MOSTEK.

INDUSTRIAL PRODUCTS

Six-Decade Counter/Display Decoder

MK50395/6/7(N|

FEATURES

O Single power supply

O Schmitt trigger on the count input

O Six decades of synchronous up/down counting
0 Look-ahead carry or borrow

O Loadable counter

O Loadable compare register with comparator output
O Multiplexed BCD and seven-segment outputs
O Internal scan oscillator

O Direct LED segment drive

D interfaces directly with CMOS logic

O Leading zero blanking

0 MK5B0396 programmed to count time:
99 hrs. 59 min. 59 sec.

0 MK50397 programmed to count time:
59 min. 59 sec. 99/100 sec.

DESCRIPTION

The MK50395 is an ion-implanted, P-channel MOS six-
decade synchronous up/down counter/display driver with
compare register and storage latches. The counter as well as
the register can be loaded digit-by-digit with BCD data. The
counter has an asynchronous-clear function.

Scanning is controlled by the scan oscillator input which is
self-oscillating or can be driven by an external signal. The
six-decade register is constantly compared to the state of the
six-decade counter and when the register and the counter
have the same content, an EQUAL signal is generated. The
contents of the counter can be transferred into the 6-digit
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latch which is then multiplexed from MSD to LSD in BCD and
7-segment format to the output. The segment decoder
incorporates a leading-zero blanking circuit which can be
disabled by an external signal. This device is intended to
interface directly with the standard CMOS logic families.

The MKB0396 and MK50397 operate identically to the
MK50395 except that two digits in each were programmedto
provide divide-by-six circuitry instead of divide-by-ten. The
MK50396 is well suited for industrial timer applications while
the MK50397 is best suited for stop watch or real-time
computer clock applications. Pin connections are shown in
Figure 1.
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FUNCTIONAL DESCRIPTION (Refer to Figure 2)
Vgs. Pin 1

Vgg is the positive supply voltage. It should be maintained
between 10 and 15 Vdc with respect to V.

SET, Pin 2

SET is used to exercise control over the scan counter. When a
logic O level is applied to the SET input, the scan counter
is forced to the MSD decade count. During this time, the
SEGMENT OUTPUTS are blanked to protect against display
burnout.

BCD outputs are valid for MSD when SET is low. Applying a
logic 1 level to SET allows normal scan to resume. DIGIT 6
output is active (Vgg) until the next scan pulse brings up the
DIGIT 5 output.

LZB, Pin 3

Bringing 1ZB low causes leading zeros in the display to be

blanked. Leading zero blanking affects only the SEGMENT
OUTPUTS and is disabled by bringing TZB high.

SEGMENT OUTPUTS, Pins 4 through 10

The SEGMENT OUTPUTS are open-drain and capable of
sourcing 10 mA average current-per-segment over one digit
cycle. Segments are on wher at Vgg. Segment outputs are
blanked during interdigit blanking time.

BCD OUTPUTS, Pins 11 through 14

BCD outputs are push-pull and are on when at Vgg. BCD
output data changes at the beginning of the interdigit
blanking time. Therefore, the BCD output data is valid when
the positive transition of a DIGIT OUTPUT occurs.

STORE, Pin 16

The STORE input is used to control the transfer of data from
the counter to the display. As long as the STORE input is low,
data is continuously transferred from the counter to the
display latch. Data in the counter will be latched and displayed
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when the STORE input is high. STORE can be changed
during the positive transition of the COUNT input.

COUNTER BCD INPUTS, Pins 16 through 19

The COUNTER BCD INPUTS are usedto load the counter with
BCD information one decade at a time. The counter can
therefore be preset to any desired value. Loading is most
easily done with the help of the DIGIT STROBE OUTPUTS.
BCD thumbwheel switches with four diodes-per-decade
connected between the digit strobe outputs and the BCD
inputs is one method to supply BCD data for loading the
counter decades. (See Figure 5)

CLEAR, Pin 20

The CLEAR input is asynchronous and will reset all decades
to zero when brought high. It does not affect the six-digit latch
or the scan counter.

SCAN, Pin 21

The MK50395 has an internal scan oscillator. The frequency
of the scan oscillator is determined by an external capacitor
between Vgg or Vpp and the SCAN input (see Table 1). The
waveform present on the scan oscillator input s triangular in
the self-oscillate mode. Typically, the scan oscillator will
oscillate at the frequencies shown in Table 1 with capacitors
shown connected between Vgg and the SCAN input.

An external oscillator may also be used to drive the scan
input.

In the external drive mode, the interdigit blanking time will be
the sum of the negative dwell period of the external oscillator
and the normal self-oscillate blanking time (5-25 us). Display
brightness can be controlled by the duty cycle of the external
scan oscillator.

Vpp. Pin 22

TYPICAL SCAN OSCILLATOR FREQUENCIES
Table 1

Cscan Min Max

820 pF 1.4 kHz 4.8 kHz
470 pF 2.0 kHz 6.8 kHz
120 pF 7.0 kHz 20 kHz

LOAD REGISTER, Pin 30

Applying a logic 1 level to LOAD REGISTER allows the
register to be loaded through the REGISTER BCD INPUTS,
digit-by-digit, synchronous with the scan counter. {See Figure
4)

LOAD COUNTER, Pin 31

Applying a logic 1 level to LOAD COUNTER allows the
counter to be loaded through the COUNTER BCD INPUTS,
digit-by-digit, synchronous with the scan counter. {See Figure
4)

REGISTER BCD INPUTS, Pins 32 through 35

The register is loaded identically as described in the
COUNTER BCD INPUT paragraph. The register may be loaded
independently of the counter. However, the CLEAR input will
not remove the register contents. Contents of the register are
not displayed by the BCD or SEGMENT QUTPUTS.

COUNT, Pin 36
The six-decade counter is synchronously incremented or

decremented on the positive edge of the COUNT input signal.
A Schmitt trigger on this input provides hysteresis for

protection against both a noisy environment and double
triggering due to a slow rising edge at the COUNT input. A
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Vpp is the negative supply input and is normally connected to
ground.
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EQUAL, Pin 23

The EQUAL output goes high for one count period when the
contents of the counter and compare register are equal. The
EQUAL output is inhibited by a LOAD COUNTER or LOAD
REGISTER operation, which lasts until the next interdigit
blanking period following a negative transition of LOAD
COUNTER or LOAD REGISTER.

DIGIT STROBE OUTPUTS, Pins 24 through 29

The DIGIT STROBE OUTPUTS are push-pull and are on when
atVgg. DIGIT STROBES are decoded internally by a divide-by-
six Johnson counter. This counter scans from MSD to LSD.
The SET input exercises control over this counter. The DIGIT
STROBES are blanked during the interdigit blanking time.

count frequency of 1 MHz can be achieved if the EQUAL
output, ZERO output, and CARRY output are not used. These
outputs do not respond at this frequency due to their output
delay, as illustrated on the timing diagram, Figure 3.

COUNT INHIBIT, Pin 37

Alogic 1 level activates COUNT INHIBIT. The COUNT INHIBIT
can be changed during the positive transition of the COUNT
input.

CARRY, Pin 38

The CARRY output goes high with the leading edge of the
COUNT input at the count of 000000 when counting up or at
999999* when counting down and goes low with the

*Carry occurs at 99 59 59 for the MK50396 and 59 59 99 for the MK50397
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negative going edge of the same COUNT input. CARRY is a
push-pull output.

ZERO, Pin 39
The ZERO output goes high for one COUNT period when all

decades contain zero. During a LOAD COUNTER operation,
the ZERO output is inhibited. ZERQ changes on the leading

edge of the count input and is also a push-pull output.
UP/DOWN, Pin 40

The counter will increment when the UP/DOWN input is
high {Vgg) and will decrement when the UP/DOWN input is
low. The UP/DOWN input can be changed 0.75 us prior to
the positive transition of the count input.

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Terminal RelativetoVgg .................
Operating Temperature Range (Ambient)..................
Storage Temperature Range (Ambient) ...................

....................................... +03Vto-20V
......................................... 0°C to +70°C

*Stresses above those listed under ““Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation of the device at
these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods

may affect device reliability.

ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS
(Vpp = 0V, +10.0V < Vgg < +15.0 V, 0°C < T < 70°C)

SYM PARAMETER MiN MAX UNITS NOTES
Ta Operating Temperature 0 70 °C
Vss Supply Voltage (Vpp = 0) 10 15 \'
Isg Supply Current 30 mA 1
By Break-Down Voitage
{Segment only @ 10 pA) Vgs - 26 \Y
Po Power Dissipation 670 mwW 2
Vi Input Low Voltage, “0" Voo 0.2 (Vgg) Y
Vi4 Input High Voltage, 1" Vgs -1 Vss \ 3
VoL Output Voltage “0” @ 30 A 0.2(Vgg) v 4
Vou Output Voltage “1” @ 1.5 mA 0.8 (Vgs) v 4
lon Output Current “1”
Digit strobes 30 mA 5
Segment outputs 100 mA 6
Iscan Scan Input Pull-Up Current @ O V 55 mA
Iscan Scan input Pull-Down
Current @ 15V 2 40 uA
557 SET Input Pull-Up Current @ O V 5 60 LA
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AC CHARACTERISTICS
(Vpp =0V, +100V < Vg < +15.0V, 0°C =T, =70°C)

SYM PARAMETER MIN MAX UNITS NOTES
to Count Input Frequency 0 1.00 MHz 7.8
fg Scan Input Frequency 0 20 kHz
tepw Count Pulse Width 400 ns 9
tspwy Store Pulse Width 20 us
tss Store Set-Up Time Y us 10
tes Count Inhibit Set-Up Time o us 10
tups Up/Down Set-Up Time 0.75 us 10
toLpw Clear Pulse Width 20 us 10
tcs Clear Set-Up Time 05 us 10
oa Zero Access Time 30 us 10
ton Zero Hold Time 15 us 10
tca Carry Access Time 15 us 10
teH Carry Hold Time 09 us 1"
tea Equal Access Time 20 us 10
tey Equal Hold Time 156 us 10
L Load Time 6/fg S
ts Load Set-Up Time 20 us 12
tov Data Valid Time 20 us 13
NOTES:
1. Igg with inputs and outputs open at 0°C. 28 mA at 25°C and 26 mA at 70°C. This 6. For VouT = Vsg -30 Voits. Average value over one digit cycle.

does not include segment current. Total power per segment must be limited so as 7. Measured at 50% duty cycle.

not to exceed power dissipation of package. (€4 = 100°C/Watt) 8. If CARRY, EQUAL, or ZERQ outputs are used, the count frequency will be limited by a-e
2. All outputs loaded. their respective output times. ey
3. MinV|yfrom Rp Rg R Rp Ca Cp Cc Cp inputs isVgg -2.5 V. Those inputs have 9. The COUNT pulse width must be greater than the CARRY access time when using 3 :f E“n E,

internal pull-down resistors to Vpp. the CARRY output. 30 s
4. This applies to the push-pull CMQS-compatible cutputs. Does not include digit 10. Measured from positive edge of COUNT input 10% level.

strobes or segment outputs. 11. Measured from negative edge of COUNT input 90% tevel.
5. For Voyr = Vgg -2.0 Volts. Average value over one digit cycle. 12. Measured from positive transition of DIGIT output 10% level.

13. Measured from hegative transition of DIGIT ocutput 90% leve!.
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TIMING DIAGRAMS
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LOAD COUNTER, REGISTER TIMING

Figure 4
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BCD SWITCH MATRIX
Figure 5
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TYPICAL APPLICATION

DARK ROOM TIMER
Figure 6

SANO0D3s SANODAS N3L SALNNIN SIALANIW NIL
—————————— ————}—o PY0SNZ - LHOS
_ | (098v-2808) dH-LQ
————o ————o0 ——+«——o —————K—o
——o0 —K—0 —i—0 — K0
(xy) ¥LENI (xy} ¥LENY ixp) PLENI (xp) #LENI
A onwNoLng T T
L9 061 HSNd LHYLS
oN v16NI ©
NOLLNG HSNd @ PL6NI =
13534 Weviy Jze jee|ve]ae Te |se 6¢ oLlsi]stfer —r
woL ﬂnt oy By vy Pre) ANMVD Ou3Z A5 94 84 Y, | TOHINOD
52| Yno3 43INnooavollte = Q3d 1004
5 098 una_ﬂw = vusoauavor uva10 b 2
AA NVOS NMOQ./dn
avAitr |2 [X3 oy 96£09N¥W oy VZ6¥SLNS
L + 118 INNOD [ HOLIMS
H =15 LIBIHNI INNOD ez $ndod
o |ﬂl SINIWO3S ..ul =
oz voorne T 008 A IY04S i
zz} 10 za ea va sa ea 9 4 30 2 8 V¥ 1n0goe st I
Tvelsz]oz{czlez[ 6z [ocs [efe[o[s[v Tedetlzihe IV 0o
G oLy / \
VLI6NI
AV13d
> 2 2 > 2 2 2 ON
$3838838S w D0AZL Lda H
e 2 uo9s h
b : 311 IWNSOdXA
| A R gl Rl iy |
1 ey vm vm t
VZ6YILNS ¥ IVALLL
| 1 LT ALIAVS
L =T-]-d
T
L
1
Il
[
t
t 11
AVIdSIO

v-23




