
MC12021, MC12521

FIGURE 3 — TIMING DIAGRAM FOR SYSTEM OF
FIGURE 1 {R/T Input Low)

t1 t2 13 8 5
Bus Out Ta— N1

l—
]

MC4016 L

To MC12020 -J

= 7

Clock

mMc12020 @

MC12020 Q U U

fout

Qut1

Qut 2
Inputs to "'LS’’
Counter Out3
Out
MC12021

Out4

Inputs to ‘'MS**

Countet

the maximum time to change the counters’ programming. numbers have no effect until the next positive transition

To illustrate the operation of the system, assume the of the bus output.The positive transition at t2 decrements
R/T input at a logical one level, the Q out is a logical one, the counters to zero causing the bus output to go high
the counters have been decremented to zero, and the bus -~ enabling the counter presets. The negative transition of
output has just gone to a logical one level {see Figure 2}. the clock at t3 presets the number one and seven into the
The Q output is a logical zero level, the number eight is MS and LS counters, respectively. The bus output goes
on the programming inputs of the LS counter, the number low, clears the preset, enables the count down, and clocks
zero is on the MR of the MS counter, and the preset logic the MC12020. The Q output goes low routing zero and
of the counters is enabled. eight counters. Seventeen clock pulses later the transition

The negative transition of the clock at t1 presets the at t4 and t5 brings the system back to the initial condi-
number eight in the LS counter and zero in the MS counter. tions completing one cycle. The system will continue in a
The change in programming forces the bus output to a like manner until the R/T input is taken low. The frequency
logical zero level, inhibiting the counter preset logic, out will be the frequency in divided by N1 plus N2 (f;
changing the state of the MC12020, and enabling the +[8+17]). The MC12020 and MC12021 combination has
counters. The state change of the MC12020 puts the added the |IF code to the transmit code by alternately
output at a logical one level which forces the MC12021 to programming the divide counters to N1 and N2.
route the number seven to the LS counter and clears the The R/T input is taken low to place the MC12020 in
zero from the MR of the MS counter allowing the number the transmit mode. The logical zero on the R/T input
one to be programmed. Since the counters preset new forces the G output to a logical one level selecting, through
information only when the bus output is high, the changing " the MC12021, code N1. The O output will remain a logical
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MC12020 MC12520 (continued) -
-MC12021, MC12521

one and the Q output wiil follow the input to the MC12020
until the R/T input is taken high.

For purposes of description, assume that some time
prior to the transition at t1 {see Figure 3) the .R/T input
was taken low. The transitions at 11 and t2 program the
counters to N1 and seventeen clock pulses later the tran-
sitions at t3 and t4 repeat the process: As long as the R/T
input remains low the code on the counter inputs will
remain unchanged and the output frequency wili be the
input frequency divided by N1 {f;n + 17).

The operation for this simplified system is valid for
any number of MC12021's and counters. The number of
MC12021's required by any system is a function of the
required IF frequency. The number needed to implement
a given IF frequency is equal to the number of non-zero

integers in the iF frequency. The buffer output of the
MC12021 and the master reset on the MC4016's allow
zeros to be programmed without the addition of a package.
For “example, the IF of 67.02 MHz requires three
MC12021's while the |F of 100.02 MHz requires only two.

The synthesizer shown in Figure 4 is designed to operate
over the aircraft frequencies from 118 to 136 MHz in
25 kHz steps while in the transmit mode and will add
10.7 MHz to any transmit frequency in the receive mqde.
The synthesizer is a typical phase-lock loop {(PLL) system
that uses one MC12020 and two MC12021's. The system’s
mode of operation is controlled by the R/T input of the
MC12020; a logical one for receive mode and a logical zero
for transmit mode.

The MC12020/520 and MC12021/521 are implemented

FIGURE 4 — TYPICAL PLL SYNTHESIZER SYSTEM USING
MC12020/520, MC12021/521 CIRCUITS TO ACCOMPLISH

IF OFFSET
Crystal - Phase-Frequency
Oscillator Divide : ,veo -
—— Chain Detector MC1648
MC12061 a MC4044 : fout
Filter
£
MC12013 n
R/T TTL Clock je—
‘_ Out +10/11
—
Q Clock fout Eout
B1 ‘
MC12020/520 82 MC12014  fin [e—d
a PO P3 Zo Z1
R Bus NMSD Bus NLSD Bus R Q1 Q0cC2€1Q2 Q3
MSD  ciock Q3 Clock Clock
MC4018 MR MCa016 MC4016 PE MC4019
== — LSD
PE 10 MMz PE 1 MHz PE 100 kHz —™ MR 25 kHz
‘ 1L T
D1 DO D3 D2
6 6 &
four (MH2):
. NLSD =118 - 136
MSD Enable Out Enable Qut  Receive = 128.7 — 146.7
MC12021/521 MC12021/521 IF =10.7 MHz
- Channel Spacing = 26 kHz
™ E;, Ein
1 On the
MC12014
P1,P2,22,2Z3
=== = |83 )82])81 are all groéinded
B40330320810
Pa Pz P2 P13 P4 P3 P2 P1
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MC1202°, MC12520 (continued)
MC12021, MC12521

FIGURE 5 — PROGRAMMING EXAMPLES FOR SYNTHESIZER '
SYSTEM OF FIGURE 4

F—— ‘Np Counter *»' |<-— :A Counter —b'
4

Sampie 4 LSD
Transmit/Receive MSD NMSD P/O NLSD P/O
Frequency (MHz) MC4018 MC4016 MC4019 MC4016 MC4019

118.000 T 8 4 0 0
.025 117 V] 1
.050 11 ] 2
Q75 11 o] 3
.100 11 1 0
.125 1 1 1
.150 . 1" 1 2
175 11 1 3

. .200 11 2 [+]

119.000 1 9 o 0

120.175 12 o] 1 il

128.000 12 1& o0 1)

136.000 13 6 10 10

NOTE:

Columns below counters indicate the number

t0 be programmed into that respective counter.
For direct frequency, read out the four pro-
gramming switches as viewed from the front
panel, display the same column numbers, except
for the LSD switch. The LSD switch displays
00, 25, 50, and 75 when programmed for 0,1,
2, and 3 respectively.

to add the IF offset for the receive mode as described
previously. Programming details for the balance of the
counting system are as follows:

The MC4019 contains two modulo four counters. One
of these forms the LSD section of the +A counter and is
programmed by D2 and D3 to divide by 0, 1, 2, or 3.
The second modulo four counter acts as a fixed divide by
four and forms the LSD counter for the ~Np counter
(see MC12012 data sheet for a discussion of +A and
+Np counters in conjunction with two modulus prescaling).
The NLSD counter makes up the rest of the +A counter
and provides for 100 kHz frequency inerements. The rest

of the ~Np counter is formed by the. NMSD and MSD
counters which provide for 1 MHz and 10 MHz steps
respectively.

Direct frequency readout is easily achieved as shown
by the example frequencies in Figure 5. Note that a four
section selector can be used to generate the necessary
programming.

The dual presetting method offers an efficient and
economical solution to the problem of [F offsetting,
and the MC12020 and MC12021 make implementation
straightforward.

Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,

complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and

is believed to be entirely reliable. However, no responsibility is

assurned for inaccuracies. Furthermore, such information does not
convey to the purchaser of the semiconductor devices described any
license under the patent rights of Motoroia inc. or others.
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