DM7520/DM8520

National
Semiconductor

DM7520/DM8520 Modulo-N Dividers

General Description

Although extremely versatile in a nimber of applications,
the primary uses of these circuits are in two areas:

1. MODULO-N DIVIDER
A single DM7520/DM8520 can be programmed without
external components to divide by any number from 2 to
15. Cascading of these dividers will provide division by
any number from 2 to very large numbers.

2. SHIFT REGISTER
Since the basic organization of the logic is that of a
serial shift register, the device may be used where four-
bit paraliel-in-serial-out shifting is required.
(Continued)

Features

8 Fully programmable divider—any number from 2 to co
® Also functions as a four-bit parallel shift register

®u Typical propagation delay 36 ns

® Typical power dissipation 250 mw

Absolute Maximum Ratings ote 1)

Supply Voltage v
Input Voltage 5.5V
Storage Temperature Range - 65°Cto 150°C

Note 1: The "Absolute Maximum Ratings™ are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

Connection Diagram

DualIn-Line Package
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Function Tabie

Table for Division By N

Setting
+ BY

P1 | P2 | P3| Pa

H H H L 2
H H L L 3
H L L L 4
L LfL H 5
‘L L H L 6
L H L L 7
H L L H 8
L L H H 9
L H H L 10
H H L H 1
H L H L 12
L H L H 13
H L H H 14
L H H H 15
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General Description (continued)
THEORY OF OPERATION

The basic operation of the DM7520/DM8520 is derived
from the fact that when several outputs of a shift register
are EXCLUSIVE OR’ed and the result fed back to the regis-
ter's input, a unique progression of stable states results on
the outputs of the flip-flops. Depending upon which outputs
are EXCLUSIVE OR'ed, the number of different states can
be varied. Even if optimum gating is provided the most
states which can be obtained is 2" — 1, where n is equal to
the number of flip-flops in the register. The all-zero state is
preciuded; and, therefore, the maximum number of states is
always one less than the theoretical maximum number.
Since the DM7520/DM8520 contains four flip-flops, its
maximum number of states is 15. Because the 1111 state
occurs only once during a 15-state sequence this state is
detected, and its output becomes the output of the divider.

To obtain frequency division by numbers other than the
maximum, it is necessary to cause the register to “jump”
immediately from its initial 1111 to the state which it would
normally reach in 16 m (m = desired frequency division)
pulses. For example, to divide by eleven it would be neces-
sary to jump to the fifth state and then simply allow the reg-
ister to normally progress forward to its original state. The
output of the divider is also used as a control pulse. Since
the 1111 state is detected and since the “jump-state” infor-
mation is of interest only at the time that this state is
reached, the OUTPUT is used to gate the parallel inputs,
through the SERIAL /PARALLEL input, so that it recognizes
this “jump-state” information only at this time. Subse-
quently as the states change, the parallet input information
is locked from the divider.

Should the divider ever be accidentally set in the forbidden
0000 state, an output is provided to detect this state. If this
output is in turn fed into the EXTERNAL EX-OR input, a 1 will
be forced into the register at the next clock puise, thus
clearing the unaliowed state.

A PRESET input is provided which when taken to a logicai
“1" level overrides all other inputs and sets the register to
the 1111 state.

To summarize, the following connections should be made
for operation of a single DM7520/DM8520.

Ex-Or Output to Serial Input

0000 Detect to External Ex-Or Input
Output to Serial/Parallel Input
Preset to Ground

Ex-Or Control to Ground

To divide by numbers greater than 15, it is necessary to
cascade DM7520/DM8520's. Both the QUTPUT and the
0000 DETECT output are capable of being connected di-
rectly to other like outputs, thus providing the “WIRED-OR”
configuration. These outputs shouid be connected to the
similar outputs on other dividers for proper operation. All
SERIAL/PARALLEL inputs should be connected to the
common OQUTPUT.

Figure 1 indicates connections for 2 dividers or a maximum
frequency division of 255.

To divide by numbers between 16 and 255, the table in
Figure 2 will apply.

LOGICAL +
LEVEL
EX-OR EX-OR 0000 EXTERNAL EX-OR EX-OR 0000 EXTERNAL
ouTPUT CONTROL | DETECT | Ex-OR outpuT | = | conTroL | peTecT | Ex-OR
SERIAL SERIAL
OUTPUT INPUT
SERIAL . OUTPUT
DM7520/DM8520 - DM7520/DM8520
INPUT ouTPUT INPUT s
INPUT
INPUT PRESET SERIAL/PARALLEL PRESET SERIAL /PARALLEL
FREQUENCY

FIGURE 1. Connection for 2 Dividers for Maximum Frequency Division of 255 TLIFIes8e2
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FIGURE 2. DM7520/DM8520 Shift Register Divider Input Coding Table (2 Package Combinations)
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DM7520/DM8520

General Description (continued)
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DM7520/DM8520 Shift Register Divider input Coding Table (2 Package Combinations)

FIGURE 2.
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DM7520/DM8520

Recommended Operating Conditions

Symbot P ' DM7520 DM8520 Unit
mbo arameter nits
Y Min Nom Max Min Nom Max
Vece Supply Voltage 4.5 5 55 475 5 5.25 "
Vin High Level Input ‘2 2 Vv
Voitage
ViL Low Level input 0.8 0.8 v
* Voltage
loH High Level Output -0.4 —-04 mA
Current
loL Low Level Output 16 16 mA
Current ’
fok Clock Frequency 0 15 0 16 MHz
Ta Free Air Operating -55 125 70 °C
Temperature

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min (sz " Max Units
Vi input Clamp Voltage Vee = Min, = — 12 mA -15 A
Vou High Level Output Ve = Min, Ign = Max 24 \'
Voltage VL= Max, Viju=Min ’

VoL Low Level Output Vee = Min, lgL= Max 0.4 \'
Voltage ViH = Min, Vi = Max

by input Current@ Max Vgg = Max, Vi=5.5V 1 mA
Input Voltage

lin High Level Input Voo = Max EX-OR 80 A
Current V)= 2.4V Other 40

[T Low Levet Input Vce = Max EX-OR -3.2 mA
Current Vi=0.4V Other _16

los Short Circuit Vge = Max DM75 -20 - 55 mA
Output €urrent (Note 2) DM85 _18 _55

lcc Supply Current Ve = Max 50 .75 mA

SWltChlng Characteristics at vcc=5v and To=25°C (See Section 1 for Test Waveforms and Output Load)

CL= 15 pF
Parameter Conditions Ry =100Q
Min Typ Max Units
fmax Maximum Clock 15 20 MHz
Frequency
tpL Propagation Delay Time 35 50 ns
Low to High Level Output
tpyL Propagation Delay Time 38 55 ns
High to Low Level Output
Note 1: All typicals are at Voo =5V, TA=25°C.
Note 2: Not more than one output should be shorted at a time.
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Logic Diagram

75/8520
EX-OR OUTPUT
{14}
EX-OR CONTROL
EXTERNAL (15) (9)
EX-OR
e
(16)
SET —[ >0
seriaL (1) (10} sERAL
WPUT P a Fa Pa M — output
D _ o _ o _ D _
‘.—4* c@ cQ cQ
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®) —o -0<}-{— PARALLEL
NPUT
INPUT —[>0-
2 “« ©) t4)
P1 P2 P3 P4
: | T
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ouTPUT 0000

‘DETECT TLIF/8584-3
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