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EXPANDERS :
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e AND-OR-INVERT Gates 4-46
. MC509, MC559/MC409, MC459 4-Wide 3-2-2-3 Input Expander for
o AND-OR-INVERT Gates 4-48
LINE DRIVERS
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NUMERICAL INDEX

: (Functions and Characteristics)
Vee=5.0V, Tp = 25°C

Output
Type Loading
Factor Propagation Power
Each Output iy
Case Case P Delay Dissipation
. 609, 93 609 MC400 | MC500 thd mW Page
Function 0 to +75°C | —55 to +125°C| Series | Series ns typ typ/pkg No.
Dual 4-Input NAND Gate MC400 MC500 12 15
MC450 MC550 6 7 10 30 414
Expandable 4-Wide 2-2-2-3-Input MC401 MC501 12 15 12 30 424
AND-OR-INVERT Gate MC451 MC551 6 7
Single 8-Input NAND Gate MC402 MC502 12 15
MC452 MC552 6 7 12 15 410
2-Wide 3-Input AND-OR-INVERT |  MC403 MC503 12 15 " 25 027
Gate with Gated Complement MC453 MC553 6 7
Expandable 3-Wide 3-1nput MC404 MC504 12 15 12 25
AND-OR-INVERT Gate MC454 MC554 6 7 4-20
Expandable 2-Wide 4-Input MC405 MC505 12 15 12 20 216
AND-OR-INVERT Gate MC455 MC555 6 7
Expandable 8-Input NAND Gate MC406 MC506 12 15
MC456 MC556 6 7 18 s 412
Line Dri MC407 MC507 12 15 2% @ }
ine Driver MC457 MC557 6 7 1000 pF Load 60 450
Quad 2-input NAND Gate MC408 MC508 12 15
MC458 MC558 6 7 10 60 4-22
4-Wide 3-2-2-3 {nput Expander MC409 MC509 12 15 _
for AND-OR-INVERT Gates MC459 MC559 6 7 - 4-48
Dual 4-Input Expander MC410 MC510 12 15 _
for AND-OR-INVERT Gates MC460 MC560 6 7 - 446 |
Dual 4-Input Expander MC411 MC511 12 15 _
for NAND Gates MC461 MC561 6 7 - 4-44
Triple 3-Input NAND Gate mMC412 MC512 12 15
MC462 MC562 6 7 10 45 418
R-S Flip-Flop MC413 MC513 12 15 _
MC463 MC563 6 7 f =20 MHz 30 4-42
AND J-K Flip-Flop MC415 MC515 12 15 _
, MC465 MC565 6 7 f=20MHz 40 4-32
OR JK Flip-Flop MC416 MC516 12 15 _
MC466 MC566 6 7 f=20 MHz 50 437
Expandable Dual 2-Wide MC420 MC520 12 15 12
2-input AND-OR-INVERT Gate MC470 MC570 6 7 40 4-30




Dual 4-Input NAND Gate

-

ONOM WN=W
- -
- N

thd = 10 ns typ
Pp = 30 mW typ/pkg

12=12¢3+13

MC402/MC452
MC502/MC552
Single 8-Input NAND Gate

WONOOWN =

1

12=19¢2¢3+5¢6+7+9+13
tpd=12nstvp
Pp = 15 mW typ/pkg

Expandable 4-Wide 2-2-2-3 input
AND-OR-INVERT Gate

1

WEN O O W N = »

11
Emitter 13
Collector 12

11=(1421) + (2¢3) + (526) + (7¢8+9) +. . .

thg = 12 ns typ
Pp = 30 mW typ/pkg

MC500/400 series
f LOGIC DIAGRAMS \ MTTL 00/40 ¢
—GATES
MC400/MC450 MC401/MC451 MC403/MC453
MC500/MC550 MC501/MC551 MC503/MC553

2-Wide 3-lnput AND-OR-INVERT
Gate with Gated Complement

13

14 12
1
2
3

1
S5
6
7
12=11+13 =14
1M1=(1.2+3) + (5-6+7)

‘pd =11 ns typ
Pp = 35 mW typ/pkg

MC404/MC454
MC504/MC554
Expandable 3-Wide 3-Input
AND-OR-INVERT Gate

Q0O NOU WN=

-

Collector 13

Emitter 14

12

12=(10203)+(50607)+(8eQe11)+ __ .

[Dd =12 ns typ
Pp = 25 mW typ/pkg

MC405/MC455
MC505/MC555

Expandable 2-Wide 4-Input
AND-OR-INVERT Gate

-

4

1

2

3

12

5

6

7

8

Emitter 13
Collector 9

=(14 1 22 +3)+(5+6 «7 «8)+,.,

tod = 12 ns typ
Pp = 20 mW typ/pkg

MC406/MC456
MC506/MC556

Expandable 8-Input NAND Gate

ONOOWN=H
-
N

m
o
@
o
©

Collector 13 _A

12=1 ¢3 ¢5 =7 ¢8 «14 o+ ..

tpg = 18 ns typ
Pp = 15 mW typ/pkg

MC408/MC458
MC508/MC558

Quad 2-Input NAND Gate

tod = 10 ns typ
Pp = 60 mW typ/pkg

MC412/MC462
MC512/MC562

Triple 3-Input NAND Gate

1
2 5
3
6
7 9
8
"
13

5=T+2+3

tpd = 10 ns typ
Pp = 45 mW typ/pkg

MC420/MC470
MC520/MC570
Expandable Dual 2-Wide 2-Input
AND-OR-INVERT Gate

14
1
2
3

(- 14)+(2 - 3)
5
6
1
Emitter 7
Collector 8
=5 -6+ - 11 +..

tod = 12 ns typ

Pp = 40 mW typ/pkg
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LOGIC DIAGRAMS (continued)

—EXPANDERS —DRIVER

MC409/MC459 MC410/MC460 MC411/MC461 MC407/MC457
MC509/MC559 MC510/MC560 MC511/MC561 MC507/MC557
4-Wide 3-2-2-3 Input Expander Dual 4-Input Expander Dual 4-Input Expander Dual 4-Input
for AND-OR-INVERT Gates | for AND-OR-INVERT Gates for NAND Gates Line Driver

-

.‘li Collector Collector 2
1 12 14 N2 14 2 s
2 Emitter \ % _§13 % _!13 gi}_”
3 - Emitter Emitter 9
5 —\ Emitter Emitter
6 Collector 11 g \ 9 g -\ 9
7 2 . P z . P 12-Tv2v3+13
S Collector Collector

tpd = 25 ns typ
@ 1000 pF Load
Pp = 60 mW typ/pkg

—FLIP-FLOPS

MC413/MC463 MC415/MC465 MC416/MC466
MC513/MC563 MC515/MC565 MC516/MC566
R-S Flip-Flop AND J-K Flip-Flop OR J-K Flip-Flop
mZ 13
AESET 13 114
3 ] apr2
R3 13 K3 14 K
A o2 = k3 '3 — 2 1
FT1 128 K%’ 2 Q12 K1 2
2 _
CLOCK 3 CLOCK 3
g Ji 8 - Jp 5
$1 5 I 6 afF 38 "
5 6 1Q 37 ol
S3 9 SET 8 ————]
s PRESET 9———] k1 d ]
SET
- — — M | Q
R s Qn+1 l Qn+1 J K Qn |Qn+1 ! L K n |G+
0 0 | Notallowed o o oo A VN R o A
9 : p M ol 1|l ol o x| 1 [ x| x|o] 1
i 1 Q a 0 1 1 o X X o o 1 1
n n 1 0 ) 1 X X 1 X 1 o
. 1 0 1 1 X X X 1 1 [
Where R = Ry ¢ Rpe Rg 1 1 o] 1 X = Don‘t Care
S =51955¢53 1 1 1 0 Where J =Jq°Jp
L=tq+ Ly
WhereJ=Jy* Jop*J _
KoKy Ko Ko K=Ki2Ka
1°Kz°Kg M=Mj My
=20 MHz =20 MHz =20 MHz
Pp =30 mW Pp = 40 mW Pp = 50 mW

4-5



GENERAL INFORMATION
SECTION

INTRODUCTION FIGURE 1 — TYPICAL MTTL CIRCUIT

MTTL transistor-transistor logic is a medium speed,
high-noise-immunity family of saturating integrated logic
circuits.

W

The circuits in the MTTL family are identified by a
multiple emitter input transistor and an active “pull-up”’
in the upper output network as shown in Figure 1.

AAA

The multiple emitter input configuration offers the max-
imum amount of logic capability in the minimum physical
‘area and provides improved switching characteristics during
turnoff. Clamp diodes are provided at each of the inputs
to limit-undershoot that occurs in typical system applica-
tions such as driving long interconnect wiring. The active
pull-up output configuration provides low impedance in
the high output state. The resulting low impedances in
both states provide excellent ac noise immunity and allow
high-speed operation while driving large capacitive loads.

O?QT

MAXIMUM RATINGS

Rating Value

Supply Voltage — Continuous MC500 Series +8.0
MC400 Series +7.0

Supply Operating Voltage Range 45 1t06.0

Input Voltage +5.5
Qutput Voltage +5.5

Operating Temperature Range MC500 Series -55 to +125
MC400 Series 0 to +75

Storage Temperature Range Flat Package -65 to +200
Plastic Package -55 to +125

Maximum Junction Temperature
MC500/550 Series +175
MC400/450 Series +150

Thermal Resistance - Junction To Case [CAT)
Ceramic Flat Package 0.09
Plastic Dual-In-Line 0.15

Thermal Resistance - Junction To Ambient (6 j4)
Ceramic Flat Package 0.26
Plastic Dual-In-Line 0.30
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TYPICAL CHARACTERISTICS

BREADBOARDING SUGGESTIONS

When breadboarding with any form of high-speed, high-per-
formance TTL, the designer must continually be aware of the fact
that he is working with the fastest form of saturating logic avail-
able in the industry today. The switching speeds, especially the
frequencies associated with the very fast rise and fall times of the
circuits, are in the RF range and good high-frequency layout tech-
niques should be used. The following breadboarding suggestions
have been included to help the designer in his initial circuit layout.
In many cases the breadboarding suggestions will have to be mod-
ified to meet the requirements of the designer’s specific application.

Power and Ground Distribution

Special care should be taken to insure adequate distribution of
power and ground systems. The typical rate of change of currents
and voltages for a single MTTL gate is in the range of 107 Als
and 108 V/s respectively. These figures reflect the necessity for a
low-impedance power supply and ground distribution system, if
transients are to be minimized and noise margins maintained. The
use of AWG No. 20 wire or larger is often required. For printed
circuitry, line widths of 100 mils or more are often necessary. A
ground plane is desirable when using a large number of units.

Bypassing

To reduce supply transients, the breadboard should be bypassed
at the point where power is supplied to the board and at intervals
throughout the board. The use of a single bypass capacitor at the
output terminal of the power supply is not adequate in a bread-
board utilizing the fast rise and fall time MTTL circuits. A com-
paratively large, low-inductance type capacitor (in the 1.0 uF range)
is suggested at the point where power and ground enter the board.
In many cases it has been found that distributing 0.01 uF capaci-
tors for every eight packages throughout a breadboard is adequate
to supress normal switching transients. It is also suggested that a
bypass capacitor be placed in close proximity to any circuit driving
a large capacitive load.

‘Power Dissipation

The standard supply voltage of the MTTL logic circuits is
+5.0 Vdc.The typical average dc power dissipation is given for each
MTTL circuit.{2) It should be noted that the totem pole output
common to all high level MTTL circuits has an associated ac power
dissipation factor. This factor results from the timing overlap of
the upper and lower output transistors during the normal switching
operation and is typically 0.35 mW/MHz/output fora 15 pF load.
This ac power dissipation should be added when calculating the
total power requirements of the MTTL circuits.

Unused Inputs and Unused Gates

The unused inputs of any. MTTL logic circuit should not be
left open, and can either be tied to the used inputs or returned to
the supply voltage. This will reduce any potential problems result-
ing from external noise. I the inputs are returned to_the supply
voltage, care should be taken to insure that the supply voltage does
not exceed the maximum rated input voltage of 5.5 volts. if the
supply can exceed 5.5 volts, the unused inputs must be returned
to a lower voltage. The total number of inputs that can be tied to
the output of any driving gate is 50. (This is defined as high state
output loading factor.) It should be noted that the low state out-
put loading rules must still be maintained. The minimum logical
“1"" level for the high state output loading is summarized for Vg
=5.0V, V|_=0.45 Vand igy = —5.0 mA:

MC500/550 Series — VOH = 2.8 volts minimum @ —55°C
MC400/450 Series — Vp = 3:0 volts minimum @ 0°C

The unused inputs of the various flip-flops may be tied back to
their associated outputs. To determine which outputs are related
to each set of inputs by internal feedback, refer to the circuit
schematics.

The inputs of any unused gate in a package should be grounded.
This places the gate in its lowest power condition and will help to
eliminate unnecessary power drain.




Expanders and Expander Nodes

The ORing nodes of all the MTTL AND-OR-INVERT gates
are made available for expanding the number of AND gates to 10.
Since these are comparatively high-impedance nodes, care should
be taken to minimize capacitive loading on the expander terminals
if switching speed is to be maintained. When an expander is to be
used with an expandable AND-OR-INVERT gate, it should be
placed as close as possible to the gate being expanded. The increase
in the average propagation delay per AND gate added to an expand-
able AND-OR-INVERT gate is typically 1.0 ns/AND gate. The in-
crease in average propagation delay as a function of capdcitance
added to the expander nodes is typically 1.0 ns/pF.

Output OR (AND) Function

Unlike the. MDTL family of logic circuits, the outputs of the
MTTL logic circuits cannot be tied together to perform the output
OR, or more correctly, the output AND function. If the outputs of
the MTTL family devices are tied together, it would be possible
for the lower output transistor of one circuit and the upper output
transistor of another circuit to be “on’’ simultaneously. This con-
dition provides a low-impedance path from Vge to ground and the
current that flows (approximately Igc) exceeds the guaranteed sink
current. As a result, the saturated state cannot be maintained and
the desired logic function is not satisfied.

Operating Characteristics of Flip-Flops
The -general operating characteristics and restrictions for the

MC515/MC516 series J-K flip-flops are as follows:

The clocked inputs are inhibited when the clock is in the low
state, and data should be applied and allowed to settle. The clocked
inputs are enabled when the clock goes high and data enters the
flip-flop. The data is temporarily stored in' the charge-storage sec-
tion (temporary memory) while the clock is in the high state. This
data is transferred to the bistable section on the negative clock
transition.

The data on the clocked inputs should not be changed while the
clock is in the high state. Data changes during this clock condition
require 300 ns settling time. -

The direct SET, PRESET, and RESET inputs do not directly
affect the charge-storage section and therefore should not be used
while the clock is high. On the negative transition of the clock,
previously stored data may override the asynchronous set output
state. Further, the direct SET, PRESET, and RESET inputs do not

GENERAL INFORMATION
SECTION

override the clock and will not control the state of the flip-flop
until 120 ns after the negative transition of the clock. The clock sig-
nal must conform to the following boundary conditions at +1250C,

Maximum guaranteed clock frequency =20 MHz
Maximum clock fall time =150 ns
Minimum clock pulse width = 20ns
Minimum clock pulse amplitude =18V
Maximum: negative clock voltage =—05V

Note: These boundary conditions for operation are not defined as
occuring simultaneously.

The transfer of data from the charge storage section to the bi-
stable section is essentially an ac operation and thus results in the
restriction of the clock fall time. If the clock fall time is greater
than 150 ns, the information retained in the charge-storage section
may not be transferred to- the bistable section. The flip-flop will
operate from very low frequencies to 20 MHz as long as the clock
fall time is less than or equal to 150 ns.

Large negative clock excursions may cause incorrect data trans-
fers to the bistable section during the transfer cycles. Therefore,
the most negative clock signal should be limited to —0.5 volit.

(DThe switching characteristics of the MTTL family are defined
with respect to the associated transitions of the voltage waveforms.
The average propagation delay is defined as the average of the turn-
on delay and the turn-off delay measured from the 1.5 V point of
the input to the 1.5 V point of the d output tr 1 or:

T, +
on * Toff o
2

tpd =
Rise time is defined as the positive going transition of the output
from the 1.0 V to the 2.0 V level. Fall time is defined as the nega-
tive transition of the output from the 2.0 V to the 1.0 V level.

(2) L +1
Pp = r»‘t:n_2 PDH (Vee)

where Ipp_ and lppy are the typical dc current drains at Vgg =
+5.0 V.

MC400/450 and MC500/560 MTTL* series integrated circuits are electrically interchangeable with SUHL |1 series logic circuits.

SG 55 to +125°C 0 to +75°C
SF
NUMBERS Description Fan-Out=15 Fan-Out=7 Fan-Out = 12 Fan-Out=6
SG40-43 Dual 4-Input NAND Gate MC500 MC550 MC400 MC450
Expandable 2-Wide 2-2-2-3-Inpyt
S$G50-53 AND-OR-INVERT Gate MCs01 MC551 MC401 MC451
5G60-63 Single 8-Input NAND Gate MC502 MC552 MC402 MC4a52
2-Wide 3-Input AND-OR-INVERT Gate
$G90-93 Gth Gated oot MC503 MCS553 mC403 MC4s3
Expandable 3-Wide 3-Input
$G100-103 AND-OR-INVERT Gate MC504 MC554 MC404 MC454
Expandable 2-Wide 4-Input
SGI19-113 AND-OR-INVERT Gate MC505 MC555 MC405 MC455
$G120-123 8-Input NAND Gate MC506 MC556 MC406 MC456
SG130-133 Line Driver MCs07 MC557 MC407 MC457
$G140-143 Quad 2-Input NAND Gate MC508 MC558 MC408 MC458
% 4-Wide 3-2-2-3-Input Expander for
SG150-153 AND-OR-INVERT Gates MCs09 MCs59 MC409 MC459
% Dual 4-input Expander for
$G170-173 AND-OR-INVERT Gates MC510 MC560 MC410 MC460
$G180-183 Dual 4-Input Expander for NAND Gates MC511 MCS561 MC411 MC461
$G190-193 Triple 3-Input NAND Gate MC512 MC562 MC412 MC462
SF10-13 R-S Flip-Flop MC513 MC563 MC413 MC463
SF50-53 AND J-K Flip-Flop MC515 MC565 MC415 MC465
SF60-63 OR J-K Flip-Flop MC516 MC566 MC416 MC466
Expandable Dual 2-Wide
§G7073 >.nput AND-ORINVERT Gate MC520 MC570 Mc420 Mca70

*Trademark of Motorola Inc.
tTrademark of Sylvania Electric Products, Inc.
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SINGLE 8-INPUT “NAND” GATE

MTTL MC500/400 series

MC502 - MC552
MC402 - MC452

This device is an 8-input NAND gate. It is useful
when processing a large number of variables, such as
in encoders or decoders.

4.0k 13
1
2
5 12
6
7
9
104
20+
g: Positive Logic:
6o 12=Te2+3e5+6+7+9+173
;c Negative Logic:
13 ] 12=1T+2+3+6+6+7+9+13
r iRy
A | |&
K y
g 3 Total Power Dissipation = 15 mW typ/pkg
lGND Propagation Delay Time = 12 ns typ
10
SERIES INPUT LOADING FACTOR (1g) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC502 15 MCS500 series Gates (20 mA) o, o,
MC552 ! (Z133mA) |5 MCS00 series Gates (10 mA) —559C to +1259¢C
MC402 12 MCA400 series Gates (20 mA) o o
Mcas2 ! (Z186mA) | 5 MC400 series Gates (10 mA) 0° 1o +750¢C
SWITCHING TIME TEST CIRCUITS VOLTAGE WAVEFORMS AND DEFINITIONS
Vee
TPin +5.0 V
RL*
+3.0V
) \/—l—l_ MC511 OR
Rg EQUIV
PRF = 1.0 MHz typ cT 1N3605 OR
PW =200 ns "15 F EQUIV
tr=5.0ns P
t§=5.0ns =
+3.0 v TPout
NOTES:
Rg = 50 ohms *MC500 — 26002
Cr = the total parasitic capacitance which includes MC550 — 5700 tp ' L_ J tf GND
probe, wiring, and load capacitances. MC400 — 3300 8.0 ns — 5.0 ns
Scope rise time < 1.0 ns MC450 — 6600 max max
Probe capacitance < 5.0 pF




[ A 4

TEST CONDITIONS

ELECTRICAL CHARACTERISTICS 1? mA Volts
Test procedures are shown for only one in- 2 T 1 |
! 3 @ Test oL OH
put of the gate. To complete testing, se- 5 12 Temperature “Tsid “Tstd Iin Vu. Vm Vn v'h'l Vvho vnul Vcc Vle
quence through remaining inputs in the g Pr™| Std | Pr” | St
same manner. 9 —55°C| 20 | 10 |-1.5|-0.7(1.0|0.45{ 2.8 | 4.5 | 2.0 | 1.0{5.5 | 5.0 -
MC502%, MC552 § +25°C| 20 | 10 |-1.5}-0.7|1.0]0.45| 2.8 | 4.5 | 1.7]1.25.5 | 5.0 3.0
+125°C| 20 | 10 |-1.5|-0.7]|1.0/0.45| 2.8 | 4.5 | 1.4] 0.9 [5.5 | 5.0 -
0°C| 20 | 10 |-1.2|-0.6|1.0]0.45|3.0| 4.5 | 1.9 1.1[5.5 | 5.0 -
MC402*, MC452 { +25°C| 20 | 10 |-1.2[-0.6]1.0]0.45|3.0 | 4.5 | 1.8 1.2(5.5 | 5.0 3.0
+75°C] 20 | 10 [-1.2]-0.6[1.0|0.45[3.0| 4.5 [ 1.7]1.1]5.5 | 5.0 -
Pin | MCS02, MCSS2 Test Limits MC402, MC452 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min | Max | Min| Max | Min | Max | Min | Max | Min] Max | Min[ Max| Unit lou I lou l o | Vi |V|n' Ve Ivmlvmo Vou'[VCCI Vccﬁ Viux | Gnd
Input
Forward Current I 1 - |e1.33 - |-1.33 - |-1.33| - [-1.66] - |-1.66] - |-1.66|mAdc - - - - - 23,56 - - - 4 - 1,10
79,13
Leakage Current lR 1 - 100 - | 100 - 100 - 100 | - 100 - 100 | uAde - - - - - 1 - - - 4 - 2,3,5,6,7,
9,10,13
Inverse Beta Current IL 1 - 100 - 100 - 100 - 100 | - 100 - 100 | pAdc - - - - - 1 - - - 4 - 10
Breakdown Voltage BVin o 1 - - - |5.5 - - - - - 5.5 - - Vdc - - 1 - - - - - - 4 - 10
BV, | 1 B 1 - [55 [ - - - - |- [55] - T Vdc - - T - - - - N T 4 T 12,3,5,6,7,
9,10,13
Output
Output Voltage Vouror| 12| - [045] - [0.45| - Jo.45 | - fo.45| - 0.45| - |0.45| Vde 12 - - - - - 1 - - 4 - 10
Vool 12 [2.5] - [2:4] - |27 - |25 - [24] - |25| - | vde - 12 - - - - B 1 . 4 B 10
out "1
Leakage Current IOLK 12 - 250 [ - | 250 - 250 - 250 | - 250 - 250 | Adc - - - - - - - - 12 4 - 1,2,3,5,6,
7,9,10,1
Short-Circuit Igc 12 |-10| -45|-10| -45 |-10 | -45 |-10 | -45 |-10 | -45 | -10 | -45 | mAdc - - - - - - - - - 4 - 1,2,3,5,6,
Current . 7,9,10,1
Output Voltage VoL 12 | - |o.40] - lo.40 | - fo.45 | - [o0.40| - [0.40| - [0.45]| Vdc 12 - - - 1 - - - - |4 - 10
7 12 |2.8| - |3.2] - |[3.35] - [3.0| - |31 - |3.15] - | vdc - 12 - T - - z - T 4 - 10
OH
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 10 - - - - - 10 - - | mAde - - - - - - - - - - - 1,10
Supply Current
Power Supply Drain IPDH 4 - 6.0 - 6.0 - |6.0 - 75| - |15 - 7.5 | mAdc - - - - - - - - - 4 - 10
‘ — 1 ~ 30| - |30 |- [30 |- [30] - [30] - [30[mAde - - B - - - B - S - 1,10
Switching Parameters Pulse In | Pulse Out
Turn-On Delay t 1,12 - - - |24 - - - - - 24 - - ns 1 12 - - - - - - - 4 2,3,5,6, 10
on
7,9,13
Turn-Off Delay t 12| - - - |20 - - - - |- |2 - - | ns 1 12 - - - - - - - 4 2,3,5,6, 10
off
7,9,13
Rise Time t 1,12 - - - 480 | - |- - - |- |80 - - | ns 1 12 - - - - - - -] 4 2,3,5,6, 10
r . 7,9,13
i - - - |50 | - - - - - 150 - - 1 12 - - - - - - - 4 2,3,5,6 10
Fall Time ti 1,12 5 ns 7’9’13’

*Prime Fan-Out.

(Penunuod) ZGOIN “ZOYOIN/ZSSO ‘Z0SON



EXPANDABLE 8-INPUT
“NAND” GATE

MTTL MC500/400 series

MC506 - MC556
MC406 - MC456

This device consists of an 8-input AND gate driving
an output inverter. The base and the collector of the
multiple emitter input transistor are available as ex-
pander terminals. The number of inputs can be expand-
ed to 20 by using the MC511 series expanders. Care
should be taken to minimize the amount of capaci-

tance on the expander terminals in order to maintain
switching speeds.
4.0k 1.3 k ¢
$
14
1
° E
[e S— Y
2 12
6
8
; : Base 9
3 o Collector 13
5 o
60
7
13 b: Positive Logic:
3| & 12=Te2e3¢5e6¢ 7 8¢ 14 * Expanders
A K Negative Logic:
& | & 12=T72%3+5+6+7+8+ 14+ Expanders
Al | |&
<L GND
13 10 P
Total Power Dissipation = 15 mW typ/pkg
Propagation Delay Time = 18 ns typ
SERIES INPUT LOADING FACTOR (Ig) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC506 15 MCS500 series Gates (20 mA) o o
MCS56 1 (=1.33mA) | 5 MC500 series Gates (10 mA) —559C to +125°C
MC406 12 MCA400 series Gates (20 mA) o 0,
MCa56 ¥ (166 mA) | 5 MCa00 series Gates (10 mA) 09 1o +75°C

SWITCHING TIME TEST CIRCUIT

VOLTAGE WAVEFORMS AND DEFINITIONS

Vee
TPin +5.0 v
R *
+3.0V
ov I | MC511 OR
EQUIV
PRF = 1.0 MHz typ cT 1N3605 OR
PW = 200 ns "15 EQuUIV
t=5.0ns P
tf=5.0ns | L
. +3.0 V
NOTES: A TPout

Rg = 50 ohms X

CT = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF

Expander pins should be left open when
measuring switching times.

*MC506 — 2609
MC556 — 5700
MC406 — 3300
MC456 — 660
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TEST CONDITIONS
ELECTRICAL CHARACTERISTICS 1‘1‘ mA Volts
Test procedures are shown for only one in- § 12 @ Test lo, lon 1 v lv v. vl v v lv v
put of the gate. The other inputs are tested g Temperature [ p~ [ std | Pr | Std| ™| ™| ™| R | th?| tho| Tew| Tec| TccH ) TIHX
in the same manner.
s ; —55°C| 20 | 10 |-1.5(-0.7]|1.0{0.45| 2.8 | 4.5 | 2.0 | 1.0|5.5 | 5.0 - -
COHe?::;? 1% MC506*, MC556 { +25°C| 20 [ 10 [-1.5]-0.7]|1.0]0.45| 2.8 | 4.5 [ 1.7] 1.2(5.5 | 5.0{ 8.0 | 3.0
+125°C| 20 | 10 |[-1.5[-0.7]1.0/0.45| 2.8 | 4.5 | 1.4/ 0.9(5.5 | 5.0] - -
0°C] 20 | 10 |-1.2|-0.6/1.0]/0.45| 3.0 | 4.5 | 1.9 | 1.1|5.5 | 5.0| - -
MC406*, MC456 { +25°C| 20 | 10 |-1.2{-0.6|1.0/0.45[3.0| 4.5 [1.8|1.2(55[5.0|7.0 |30
+75°C| 20 | 10 |-1.2|-0.6|1.0[0.45[3.0| 4.5 [ 1.7]1.1]5.5 | 50| - -
Pin | MCS506, MCS56 Test Limits | MC406, MC4S6 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS. LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min| Max | Min | Max | Min ] Max | Min | Max | Min] Max | Min[Max] Unit |  lou l fow | ln{ Vu TVIH’ Vi |v0hllvfh0-]voul Vcclvccu[ Viax | 6nd
Input
Forward Current IF 1 - |-1.33] - [-1.33] - |-1.33| - |-1.66| - |-1.66] - [-1.66/mAdc - - - - - 23,56 - - - 4 - - 1,10
7,8,14
Leakage Current I 1 - fwo]| - o] - |10 ]| -|10]| -]10]| - |100]pAde - - - - - 1 -l -1 - 4 - - 2,3,5,6,7,
8,10,14
Inverse Beta Current IL 1 - 100 - 100 - 100 - 100 - | 100 - 100 | pAdc - - - - - 1 - - - 4 - - 10
Breakdown Voltage Bvin ngr 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vde - - 1 - - - - - - 4 - - 10
BV, v | 1 [8.5) - [85f - |55] - [85[ - [55] - |55 - [vde - - 1| - - - -] - 4 - - |2,3,5,6,7,
b 8,10,14
Output
Output Voltage Voaror | 12| - |0-45| - [0.45] - Jo.as| - jo.45) - l0.45] - [0.45| Vac 12 - -] - - - |- - 4 - - 10
Voutrir | 12 | 25| - |%4| - 27| - [25] - |Z4] - [25] - | Vac = 12 [ - = = 1 - 7] = T 10
Leakage Current I 12 | - |250 | - [250 | - [250 [ - [250 | - [250 | - [250 | nAdc - - -1 - - - - -T2 ] 4 - - 1,235,
OLK
7,8,10,14
Short-Circuit Isc 12 | -10|-45 |-10|-45 |-10|-45 [ -10| -45 | -10|-45 | -10[-45 [mAdc - - -] - - - - - - 4 - - 11,2,3,5,6,7)
Current 8,10,12,14
Output Voltage VoL 12 | - |0.40| - [0.40| - [0.45 | - fo.40] - [0.40] - [0.45( vdc 12 - - - 1 - - - 4 - - 10
Vou 12 |2.8]| - |3.2| - |3.85] - |3.0] - |8.1] - |3.15] - | vdc - 12 B - - - - ] M - 10
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 10 - - - - - 10 - - |mAdc - - - - - - - - - - 4 - 1,10
Supply Current
Power Supply Drain IPDH 4 - 60| - | 6.0 - | 6.0 - 175 - 1175 - | 1.5 |[mAdc - - - - - - - - - 4 - - 10
[— 4 30| - |30 - [30 ]| -[80] - 30 - |3.0|mAde - N - B N - - 1 z - 1,10
Switching Parameters Pulse In_| Pulse Out
Turn-On Delay t 1,12 - - - 28 - - - - - 28 - - ns 1 12 - - - - - - - 4 - 2,3,5,6 10
. on
: 7,8,14
Turn-Off Delay to“ 1,12 | - - - 20 - - - - -1 2 - - ns 1 12 - - - - - - - 4 - 2,3,5,6 10
7,8,14
Rise Time tr 1,12 - - - 8.0 - - - - - | 8.0 - - ns 1 12 - - - - - - - 4 - 2,3,5,6 10
7,8,14
Fall Time t viz| - | - |- ]s0] -] - -l - -]s0] - -] ns 1 12 - - - - - -] - 1 - 2,358 10
7,8,14

* Prime Fan-Out.

t Add 3.0 ns for each AND expander (1/2 MC511, MC561, MC411,

Add 2.0 ns t‘pd for each pF added to either expander points.

and MC461) used.

(penunuod) g6y ‘907 IN/9SSOIN “90SIN



DUAL 4-INPUT “NAND” GATE

MC500 - MC550
MC400 - MC450

MTTL MC500/400 series

4.0k 3

-
WWN =

bounce.

[CINT TS ]

oo
10

-

ONOOT WN=W
_\%
-

This device consists of two 4-iﬁput NAND gates.
The gates can be cross-coupled to form a multiple-
input R-S flip-flop or a circuit for eliminating contact

.

Positive Logic:
12=T+2¢3+13
Negative Logic:
12=7+2+3+13

Total Power Dissipation = 30 mW typ/pkg
Propagation Delay Time = 10 ns typ

INPUT LOADING FACTOR

OUTPUT DRIVE

TEMPERATURE RANGE

SERIES (1) (o)
MC500. _ 15 MCS500 series Gates (20 mA) o o
MC550 ! (=1.33 mA) 7 MC500 series Gates (10 mA) —559C 10 +1250¢
MC400 12 MC400 series Gates (20 mA) o o
MCa50 1 (-1.66mA) | 5 MC400 series Gates (10 mA) 09 to:+750C

SWITCHING TIME TEST CIRCUIT

VOLTAGE WAVEFORMS AND DEFINITIONS

PRF = 1.0 MHz typ
PW = 200'ns

t = 5.
t = 5.

NOTES:

O ns
0 ns

Rg =50 ohms

Ct = the total parasitic capacitance which includes
probe, wiring and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF

Ground

inputs to all gates not under test.

TPout -

Vee

+5.0 V

R.*

MC511 OR
EQUIV

1N3605 OR

EQUIV

*MC500 — 2600
MC550 — 570 Q2
MC400 — 330Q
MC450 — 660 Q2
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ELECTRICAL CHARACTERISTICS

TEST CONDITIONS

13
Test procedures are shown for only one ;@-—12 mA Volts
gate. The other gate is tested in the same 3 1 1
manner. Further, test procedures are shown 5 @ Test oL OH RN voolve v Iy (v 1y v
for only one input of the gate under test. gg:)l,_" Temperature [ p* Tstd | Pr | Std| ™| | ™ R [ Yth1[Yiho| Your| Yec | YeeH | Yinx
;‘;iz‘i’r:';‘;:\e;z::s“"g' sequence through re- 9 —55°C[ 20 [ 10 [-1.5[-0.7]1.0[0.45| 2.8 | 4.5 | 20| 1.0 5.5 | 5.0] - -
: MC500%, MC550 § +25°C| 20 | 10 |-1.5}-0.7|1.0f0.45| 2.8 | 4.5 [ 1.7|1.2]5.5 | 5.0[ 8.0 | 3.0
+125°C| 20 | 10 |-1.5|-0.7/1.0{0.45| 2.8 | 4.5 | 1.4]0.9]5.5|5.0] - -
' 0°C| 20 | 10 |-1.2|-0.6|1.0{0.45|{3.0| 4.5 [ 1.9]1.1|5.5 | 50| - -
MC400*, MC450 { +25°C| 20 | 10 |-1.2|-0.6|1.0[0.45| 3.0 | 4.5 | 1.8 | 1.2(5.5 | 5.0| 7.0 | 3.0
+75°C| 20 | 10 |-1.2|-0/6|1.0]0.45[3.0| 4.5 | 1.7]1.1[5.5 |50/ - -
Pin MC500, MC550 Test Limits MC400, MC450 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min | Max | Min] Max | Min | Max | Min [ Max |Min [ Max | Min[Max| Unit | lou ] lou I i | Vi ! VmJ Ve Ivmlvmo Vour | Vee l Veeu l Viex | Gndt
Input
Forward Current I 1 - |-1.33] - |-1.33| - |-1.33] - |-1.66] - |-1.66] - |-1.66|mAdc - - - - - 12,313 - - -4 - - 1,10
Leakage Current lR 1 - 100 | - 100 - 100 - 100 | - 100 - | 100 | pAdc - - - - - 1 - - - 4 - - 2,3,10,13
Inverse Beta Current IL 1 - 100 | - 100 - 100 - 100 | - 100 - |100 | pAdc - - - - - 1 - - - 4 - - 10
Breakdown Voltage BVin"O" 1 5.5 - |55 - 5.5 - 5.5 - 5.5 - 5.5 - Vdc - - 1 - - - - - - 4 - - 10
BV, .| 1 |5.5]| - |5.5] - |55] - |55 - |5.6] - [5.5] - | vdc - - 1 - - - - - - |4 - - [2,3,10,13
in''l
Output
Output Voltage Vouwrnor| 12 | - |0-48] - [0.45] - [0.45| - |0.45| - |0.45| - [0.45| Vdc 12 - - - - - 1 - -] 4 - - 10
V | 12 |25 - |24 - |27 - |25 - |24 - |2.5] - | vdc - 12 - - - - - 1 -4 - - 10
out "1
Leakage Current lOLK 12 - 250 | - 250 - 250 - 250 | - 250 - ] 250 | pAde - - - - - - - - 12 4 - - 1,2,3,
10,13
Short-Circuit Ige 12 | -10| -45 |-10 [ -45 [-10 | -45 [ -10 | -45 [-10 [ -45 | -10 | -45 |mAdc - - - - - - - - - |4 - - 1,2,3,
Current 10, 12,13
Output Voltage VoL 12 | - |o.40] - Jo.40| - Jo0.45] - [0.40] - [0.40[ - ]0.45] vdc 12 - - - 1 - - - - |4 - - 10
Vou 12 2.8 - 3.2 - [3.35] - [30] - [31| - [315] - | vdc - 12 - 1 - N - - N - - 10
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 10 - - - - - 10 - - |mAdc - - - - - - - - - - 4 - 1,5,10
Supply Current
Power Supply Drain IPDH 4 - 12 - 12 - 12 - 15 - 15 - 15 | mAdc - - - - - - - - - 4 - - 10%
TopL 4 - |60] - ]60] - ]s60] - 160]-60] - |6.0]made - - - - - - - - - |4 - - 1,5,10
Switching Parameters Pulse In_| Pulse Out
Turn-On Delay ton 1,12 - - - 20 - - - - - 20 - - ns 1 12 - - - - - - - 4 - 2,3,13 10
Turn-Off Delay tost 1,12 - - - 2] - - - - -T2 - - | ns. 1 12 - - - - - - -] 4 - 2,313 10
Rise Time t. 12| - - - 80o] - - - - |- ]sof - - | ns 1 12 - - - - - - -] 4 - |23,13 10
Fall Time t 12| - - |- [s50]- - - - - 150 - - | ns 1 12 - - - - - - -] 4 - 23,13 10

* Prime Fan-Out.

T Ground inputs to gates not under test during ALL tests, unless otherwise noted.

1 The inputs of all gates must be ungrounded.

(Penunuod) OGHIIN ‘00FIN/0SSON “00SIN



EXPANDABLE 2-WIDE 4-INPUT
“AND-OR-INVERT” GATE

MC505 - MC555
MC405 - MC455

MTTL MC500/400 series

Scope rise time < 1.0 ns
Probe capacitance < 5.0

Expander pins should be left open when
measuring switching times.

pF

This device consists of two 4-input AND gates ORed
together and driving an output inverter. The ORing
nodes are available for expansion and up to 10 AND
gates can be ORed together using the MC509 or MC510
series expanders. Care should be taken to minimize

4 the amount of capacitance on the expander terminals
4 04 - . Lo e
10 Vee | in order to maintain switching speeds
2
3 o
y 3
7y
i > 4.0k
i
S4.0k 13k :' 10§ 3
4 : g0 12
A4 5
6
Yy 7
5 O 8
60 Emitter 13
7 0- 12 Collector 9
8 04 130
<
1.0ks W Positive Logic:
12=(1¢2¢3¢14)+ (5% 6+ 7 * 8) + (Expanders)
lGND Negative Logic:
10 12=(1+2+3+14) ¢ (5+6 + 7 + 8) » (Expanders)
Total Power Dissipation = 20 mW typ/pkg
Propagation Delay Time = 12 ns typ
SERIES INPUT LOADING FACTOR (Ig) OUTPUT DRIVE (loL) TEMPERATURE RANGE
MC505 _ 15 MCS500 series Gates (20 mA) o o
MC555 1 (=1.33mA) | 5 MC500 series Gates (10 mA) —559C to +125°C
McC400 _ 12 MCA400 series Gates (20 mA) o o,
MC450 ! (=1.66 mA) | "¢ \MC400 series Gates (10 mA) 09 to +750C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
1HX Vee
+3.0vV  TPin +5.0 V
RL*
MC511 OR
+3.0V, AR
ov Rg$ MC500
1 Mess0 1N3605 OR
PRF = 1.0 MHz typ Ler EQUIV
PW = 200 ns 15 pF
t=5.0ns I
t=5.0n
LI TPout
NOTES:
Rg = 50 ohms *MC505 — 2600 [ _.I L_ __l T GND
C = the total parasitic capacitance which includes MC555 — 570Q 8.0 ns 6.0 ns
probe, wiring, and load capacitances. MC405 — 330Q max max

MC456 — 660Q
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ELECTRICAL CHARACTERISTICS 4 TEST CONDITIONS
Test procedures are shown for only one in- ° 12 mA Volts
put of the device. To complete testing se- I 1
quence through remaining inputs in the  emiuw @ Test o OF 1 Vo [ Ve | Ve Vs Vino] Vaur| Vee | Veen | Vi
same manner. Temperature [ p* [d | pr | Std | " 1) Tthe Tout
—55°C| 20 | 10 |-1.5[-0.7(1.0[0.45( 2.8 | 4.5 | 2.0 | 1.0(5.5] 5.0] - -
MC505*, MC555 § +25°C| 20 | 10 |[-1.5}-0.7]1.0]0.45| 2.8 | 45 | 1.7]1.2|5.5 | 5.0| 8.0 | 3.0
+125°C| 20 | 10 |-1.5[-0.7/1.0[0.45| 2.8 | 4.5 | 1.4 |0.9[5.5 | 5.0] - -
0°C| 20 | 10 |-1.2|-0.6{1.0[0.45({ 3.0 4.5 | 1.9| 1.1(5.5 | 5.0 - -
MC405*, MC455 { +25°C| 20 | 10 [-1.2]-0.6(1.0(0.45[ 3.0 4.5 | 1.8] 1.2[5.5 [ 5.0] 7.0 | 3.0
+75°C| 20 | 10 |-1.2{-0.6[1.0]|0.45]3.0| 4.5 [ 1.7|1.1{55]5.0] - -
Pin | MC505, MCSSS Test Limits | MC405, MCASS Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min| Max | Min | Max | Min ]| Max | Min [ Max | Min| Max | Min | Max| Unit loo I lou |'i.. \ lvml Ve jvmlvmo Vou VCC]VCCHI Viex | Gnd
Input
Forward Current IF 1 - [-1.33] - |-1.33] - (-1.33] - |-1.66| - [|-1.66f - }1.66|/mAdc - - - - - 12,3,14| - - - 4 - - 1,5,6,7,
0
)
Leakage Current I 1 - Jwo| - 1o - [1w0o| - J1o0 ] - {100 - [100 | pAde - - -1 - - 1 - -] -] 4 - - [2,3,5,6,1,
. 8,10,14
Inverse Beta Current IL 1 - 100 - 100 - 100 | - 100 - | 100 - | 100 | pAdc - - - - - 1 - - - 4 - - 5,6,7,8,10
Breakdown Voltage BVin"O" 1 5.5 =~ 5.5 = 5.5 - |55 - 5.5 =~ 5.5 - Vdc - - 1 - - - - - - 4 - - 5,6,7,8,10
BV, wqn| 1 |55| - |55] - |55] - |5:5] - |55] - |58 - | vac = = T - z n = - [ 4 = — 12,3,5,6,1,
8,10,14
Output
Output Voltage Voutvor | 12 | - [0.48] - |0.45] - | 0.45| - [0.45| - |0.45]| - [0.45[ vdc 12 - - - - - 1 -l -] 4 - - |5,6,7,8,10
Vogran | 12 [2.5] - |%4] - [27[ - |2.5] - |24 - |25 - | vde - 12 - - - - T - | 4 - = 15,6,1,8,10
Leakage Current oLk 12 | - [250| - [250] - [ 250 - [250 | - [250 | - [250 [paAde - - -] - - - - 2] 4 - - [1,2,3,5,6,
7,8,10,1
Short-Circuit Isc 12 [-10]-45 [-10] -5 [ -10 -45 [-10 [ -45 [-10]-45 |-10[-45 |maAdc - - -1 - - - - -1 -1 - - [1,2,3,5,8,
Current 7,8,10,
12,14
Output Voltage VoL 12 | - [o.40] - [o.40] - [o0.45] - Jo.40| - Jo.40] - Jo.45] vdc 12 - -1 - 1 - - -1 -] - - |5,6,7,8,10
Von 12 [2.8] - |3.2] - [3.35 - [3.0] - [3.1] - [3.15] - | vac = 2 1 5 . B - | 4 = = [5,6,7,8,10
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 10 - - - - - 10 - -~ |mAdc - - - - - - - - - - 4 - 1,2,3,5,6,
Supply Current 7,8,10,14
Power Supply Drain IPDH 4 - |70 - [7O0]| - 7.0 - 9.0 - (9.0 - |9.0 |mAde - - - - - - - - - 4 - - 10
TopL 1 S [Ee[ - A0 - [ 40| - [40 [ - [&0[ - [4.0 [mAde B B | - - - B -2 - = [1,2,3,5,6,
7,8,10,14
Switching Parameters Pulse In | Pulse Out
Turn-On Delay on 1,12 - - - 22 - - - - - 22 - - ns 1 12 - - - - - - - 4 - 2,3,14(5,6,7,8,10
Turn-Off Delay tose 12 - - |- 2] - - -0 - -le2 ] -] - ns 1 12 -] - - - - -1 -] 4 - |2,3,14]5,6,7,8,10
Rise Time t 2 -] - f-]so]-]-|-1]- - ]80f - | - ns 1 12 -] - - - - - -] 4 - | 2,3,14]5,6,7,8,10
Fall Time t 1,2 [ - | -] -]s60] - - - - - 16.0] - - | ns 1 12 -1 - - - - -1 -] 4 - | 2,3,14] 5,6,7,8,10

* Prime Fan-Out

(Panunuod) GGHIN ‘GOYIN/SSSOIN ‘SOSIN



TRIPLE 3-INPUT “NAND" GATE

MTTL MC500/400 series

MC512 - MC562
MC412 - MC462

This device consists of a 3-input AND gate driving
?, an output inverter. This gate can be used to build a
‘ VCCI pulse shaping network for interfacing with discrete
| I3 component circuits.
4.0k 1.3k3 100 100 313k 240k
1 , 6
2 7
3 8 1
2 5
3
.5 9 6
4 7 9
8
s L
1.0k 3 2 1.0k 11
12 14
13
Positive Logic: 5=1¢2¢3
100 Negative Logic: 5=1+ 2+ 3
11
12
13
14
Total Power Dissipation = 45 mW typ/pkg
Propagation Delay Time = 10 ns typ
10
O
GND
SERIES INPUT LOADING FACTOR (1) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC512 _ 16 MC500 series Gates (20 mA) o o
MC562 1 (=1.33 mA) 7 MCB50O series Gates (10 mA) —859C to +125°C
Mca12 12 MCA40O0 series Gates (20 mA) o o
MC462 1 (=166 mA) | "5 MC400 series Gates (10 mA) 09 to +759C

SWITCHING TIME TEST CIRCUIT

VOLTAGE WAVEFORMS AND DEFINITIONS

3%
+5.
TPin
RL*
+3.0 vV
ov JL MC511 OR
EQUIV
1N3605 OR
PRF = 1.0 MHz typ == CT EQUIV
PW = 200 ns 15 pF
t, =5.0ns
tf=5.0 ns =
+3.0 TPout
NOTES:

Rg = 50 ohms

*MC512 — 260Q

Ct = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF

Ground inputs to all gates not under test.

MC562 — 5700
MC412 — 330Q
MC462 — 6600

8.(t)rns — |——

max
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ELECTRICAL CHARACTERISTICS

TEST CONDITIONS

1
=
Test procedures are shown for only one 3 mA Volts
gate. The other gates are tested in the same 6 ] 1
manner. Further, test procedures are shown 3 9 @ Test oL OH Lbove lve b v v v v v |y v
for only one input of the gate under test. " Temperature [ pr* [ std | Pr ] Std | ™| ™| ™| "R | th?| tho] Teur| Tec TCCH | TIHX
:“:i:"?:;‘::‘e;ztt:“'"g' sequence through re- 1%330—14 ( —s55°c[ 20 [ 10 [-1.5]-0.71.0]0.45] 28| 45 [ 2.0 1.0]5.5 | 5.0] - B
. MC5127, MC562 § +25°C| 20 | 10 [-1.5}-0.7]1.0]0.45] 28| 4.5 [ 1.7| 1.2|5.5 | 5.0[ 8.0 | 3.0
‘ +125°C| 20 | 10 |-1.5|-0.7]|1.0[0.45| 2.8 ! 4.5 | 1.4 0.9 (5.5 | 5.0] - -
0°C| 20 | 10 |-1.2|-0.6]|1.0[0.45| 3.0 4.5 | 1.9 1.1[5.5|5.0[ - R
MC412*, MC462 | +25°C[ 20 | 10 |-1.2{-0.6{1.0]|0.45] 3.0 4.5 | 1.8 | 1.2|5.5 | 5.0 7.0 | 3.0
+75°C| 20 | 10 |-1.2]-0.6]1.0{0.45]{3.0| 45 [1.7] 11|55 50| - -
Pin | MC512, MCS62 Test Limits | MC412, MCA62 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min| Max | Min [ Max | Min] Max | Min ] Max |Min [ Max | Min Max]| Unit | o | lon hn | Vi | Vin l Vi f Vi1 ‘Vrho Vour Vccl Veen J Vinx | Gndt
Input
Forward Current Ip 1 - |-1.33) - |-1.33] - |-1.33| - [-1.66| - |-1.66[ - |-1.66| mAdc - - -1 - -l 23] -] - |- 4 - - 1,10
Leakage Current Iy 1 - |10 - [100] - [100 | - [100 ]| - [100 | - [100]pAde - - -] - - 1 -1 -1 - 4 - - 2,3,10
Inverse Beta Current IL 1 - 100 - 100 - 100 - 100 - | 100 - 100 | wAdc - - - - - 1 - - - 4 - - 10
Breakdown Voltage va e 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vde - - 1 - - - - - - 4 - - 10
BV, wqn| 1 |55] - |5:5] - |558] - |55] - |55] - [5.5] - | vdc - B T - B - 1 - | - 7 - - 2,3,10
Output
Output Voltage Voron | 8 - |o.45/ - |o0.45) - |o0.45| - |0.45| - [0.45| - |0.45 vde 5 - - - - - 1] -] - 4 - - 10
Voarin | 8 |28 - |Z4] - |27] - [%5] - |24 - [2.5] - [ Vde - 5 R - - - 1| - 1 - - 10
Leakage Current IOLK 5 - 250 - | 250 | - | 250 - 1250 | - [250 | - | 250 | uAdc - - - - - - - - 5 4 - - 1,2,3,10
Short-Circuit Isc 5 |-10] -45|-10| -45 [ -10| -45 | -10 | -45 | -10| -45 | -10 | -45 | mAdc - - -] - - - -l -] - 4 - - 1,2,3,
Current s 5,10
Output Voltage Vor 5 - |o.40] - [o0.40] - [0.45] - |o0.40[ - |0.40| - |0.45| vdc 5 - - - 1 - - - - 4 - - 10
Vou 5 |2.8| - |3.2] - |3.35] - [3.0] - |3.1] - [3.15] - [ Vde - 5 - 1 - - - -1 - 4 - - 10
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 15 - - - - - 15 - - | mAdc - - - - - - - - - - 4 - 1,6,10,11
Supply Current
Power Supply Drain IPDH 4 - 18 - 18 - 18 - |22.5] - |22.5| - |22.5 mAdc - - - - - - - - - 4 - - 104
Ippr, 4 - 9.0 - 9.0 - 9.0 - 9.0 -[9.0] - ]90[mAde - - - - - - - - - 4 - - 1,6,10,11
Switching Parameters Pulse In | Pulse Out
Turn-On Delay on 1,5 - - - 20 - - - - - 20 - - ns 1 5 - - - - - - - 4 - 2,3 10
Turn-Off Delay off 1,5 - - - 20 - - - - - 20 - - ns 1 5 - - - - - - - 4 - 2,3 10
Rise Time tr 1,5 - - - | 80| - - - - - 180 - - ns 1 5 - - - - - - - 4 - 2,3 10
Fall Time [ 1,5 | - - -[50] -] - | - [ -[50] -] - [ ns 1 5 - - - - B I 1 - 2,3 10

* Prime Fan-Out

t Ground inputs to gates not under test, during ALL tests unless otherwise noted. i The inputs to all gates must be ungrounded.

(Penunuod) ZgpIN ‘2LYIN/Z9SON ‘ZLSON



EXPANDABLE 3-WIDE 3-INPUT
‘ “AND-OR-INVERT” GATE

MTTL MC500/400 series

MC504 - MC554
MC404 - MC454

This device consists of three 3-input AND gates
ORed together driving an output inverter. The common
ORing nodes are available for expansion, and up to
10 AND gates can be ORed together using the MC509
or the MC510 series expanders. Care should be taken
13 a to minimize the amount of capacitance on the ex-
? TVcc pander terminals in order to maintain switching
1
2 speeds.
3 1.3k 100
50-¢
60 .
70__\_/ ]
s 2
3
5
*0kd 40K _|< 6 12
12
8
9
1
4.0k L Coll 13
31.0k Emitter 14
8
9
1" o GND
14 10 Positive Logic:
12={122+3)+(5+6+7) +(8+9 «11) + (Expanders)
Negative Logic:
12=(1+2+3)*(5+6+7) ¢ (8+9+11) ¢ (Expanders)
Total Power Dissipation = 256 mW typ/pkg
Propagation Delay Time = 12 ns typ
SERIES INPUT LOADING FACTOR (g OUTPUT DRIVE (loy) TEMPERATURE RANGE
MC504 _ 15  MCS500 series Gates (20 mA) o o
MC554 ! (=1.33mA) | 5 \MC500 series Gates (10 mA) —559C to +125°C
Mca404 12 MCA400 series Gates (20 mA)
MCa54 1 (=1.86 mA) | "6 MC400 series Gates (10 mA) 09 to +75°C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHx Vee
+3.0v  TPin +5.0 vV
RL*
+3.0 V| MC511 OR
oV Lo EQUIV
Mcsso 1N3605 OR
PRF = 1.0 MHz t
PW=200ns ~CT Eauiv
t =5.0ns 15 pF
tf=5.0ns —;- &
NOTES: TPout

Rg = 50 ohms

C = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF

Expander pins should be left open when
measuring switching times.

*MC504 — 26002
MC554 — 5700
MC404 — 330Q
MC454 — 660Q
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ELECTRICAL CHARACTERISTICS

TEST CONDITIONS

mA Volts
Test procedures are shown for only one in- \ @ Test | 1
: " oH
put of the device. To complete testing se- H o ! v, |V Vo [VaiiVinol Vaur|l Vee! V, \/
S N 0 n i w | Y| YR [Yeh1|Yiho| Your| Yec Yeen | Vimx
quence through remaining inputs in the s " Temperature | pr* ['sed [ Pr [ Std | " o
same manner. 7 —55°C[ 20 | 10 [-1.5[-0.7|1.0|0.45[ 2.8 | 4.5 | 20| 1.0(5.5| 50| - -
8
2 MC504", MC554 < +25°C[ 20 | 10 [-1.5}-0.7{1.0]0.45( 2.8 | 4.5 [ 1.7]1.2(5.5 | 5.0] 8.0 | 3.0
Catector 12 +125°C| 20 | 10 [-1.5/-0.7{1.0[0.45]| 2.8 | 4.5 | 1.4]0.9]5.5 | 5.0] - -
0°C{ 20 | 10 |-1.2/-0.6[1.0/0.45| 3.0 45 | 1.9|1.1]5.5]|50] - -
MC404", MC454 { +25°C| 20 | 10 |-1.2|-0.6/1.0|0.45|3.0| 4.5 | 1.8 |1.255 |5.0[7.0 |30
+75°C| 20 | 10 |[-1.2]-0.6[1.0]0.45]3.0] 4.5 | 1.7]1.1]55]|50] - -
Pin | MC504, MC554 Test Limits | MC404, MCASA Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min] Max | Min | Max | Min | Max | Min | Max | Min | Max | MinMax| Unit | lou l low || Va l le A Whllv”\o Vour Vcc‘ Vccn| Viux | Gnd
Input
Forward Current Ig 1 - |-1.33) - |[-1.33 - |-1.33| - |-1.66| - |-1.66| - [-1.66| mAdc - - - - - 2,3 | - - - ] - - - [1,5,6,1,8,
9,10,11
Leakage Current Iy 1 - {100 - [100] - | 200] - |100 | - |100]| - [100]| pAde - - -l - |- 1 - -] e - - 12,3,56,7,
8,9,10,11
Inverse Beta Current IL 1 - 100 | - 100| - 100 | - 100 - | 100 - | 100 | pAdc - - - - - 1 - - - 4 - - 5,6,7,8,9,
10,11
Breakdown Voltage |BV. ,.o.| 1 |55| - [55]| - [s5] - [565| - [6.5] - |55 - [ vde - - - - - - - -] e - - |s,6,7,89,
in"0 10,11
BV, wo| ! |85[ - [85| - f5.5] - [55[ - |55 - [55 - | vde - - |- |- - - - -] - - 12,3,5,6,7,
n 8,9,10,11
Output
Output Voltage v oo | 12 | - |o.45] - |o0.45| - |o0.45] - |0.45[ - |0.45] - |0.45| vdc 12 - - -] - - 1 N - - 15,6,7,8,9,
out "0’ 10,11
Vourrre | 12 |25] - [24] - |2l - (2.5 - f2.4) - 25] - | Vde - 12 - - - - - 1] - |4 - - 5,;3,1,31,9,
Leakage Current ok 12 | - [250| - | 250 - | 250 - [250 | - [250| - [250]| pAdc - - -1 - - - - ERETE R - - [1,2,3,5,8,
7,8,9,
10,11
Short-Cireuit Lo M2 |-10| -45 | -10| -45[-10| -45 [ -10| -45 | -10| -45 | 10| -45 | mAdc - - -0 -] - - - - -] e - - 11,2,3,5,6,
Current 1,8,9,10,
11,12
Output Voltage VoL 12 | - |o.40] - |o0.40 - |045[ - |o0.40| - [0.40| - [0.45| vdc 12 - - -] - - -1 - e - - 156,789,
10,11
v 12 |2.8| - [3.2] - 3385 - [3.0]| - [3.1] - [3.15] - [ vde - 12 -1 - - - N N - - 156789,
OH 0,11
Power Requirements
(Total Device)
Maximum Power Lnax 4 - - - 10| - - - - - 10 - - | mAdc - - - - - - - - - - 4 - 1,2,3,5,6,
Supply Current 7,8,9,
10,11
Power Supply Drain IopH 4 - 80| - 8.0 - 8.0 - 10 - 10 - 10 | mAdc - - - - - - - - - 4 - - 10
opL 4 60| - | 60] - |60]| - |60] -]60]| -]6.0[made N - [ I - B E I A B B 1%,3,3,5,
,8,9,
10,11
Switching Parameters Pulse In_| Pulse Out
Turn-On Delay t 1,12 - - - 22| - - - - - 22 - - ns 1 12 - - - - - - - 4 - 2,3 |5,6,7,8,9,
on 10,11
Turn-Off Delay togt 1,12 - - - 22 - - - - - 22 - - ns 1 12 - - - - - - - 4 - 2,3 |5,6,7,8,9,
10,11
Rise Time t. 1,12 - - - 8.0 - ~ - - - 80| - - ns 1 12 - - - - - - - 4 - 2,3 |5,6,7,8,9,
10,11
Fall Time t 2| - | - |- ]s60f- - -] - -leo] - | - ns 1 12 -1 - - - - - - 14 - 2,3 | 56,7,8,9,
10,11

* Prime Fan-Out

(penunuod) 6N ‘YOYIW/YSSIN “YOSON



QUAD 2-INPUT “NAND” GATE

MTTL MC500/400 series

MC508 - MC558
MC408 - MC458

This device consists of four 2-input NAND gates.
a The four gates in a single package represent increased
Vee functional flexibility. For example, a dual set-reset flip-
? o | flop may be obtained if each pair of gates is externally
< <
40k3 13k3 100 100 $1.3Kk 340k cross-coupled.
1 p 5
2 6
1
3
3 7 2
1 r 5
7
1.0k $1.0k 6
° 8
11
9
S 12 14
< <
100 100 313k 340k 13
’ 12
13 Positive Logic: 3= 1
Negative Logic: 3=1+ 2
1M 14
$1.0k Total Power Dissipation = 60 mW typ/pkg
. Propagation Delay Time = 10 ns typ
OGND
10
SERIES INPUT LOADING FACTOR (1g) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC508 _ 15 MC500 series Gates (20 mA) o o
MC558 1 (=1.33 mA) 7 MC500 series Gates (10 mA) —55°C to +125°C
MCa08 12 MCA40O0 series Gates (20 mA) o o,
MC458 1 (=1.86mA) | "5 MCa00 series Gates (10 mA) 09 to +750€
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
Vee
+5.0 V
R*
+3.0V
ov —r—L- MC511 OR
EQUIV
oT 1N3605 OR
PRF = 1.0 MHz typ == EQUIV
PW = 200 ns 15 pF
t=5.0ns
tf=5.0ns =
+3.0 VvV TPout
NOTES:
Rg = 50 ohms *MC508 — 260 Q
Ct = the total parasitic capacitance which includes MC558 — 570Q
probe, wiring, and load capacitances. MC408 — 3300
Scaope rise time < 1.0 ns MC458 — 660Q
Probe capacitance < 5.0 pF
Ground inputs to all gates not under test.
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ELECTRICAL CHARACTERISTICS 1 TEST CONDITIONS
Test procedures are shown for only one 2 _—_D’—3 mA Volts
gate. The other gates are tested in a similar | |
5 @ Test oL OH
manner. Further, test procedures are shown 2 Lol Vi | Vin | Ve |Vin1|Vino! Vour| Ve | Veen | Vinx
for only one input of the gate being tested. 6 Temperature [ pi* [ std | pr* | Std
The other input is tested in the same man- 8 —55°C| 20 | 10 |-1.5[-0.7|1.0|0.45| 2.8 | 4.5 | 2.0| 1.0 {5.5 | 5.0| - -
ner,
r ° " MC508", MC558 § +25°C| 20 | 10 |-1.5}-0.7|1.0[0.45| 2.8 | 4.5 | 1.7 |1.2|5.5 | 5.0| 8.0 | 3.0
12 +125°C| 20 | 10 |-1.5|-0.7|1.0|0.45| 2.8 | 4.5 | 1.4]0.9|5.5 | 5.0| - -
13 14 0°C| 20 [ 10 [-1.2]-0.6[1.0[0.45[ 30 a5 | 1.0]1.1]55]5.0] - B
MC408", MC458 { +25°C| 20 | 10 |-1.2(-0.6(1.0[0.45|3.0 | 4.5 | 1.8 1.2(5.5 [ 50| 7.0 |3.0
+75°C| 20 | 10 |-1.2]|-0.6|1.0/0.45|3.0| 4.5 [ 1.7|1.1/5.5|5.0] - -
Pin | MCS08, MCS58 Test Limits | MC408, MCAS8 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | —55°C +25°C | +125°C 0°C +25°C | +75°C -
Characteristic Symbol | Test | Min [ Max| Min| Max | Min] Max | Min | Max | Min] Max | Min[Max| Unit [ ot r low [lin[ \ IVIHTVR [Vm—]vmo Vour Vccl Vccul Viex |  Gndt
Input
Forward Current IF 1 - |-1.33] - |-1.33] - |-1.33| - |-1.66| - ([-1.66] - |-1.66/mAdc - - - - - 2 - - - 4 - - 1,10
Leakage Current IR 1 - 100 - 100 - 100 - 100 - 100 - 100 | pAde - - - - - 1 - - - 4 - - 2,10
Inverse Beta Current lL 1 - 100 - 100 - 100 - 100 - 100 - 100 | pAdc - - - - - 1 - - - 4 - - 10
Breakdown Voltage BVin"O" 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vdc - - 1 - - - - - - 4 - - 10
BV, y.] 1 |55 - [55] - |55 - [55] - [55] - [55] - | vde B - T B - - - - - 1 - - 2,10
Output
Output Voltage Voo | 3 - ]0o.45| - |0.45| - |0.45 | - fo.45| - |0.45] - |0.45] vdc 3 - - - - - 1 - - e - - 10
Vg 3 2.5 - 2.4 - 2.7 - 2.5 - 2.4] - |25 - Vde - 3 - - - - - 1 - 4 - - 10
out "1
Leakage Current oLk 3 - fes0 | - |2s0 | - [250 | - [250 | - |250 | - |250 |pAdc - - - - - - - - 3 4 - - 1,2,10
Short-Circuit Igc 3 |-10]|-45 | -10|-45 | -10|-45 | -10 |-45 [-10| -45 [-10 | -45 [mAdc - - - - - - - - - 4 - - 1,2,3,10
Current
Output Voltage Voo 3 - |o.40| - |0.40f - [0.45| - [0.40| - [0.40| - [0.45| Vdec 3 - - - 1 - - - - 4 - - 10
Vou 3 |28 - [3.2| - [3.85] - [30] - [81| - [3.15] - | Vde - 3 - 1 - N - - - q B - 10
Power Requirements
(Total Device)
Maximum Power I 4 - - - 20 - - - - - 20 - - |mAdc - - - - - - - - - - 4 - 11,5,8,10,12
max
Supply Current
Power Supply Drain lPDH 4 - 24 - 24 - 24 - 30 - 30 - 30 [mAdc - - - - - - - - - 4 - - 10%
[ 4 S| 12 | - |12 | - |12 ] - [12 [ - | 12 [mAde - - - - - - - - - 4 B = |1,5,8,10,12]
Switching Parameters Pulse In | Pulse Out
Turn-On Delay ton 1,3 - - - 20 - - - - - 20 - - ns 1 3 - - - - - - - 4 - 2 10
Turn-Off Delay Lot 1,3 | - - - 20 |- - - - - 20 | - -~ | ns 1 3 B - - - - - - 1 - 2 10
Rise Time t 5,3 | - B N EXEEE - B B 80 - - | ns 1 3 B - - - B - - 1 - 2 10
Fall Time 4 1,3 - - - 150 - |- - - - | 50] - - ns 1 3 - - - - - - - 4 - 2 10

* Prime Fan-Out.
T Ground inputs to gates not under test, during ALL tests unless otherwise noted.
1 The inputs to all gates must be ungrounded.

(panunuod) gGZIN “‘80¥IN/8SSOIN “80GOIN



EXPANDABLE 4-WIDE
2-2-2-3 INPUT

MTTL MC500/400 series

“AND-OR-INVERT” GATE

MC501 - MC551
MC401 - MC451

(o]
14
1
2
3

This device consists of three 2-input and one 3-input
AND gates internally ORed together and then inverted
to provide the output. The common ORing nodes are
available for expansion and up to 10 AND gates can
be ORed together using the MC509 and the MC510
series expanders. Care should be taken to minimize
the amount of capacitance on the expander terminals
in order to maintain switching speeds.

b4.0k 14
{1 4.0k _{ 1
2
4.0k 1
3
4.0 k1 11
5
H 6
1.0 k 7
8
7
8 g °
9 o GND Emitter 13
13 10 Collector 12
Positive Logic:
11=(141)+(2¢3)+ (59 6)+ (7 » 8 ¢«9) + (Expanders)
Negative Logic:
11=(14+1) ¢ (2+3) ¢ (5+6) ¢ (7 +8+9) * (Expanders)
Total Power Dissipation = 30 mW typ/pkg
Propagation Delay Time = 12 ns typ
SERIES INPUT LOADING FACTOR (1) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC501 15 MC500 series Gates (20 mA) o 0,
MC551 ! (=133 mA) | 75 MC500 series Gates (10 mA) —550C 10 +125°C
MC401 12 MCA400 series Gates (20 mA) o o
MCas1 ! (~1.66 mA) | "5 MC400 series Gates (10 mA) 09 10 +759C

SWITCHING TIME TEST CIRCUIT

VOLTAGE WAVEFORMS AND DEFINITIONS

PRF = 1.0 MHz typ

PW =200 ns
t,=5.0ns
tf=5.0ns

NOTES:
Rg = 50 ohms

Ct = the total parasitic capacitance which includes
probe, wiring and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 6.0 pF

} Vee
in +5.0V

R *

::CT
15 pF

TPout

Expander pins should be left open when
measuring switching times.

MC511 OR
EQUIV

1N3605 OR
EQUIV

*MC501 — 2602
MC551 — 570 Q
MC401 — 330Q
MC451 — 660Q2

ol L Log
8.0 ns— — 6.0 ns
max max
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TEST CONDITIONS

mA Volts
ELECTRICAL CHARACTERISTICS " ‘ '
K @ Test oL OH
2
Test procedures are shown for one input : Temperature [ 5 T5g | Pr | 514 Lol Vie ! Vin | Ve | Vin1|Vino| Vour| Yee | Yeen | Vinx
of the device. To complete testing, se- . " Pr*|Std | Pr'| St
quence through remaining inputs in a simi- 6 —55°C| 20 | 10 |-1.5|-0.7[1.0|0.45| 2.8 | 4.5 | 20| 1.0(5.5 | 5.0] - -
lar manner. é MC501%, MC551 § +25°C| 20 | 10 [-1.5}-0.7]1.0]0.45] 2.8 | 45 [ 1.7]1.2]5.5 | 5.0|8.0 |30
e 13 +125°C| 20 | 10 |-1.5/-0.7|1.0]0.45|2.8| 4.5 | 1.4]0.9(55|50] - -
Shector 13
‘ 0°C} 20 | 10 [-1.2]-0.6(1.0[0.45[3.0| 4.5 | 1.9| 1.1|5.5|5.0] - -
MC401*, MC451 l +25°C{ 20 | 10 |-1.2]-0.6/1.0[0.45|3.0| 4.5 | 1.8|1.2(5.5]| 50|70 |30
+75°C| 20 | 10 |-1.2]-0.6[1.0[0.45|3.0| 45 | 1.7|1.1|5.5|5.0] - -
Pin | MCS01, MCSST Test Limits | MC4O01, MCAST Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min [ Max | Min | Max Min | Max | Min | Max | Min | Max | Min| Max| Unit loy | lon | Vi [Vm[ Vi |levmo Vou Vcc)Vccn| Viux | Gnd
Input 1
Forward Current I 1 - tro33| - 33| - |1.33] - |-1.66| - |-1.66| - |-1.66/mAdc - - - - S| 14 e - - [1,2,3,5.6.7
8,9,10
Leakage Current IR 1 - 100 - 100 - 100 - 100 | - 100 - 100 | pAdc - - - - - 1 - - - 4 - - 2.3.5,6.7,8
9,10,14
Inverse Beta Current IL 1 - 100 - 100 - 100 - 100 | - 100 - 100 | pAdc - - - - - 1 - - - 4 - - 2,3.5,6.7,
8.9,10
Breakdown Voltage |BV. ... | 1 [55| - [5.5| - |5.5| - |[5.5] - [5.5] - |55 - | vde - - 1] - - - N - - 2,3.5,6,
in"0
7,8,9,10
BV, .| 1 |85 - [85[ - |5.5) - |s5| - |55 - [55) - | Vd - - 1 - - - R - - 2,3,5.6,
m 7,8,9,10,14
Output
Output Voltage v ool 11 ] - fo4s| - Joas| - lo.45 | - |o.a5| - |0.45| - [0.45| Vdc 11 - -] - - - P I I 1 - - 123,567,
out "0 891
Voep | 10 28] - fza| - et -2 | - a4 - j2s) - | Ve - 11 - - - - B T - - 12,3,5.6,7,
8,9,10
Leakage Current ok 11 | - 250 | - [250 | - 250 | - |250 | - |250 | - [250 |pAdc - - - - - - R T - - ]1,2.3.5.6,7,
8,9,10,14
Short-Circuit Ig 11 |-10 |-45 |-10 |-45 |-10 [-45 |-10 |-45 |-10 |-45 |-10[-45 [mAdc - - - - R N I R R = [1,2,3,5,6,
Current c 78,9,
10,11,14
Output Voltage v 11 | - |0.40 | - Jo.40| - Jo.45 | - Jo.40| - [0.40| - [0.45] vdc 11 - |- 1 - N N R - - 12,3567,
oL 8.9,10
v 1 |28 - [3.2] - [3.35] - [30] - [31| - [3.15) - | vde - 11 Y - - - - - 12,3567,
OH
8,9,10
Power Requirements
(Total Device)
Maximum Power I 4 - - - 12 - - - - - 12 - - |mAdc - - - - - - - - - - 4 - 1,2.3,5,6,
Supply Current max 7.8,9,10,14
Power Supply Drain IPDH 4 - |9.0 - 9.0 | - 9.0 | - 11 - 11 - 11 [mAdc - - - - - - - - - 4 - - 10
i 1 175 ] - 75| - | 75| - | 75]- 75| - |15|mAdc B - - B - N B I ] B T [1,2,35.6,
PDL 7,8,9,10,14
Switching Parameters Pulse In | Pulse Out
Turn-On Delay 'on 1,11 - - - 23 - - - - - 23 - - ns 1 11 - - - - - - - 4 - 14
Turn-Off Delay ‘off 1,11 - - - 238 - - - - - 23 - - ns 1 11 - - - - - - - 4 - 14
Rise Time tr 1,11 - - - 8.0 | - - - - - 8.0 - - ns 1 11 - - - - - - - 4 - 14
Fall Time t Lul| - | - |- ]s6of- -1 - - leo] -] -] ns 1 11 -] - B B ST - 14 - 14

* Prime Fan-Out.

(panunuod) |G ‘LOVOIN/ LGSO ' LOGOW
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2-WIDE 3-INPUT MTTL MC500/400 series
“AND-OR-INVERT” GATE
WITH GATED COMPLEMENT
MC503 - MC553

MC403 - MC453

This device is the only gate of the basic positive
AND-OR-INVERT series that includes an additional
3-input AND-INVERT function on the output. This
configuration provides the output and a gated com-

30— . - - - . -
20 plement in a single package. This device is useful in
1o 7:1: \\ J the design of adders, subtracters and one-shot multi-
k vibrators.
4.0 k Vee 13
04 14 12
40k 5 100/% 1.3k
1 A
2
3
52 : } 1"
gc 100 s B
iz % 011 7
| Positive Logic
4.0k K " =
12 =
| 1.0k 12 = (1-2:3) + (5:6-7) + 13 + 14
Total Power Dissipation = 35 mW typ/pkg
|/ Propagation Delay Times = 11 ns typ (Pin 1 to Pin 11)
130- : |\ 12 10 ns typ (Pin 11 to Pin 12)
140 TRUTH TABLE
xii A g |ouTPuT[ mIN PIN |OUTPUT
x 1.0k PIN #11| #13 #14 |PIN #12
8] 1 o] o o] 1
IS 1 0 0 o 1 1
10 (o] 1 o] 1 (o] 1
GND 1 o o] 1 1 1
0 0 1 ] (o} 1
Pin 11 is an output terminal and should o o 1 o 1 1
not be used as an input. 0 o] 1 1 o 1
0 0 1 1 1 [s]
SERIES INPUT LOADING FACTOR (1g) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC503 15 MCS500 Series Gates (20 mA) o °
MC553 ! (1.33mA) | 5 \C500 Series Gates (10 mA) -859C to +125°C
MC403 - 12  MCA400 Series Gates (20 mA) o, o,
MC453 ! (186 mA) | & MCAa00 Series Gates (10 mA) 0°C to +75°C
SWITCHING TIME TEST CIRCUIT ' VOLTAGE WAVEFORMS AND DEFINITIONS
= 5.0 ns max | .= 8.0 ns max
TPin 1
3.0V GND
ovd L
Ra
) TPout 1 |
*MC503-260 8 u GND
MC553-570 t ., =80ns maxo‘ L— —~| l-t = 5.0 ns max
MC403-330 () +3.0 V TPt 1 = 4l 1 R
MC453-660  Vyyx ‘on — — off
TP
PRF=1.0MHztyp  NOTES: Rg = 50 ohms out2 o0 v
PW = 200 ns CT = the total parasitic capacitance which includes L 15 Vv
t, = 8.0 ns max probe, wiring, and load capacitances. 10 V
t¢ = 5.0 ns max Scope rise time < 1.0 ns GND
Probe capacitance < 5.0 pF - . ] -
o 5.0 ns max-—l I-— tr2 ?ﬁgxns
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ELECTRICAL CHARACTERISTICS

TEST CONDITIONS

' mA Volts
Test procedures are shown for only one in- 13 @ Test |°L 'ou
ut of the AND-OR-INVERT gate, plus 14 12 .
gne input of the gated complegment.pTo , Temperature [ pe* T 51d | Pr* | Std o | Vi Vim | Ve [Vin Vino| Vour| Ve | Vean | Vinx
complete testing, sequence through remain- z —55°C| 20 | 10 [-1.5[-0.7[1.0]0.45| 2.8 | 4.5 | 2.0| 1.0 |5.5 | 5.0] 8.0 | -
ing inputs in the same manner. . " MC503%, MC553 | +25°C| 20 | 10 |-1.5}-0.7|1.0| 0.45| 2.8 | 4.5 | 1.7| 1.2 |5.5 | 5.0] 8.0 | 3.0
5 +125°C| 20 | 10 |-1.5[-0.7[1.0{0.45[ 2.8 | 4.5 | 1.4 0.9|5.5 | 5.0] 8.0 -
0°C| 20 [ 10 |-1.2{-0.6/1.0/0.45[/3.0| 4.5 |1.9]1.1]5.5 | 5.0] 7.0 | -
MC403*, MC453 { +25°C| 20 | 10 {-1.2|-0.6][1.0]0.45]3.0| 4.5 | 1.8 | 1.2|5.5 | 5.0| 7.0 | 3.0
+75°C| 20 | 10 |-1.2{-0.6[1.0/0.45]/3.0| 45 [ 1.7|1.1]5.5] 5.0| 7.0 | -
Pin | MC503, MC553 Test Limits | MC403, MC453 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW :
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Min [ Max |Min] Max | Min| Max| Unit | o ’ fow | ha| Y lvml Vi lvmlvmo Vour Vcclvccnl Vinx | Gnd
Input
Forward Current Ip 1 - |-1.33] - |-1.33f - [-1.33| - [-1.66| - |-1.66| - [-1.66{mAdc - - - - - 2,3 - - - 4 - - 1,5,6,7,10
14 | - [-1.33) - |-1.33 - |[-1.33| - |-1.66| - |-1.66{ - [-1.66|mAdc - - FE I I S - S I R - - |1,2,3,5,6,
. 7,10
Leakage Current IR 1 - 100 | - 100 - 100 -| - 100 | - 100 - 100 |pAde - - - - - 1 - - - 4 - - 2,3,566,
s
14 | - |100| - |100 |- [1200 [- |100 |- |100 | - |100 |pAdc - - FU IR SR S VN O R (R Y - - 10,13
Inverse Beta Current I 1 - | 100 - |100 | - 100 | - 100 | - | 100 | - |100 |pAde - - - - - 1 - - - 4 - - 5,6,7,10
14 | - |100| - [100 | - [100 |- 100 |- |100 | - |100 |pAde - - EE N S TR R Y - - |1,2,3,5,6,
7,10
Breakdown Voltage [BV, .o | 1 [5.5( - [55] - [5.5] - [s5[ - [s.5( - [5.5] - [vac - - 1| - - - - - 1- 14 - - [s.87,10
14 |55 - [55] - |[5.5| - 55| - [55] - [5.5]|- [vde - - | - |- - - - | - - |1,2,3,5,8,
7,10
BV v | 1 |85 - [85]- f5.5] - [s5] - [s5] - [s.5]- [vac - - 1| - - - - -1-T1T+ - - 2’;31,3,6,
,
14 [5.5| - |55| - |s.5| - |5.5] - [5.5] - |55]| - |vdc - - 14| - - - B - - 10,13
Output
Output Voltage Vougwor | 11| - |0.45 - |0.45| - |0.45[ - |0.45| - |0.45| - |0.45| Vde 11 - -l - - - 1 |- |- |4 - - | 5867,10
12 | - |o0.45| - |0.45] - [0.45] - |0.45| - |0.45| - |0.45| vde 12 - S - 4 |- |- |4 - - 1,2,81,05,6,
,
Vouerpe | 11 |28 ] - [2ca| - Jan | - a5 | - Jea| - [25[ - [Vae - 11 [ I - -1 [ - |4 - - |5,6,7,10
12 (2.5 - |2.4| - 2.7 - 2.5 - |2.4] - [2.5] - | vde - 12 N S - B I VRN R - - |1,2,3,5,6,
,10
Leakage Current Tonk 11 | - |1250| - [1250 - [1250| - [1250] - [1250| - [1250|pAdc - - - -1 - - - e - - 1,27,31,3,6,
)
12 | =" ]250 | - |250 [ - | 250 } - [250 |- [250 | - |250 |uAdc - - - - - - -l - 2| o4 - - | 10,13,14
Short-Circuit Igc 11 [-10| -45 [ -10 [ -45 [-10 | -45 [-10 | -45 | -10] -45 |-10 | -45 |mAdc - - - -] - - - -4 - - |1,2,3,5,8,
Current 7,10,11
12 |-10| -45 | -10 | -45 |-10 | -45 |-10 | -45 [-10 | -45 |-10 | -45 |mAdc - - - -] - - FE S - - J10,12,13,14
Output Voltage Vou 1 [2.8] - [s.2f - [335] - [3.0] - [s.1] - [3.15] - [ vac - 11 - - - N I R - - |5,67,10
12 [2.8( - |8.2| - (335 - 3.0 - [3.1| - |3.15) - | vde - 12 B TR - - -] 4 - - |1,2,3,5,,
110
VoL 1 [ - [o.40] - [o0.40] - [o0.45] - [o0.40] - [o0.40] - [0.45] vac 11 - -1 - - - - -] 4 - - | 5,67,10
12 | - |0.40 - |0.40| - |0.45( - |0.40| - |0.40| - |0.45| Vde 12 - S R IS U EE R N - - 11,2,3,56,
7,10

(panunU0d) £GHIN “E0VIN/EGSON ‘SOSOIN
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ELECTRICAL CHARACTERISTICS (continued) TEST CONDITIONS
mA Volts
@ Test lov lon
Tempgrafure Pr Sfd Pr | Sh d Iin VIL VII'I VR v'hl v»-o Vov' VCC VCCH VIHX
—55°C| 20 | 10 |-1.5]-0.7[1.0|0.45| 2.8 | 4.5 | 2.0|1.0/5.5 | 5.0/ 8.0 -
MC503*, MC553 { +25°C[ 20 | 10 |-1.5|-0.7|1.0[0.45] 2.8 | 4.5 | 1.7] 1.2]5.5 | 5.0{8.0 |3.0
+125°C| 20 | 10 |-1.5|-0.71.0]|0.45| 2.8 | 4.5 | 1.4 0.9 /5.5 | 5.0| 8.0 -
0°C{20 | 10 [-1.2]-0.6(1.0|0.45|3.0| 4.5 [ 1.9]1.1/5.5|5.0| 7.0 -
MC403*, MC453 { +25°C| 20 | 10 |-1.2{-0.6{1.0|0.45|3.0| 4.5 | 1.8|1.2/5.5[5.0|7.0 |3.0
+75°C| 20 | 10 |-1.2|-0.6(1.0/0.45|3.0| 4.5 | 1.7|1.1]5.5 | 5.0] 7.0 -
Pin MC503, MC553 Test Limits MC403, MC453 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min | Max | Min| Max | Min | Max | Min | Max | Min | Max Min|Max| Unit | oo ‘ lon ha | Vi IVIH| Vi rvihl|vih0|vou! Vcc!Vccu| Vinx | 6nd
Power Requirements )
(Total Device)
Maximum Power I 4 - 34 - 34 - 34 - 24 | - 24 - 24 |mAdc - - - - - - - - - 4 - 1,2,3,5,6,
Supply Current max 7,10,13,14
Power Supply Drain IPDH 4 - 10 - 10 - 10 - 12 | - 12 - 12 [mAdc - - - - - - - - 4 - - 10
1 4 - || -Jw]|[-]1w0]-|12]-]12]|-]12 |mAd - - -l - - - - - 4 - - 11,2,3,5,86,
PDL 7,10
4 - |10 - |70]|- |70|- |70]|- |70]|- [7.0|mAde - - - - - - - - 4 - - | 1,2,3,5,8,
7,10,13,1
Switching Parameters Pulse In_| Pulse Out
Turn-On Delay ton 1 1,11 - - - 22 - - - - - 22 - - ns 1 11 - - - - - - - 4 - 2,3, | 5,6,7,10
13,14
t 1,12 - | - | - | 20 | - - -2 -] - | ns 1 12 N - - -1 4 - 2,3, | 5,6,7,10
on2 13,14
Turn-Off Delay t1 | LI - | - | - |2 - N -T2 -1-1ns 1 11 N - - - - - -4 - 2,3, | 5,6,7,10
13,14
ts |1n12] - [ - -]2]- - |- -T2 -1-1ns 1 12 N . B - I B N - 2,3, | 5,6,7,10
13,14
Rise Time t Lit| - | - | - |80 - N - [8o| -] - | ns 1 11 - | - - - - - 4 - 2,3, | 5,6,7,10
13,14
t mi2| - | - | - [8o] - N - sof -] -] ns 1 12 - - - - - - 4 - 2,3, | 5,6,7,10
r2
13,14
Fall Time t Lul -| - | -1leo] - N - - leof -] - | ns 1 11 - - - - -1 -1 4 - | 23, | 567,20
13,14
ty |2 - | - | -]so0]- N - -]s50] -] -] ns 1 12 - - - - 4 - 2,3, | 5,6,7,10
13,14

* Prime Fan-Out

(penunuod) £GHIN ‘EOVIIN/ESGIN ‘E0SON



EXPANDABLE DUAL 2-WIDE
2-INPUT “AND-OR-INVERT” GATE

MTTL MC500/400 series

MC520 - MC570
MC420 - MC470

One side of this dual device consists of two 2-input
1‘1‘ g: AND gates ORed together and driving an output in-
4 verter. The other side consists of two 2-input gates
# s Vee ORed together and driving an output inverter with
$40k an output inverter with the ORing nodes made avail-
able for expansion. Up to 10 AND gates can be ORed
| $13k 100 together using the MC509 or MC510 expander
$4.0k 1 series. Care should be taken to minimize the amount
of capacitance on the expander terminals in order to
B maintain switching speeds.
2 o
3 o4 o 13
14
31.0k 1
13
—0 10 2
GND 3
>
<
31.0k
70 P( 5
6
5 O— o 12 12
6 0— 9
x . 1
80O Emitter 7
> Collector 8
34.0k $1.3k
100
Positive Logic:
! 13=(1-18)+(2 - 3)
$4.0k
12=(5 - 6)+ (9 - 11) + (Expander)
9 o0— —\ﬁ Total Power Dissipation = 40 mW typ/pkg
11 0—¢ -Propagation Delay Time = 12 ns typ
SERIES INPUT LOADING FACTOR (I1g) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC520 _ 15  MC500 series Gates (20 mA) eco o
MC570 1 (=133mA) | 75 MC800 series Gates (10 mA) 559C to +1259C
MC420 12 MCA400 series Gates (20 mA) o o,
MC470 1 (—1.66 mA) 6 MCA400 series Gates (10 mA) 09 to +759C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
MRS Vee
+3.0V  TPin +5.0 V
RL*
MC511 OR
*3.0v EQUIV
ov Rg3 MC500
1 MC550 1N3605 OR
PRF = 1.0 MHz typ d.cT EQUIV
PW = 200 ns 15 pF
t =5.0ns L s
t%=5.0ns TPout
NOTES:

Rg = 50 ohms

CT = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF

When checking expander side, expander pins

should be open.

*MC520 — 260Q
MC570 — 5709
MC420 - 3300
MC470 — 660Q

4-30




LE-v

ELECTRICAL CHARACTERISTICS ” TEST CONDITIONS
Test procedures are shown for only one gate. 1 13 mA Volts
The other gate is tested in the same manner. 2 @ Test IOL 'on
Further, test procedures are shown for only 3 L1V, |V Vo (Vi iIVinol Vaur | Vee | V. \/
A i H
one input of the gate under test. To com- Temperature | p* [std | Pr | Std | | © R | Th1| Tho| Tout| Tec | TCCH | TIHX
plete testing, sequence through remaining 5 —55°C| 20 | 10 |-1.5(-0.7[1.0/0.45[ 2.8 | 45 | 2.0| 1.0{5.5 | 5.0| - -
i S.
input 8 12 MC520*, MC570 § +25°C| 20 | 10 |-1.5}-0.7|1.0]0.45| 2.8 | 4.5 [ 1.7]1.2]5.5 | 5.0|8.0 | 3.0
9
" +125°C| 20 | 10 [-1.5]-0.7]|1.0]0.45] 2.8 | 4.5 [ 1.4]0.95.5 | 5.0] - -
Emitter 7 0°C| 20 | 10 {-1.2(-0.6|1.0/0.45|3.0| 45 [1.9]|1.1]55]5.0] - -
8 MC420*, MC470 { +25°C| 20 | 10 |-1.2{-0.6|1.0|0.45|3.0| 4.5 | 1.8]|1.2]5.5 | 50|70 |3.0
+75°C| 20 | 10 [-1.2{-0.6{1.0]/0.45|3.0| 4.5 | 1.7]1.1]55 |5.0] - -
Pin | _MC520, MC570 Test Limits MC420, MC470 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test Minl Max Minl Max Minl Max | Min | Max | Min l Max | Min ] Max| Unit lou \ low ba | Vi [Vm I Ve | Viny IV».o Vou | Vec | Veen I Viux | Gndt
Input :
Forward Current IF 1 - |-1.33] - [-1.33] - |-1.33| - |-1.66] - |-1.66] - I1.66|mAdc - - - - - 14 - - - 4 - - 1,2,3,10
Leakage Current IR 1 - 100 - 100 - 100 | - 100 - | 100 - | 100 | pAdc - - - - - 1 - - - 4 - - 2,3,10,14
Inverse Beta Current lL 1 - 100 - 100 - 100 | - 100 - | 100 - | 100 | pAde - - - - - 1 - - - 4 - - 2,3,10
Breakdown Voltage va o 1 55| - 5.5 - 5.5 - |5.5] - 55| - 55| - vdc - - 1 - - - - - - 4 - - 2,3,10
BV, v | 1 |55] - |58] - |&5] - [55] - 5.5] - |5.5]| - | vdc - - T - - - - - - - - | 2,3,10,14
Output
Output Voltage Voutror | 13 - |o.45| - |o0.45| - | 0.45| - |0.45| - |0.45| - |0.45| Vdc 13 - - - - - 1 -l -] 4 - - 2,3,10
Vot | B | 25| - |24 - [27] - 2.5] - |2.4] - [2.5] - | vdc B 13 N - - - T - | 4 - - 2,3,10
Leakage Current oLk 13 | - |250 | - |250| - | 250 | - |[250 | - |250 [ - |250 |pAde - - - - - - - - 13 4 - - [1,2,3,10,14
Short-Circuit Ioc 13 | -10| -45 | -10| -45 [ -10| -45 [-10 | -45 |-10{-45 | -10 | -45 |mAdc - - - - - - - - -1 4 - - [ 1,2,3,10,
Current 13,14
Output Voltage VoL 13 = lo0.a0] - [o0.40] - |o0.45{ - [0.40] - [o0.40| - ]0.45| Vdc 13 - - - 1 - - - -] 4 - - 2,3,10
Vou 3 28] - 3.2 - [3.35 - [8.0] - |31 - [3.15] - [ vac - 13 -1 - - - -~ - |4 - - 2,3,10
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 10 - - - - - 10 - - |mAdc - - - - - - - - - - 4 - 1,2,3,10,14]
Supply Current
Power Supply Drain XPDH 4 - 14 - 14 - 14 - 18 - 18 - 18 |mAdc - - - - - - - - - 4 - - 10%
— q {70 - 70| - |7.0] - [80] - [80] - {80 |mAde - - I B - - -1 - | 4 - - [1,2,3,10,14
Switching Parameters Pulse In_| Pulse Out
Turn-On Delay ton 1,13 - - - 22 - - - - - 22 - - ns 1 13 - - - - - - - 4 - }4 2,3,10
Turn-Off Delay togs 1,13 | - | - - 22| - - -] - - o2 | -] - ns 1 13 -] - - - - -] -] 4 - 14 2,3,10
Rise Time t. 1,13 - - - 8.0 - - - - - |80 - - ns 1 13 - - - - - - - 4 - 14 2,3,10
Fall Time t 108 | - | - - leof - - -1 - - |60 - - | ns 1 13 - - - - - - - 4 - 14 2,3,10

* Prime Fan-Out

+ Ground inputs to gates not under test during ALL tests unless otherwise noted.

1 The inputs to all gates must be ungrounded.

(panunuos) 0£FIN ‘02¥ON/0LSON ‘0ZSON



“AND” JK FLIP-FLOP

MC515 - MC565
MCA415 - MC465

MTTL MC500/400 series

The MC415, MC465, MC515, and MC565 are clocked
49 Vec flip-flops that trigger on the negative edge and perform the
s ! y o \ 4-K lagic function. _Each flip-flop has an AND input gating
4.0 ki: 1.5k 180391 9132180 $1.5k 34.0k configuration consisting of three J inputs ANDed together
and three K inputs ANDed together. The multiple J and
K inputs minimize the requirements for external gating in
counters and certain other applications. A direct SET, PRE-
SET, and RESET are also available.
8 13 . R R .
9 11} 12 In normal operation, information is changed on the J and
o1 K inputs while the clock is in the low state, since the inputs
are inhibited in this condition. Information is read into a
temporary memory when the clock is in the high state.
When the clock goes low, the information is transferred
< B to the bistable section and the Q and Q outputs respond ac-
1.0ks  £3.5k 3.5k 1.0k cordingly. The information on the J and K inputs should not
be changed while the clock is in the high state. Each flip-flop
can be set or reset directly by applying the low state to the
direct SET, PRESET, or RESET inputs.
Since each flip-flop is a charge-storage device, there is a
restriction on the clock fall time that must be observed.
5.0 k 5.0k3
6 1
RESET 13—-—I
x &3
& 3 Kf 2 QF—12
r 3 CLOCK 3
X Ji 5
5.0k 5.0k }) x L QpF—n
r M~ '|l % Jz3 7
1 I 3ET 8 __l
E Y r Y PRESET 9
! 210k 10k 3 i
L —
10 OGND
J K Qn |Cn+r
(1]
EQUIVALENT CIRCUIT b IR A
SET [s] 1 1] o
80| o2 013 0 1 1 0
901 Qa a 1 o 4] 1
PRESET 1 o 1 1
—— 1 1 (] 1
1 1 1 o
Where J = Jq ¢ Jp ¢ J3
j1 :ﬁm 14K3 K=Kj*KpyeKg
2 — Eé%g 1Kz
g 7ol 2K;
Total Power Dissipation = 40 mW typ/pkg
3 Switching Times:
A ton = 25 ns typ
Vee =4 L 1 CcLock toff = 13 ns typ
GND=10 T T
INPUT LOADING )
FACTOR
SERIES OUTPUT DRIVE o) | TEMPERATURE
cLock ALL cLock ALL
OTHER OTHER
MC515 15 MCS500 series Gates (20 mA)
1.5 -2, —1. —550 0,
MC565 ! (-20mA) (=133 mA) |57 11C500 series Gates (10 mA) 55°C 10 +1259€C
MC415 12 MCA400 series Gates (20 mA)
1.5 —2. A —1. 0 0
MCa65 ! (-2.5 mA) (~1-66mA) | & MC400 series Gates (10 mA) 0°C o0 +75°C
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MC515, MC565/MC415, MC465 (continued)

OPERATING CHARACTERISTICS

Clock fall time < 150 ns.
Triggers on clock pulse widths 2 20ns.

Provides direct SET, PRESET, and RESET inputs. The
application of a “’0"’ state to 8 or 9, sets Q high; ‘0" state
to 13, resets Q low. The clock must be in the low state
when these functions are performed.

Data at the J and K inputs must be present before the
clock goes to a high state. If the information on the J and
K inputs is changed while the clock is in a high state, the
flip-flop will require typically 300 ns to recognize a 1"

SWITCHING TIMES

4-33

state to “0" state information change on the J and K
terminals. The flip-flop will require typically 10 ns to
recognize a ‘0O’ state to 1" state change.

Negative edge triggering — When the clock goes from
the high state to the low state, the information in the
temporary storage section is transferred and the Q and Q
outputs will respond accordingly. While the clock is in a
low state, the J and K terminals are inhibited.

Unused J and K inputs should be tied to the clock or
to 2.0 to 5.0 Vdc. PRESET and SET are tied to Q;
RESET is tied to Q.

FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT

VOLTAGE WAVEFORMS AND DEFINITIONS

SYMBOL

PRF
PW
tr
tf
ViH




MC515, MC565/MC415, MC465 (continued)

FIGURE 2 — J-K TERMINAL CHARACTERISTICS TEST CIRCUIT

ENABLE MODE TEST:
The device under test shall toggle when
VEN = 1.8 Vdc +1% is applied.
INHIBIT MODE TEST:
The device under test shall NOT toggle when
VINH = 1.2 Vdc £1% is applied.

FIGURE 3 — SET-RESET-PRESET TERMINAL CHARACTERISTICS TEST CIRCUIT

SYMBOL

tPost

ton
toff
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ELECTRICAL CHARACTERISTICS 71 TEST CONDITIONS
K3 14
Test procedures are shown for only one «? } . 12 lts
3 and K input, plus the SET, PRESET, and ¢ s —F—§ @ Test
RESET inputs. To complete testing, se- P ; . " Temperature [~ 5 Pr Vi | Vin Ve Vino i
quence through remaining J and K inputs 7 . L
in the same manner. £ 8§ 55°C | 20 -1, .0 0.45] 2.8 4.5 1.0 5.
MC515%, MC565 { +25°C | 20 -1. .0 0.45| 2.8 4.5 1.2 5.
+125°C | 20 -1. .0 0.45| 2.8 4.5 0.9 5,
0°C| 20 -1 .0 0.45| 3.0 4.5 1.1 5.
MC415%, MC465 { +25°C| =20 -1. .0 0.45] 3.0 4.5 1.2 5.
+75°C | 20 -1. .0 0.45( 3.0 4.5 1.1 5.
imit imi
MCS15, MCSOS Test Limits | MC415, MCA6S Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED
—55°C +25°C_ | +125°C 0°C +25°C | +75°C
Characteristic Min | Max | Min| Max [ Min] Max | Min | Max | Min [ Max| Min] Max | Unit Vi | Vi Vi |[Vino Gnd
Input
Forward Current - |-1. 33 -1.33f - |-1.33} - |-1.66| - [-1.66| - [-1.66/ mAdc - - 2,3,5,6, - 1,8,10
7,9,13,14
- R R R R - 1,2,3,6, - 5,10,13
7,8,9,1
_ - - - - - - 1,2,3,5, - 8,10,13
6,7,9,14
- - - - - - - 1,2,3,5 - 9,10,13
6,7,8,1
- - l - - - - - 1,2,3,5, - 8,10,13
6,7,9,14
Leakage Current 1 - | 100 100 | - | 100 | - [100| - |100 | - | 100 |pAde - - 1 - 2,3,5,6,7,10,11,14
5 - - - - - - - 5 - 1,2,3,6,7,10,12,14
8 - - - - - - - 8 - 1,2,3,5,6,7,9,10,12,14
9 - R R - - N . 9 - 1,2,3,5,6,7,8,10,12,14
13| - - - - - - | - 13 - 1,2,3,5,6,7,10,11,14
Inverse Beta Current 1 - 100 100 - 100 - 100 - 100 | - 100 | pAde - - 8 - 1 - 10
5 - - - - - - - 13| - 5 - l
8 - - - - - - - - 8 -
9 - - - - - - - ‘ - 9 -
13| - - - - - - - - 8 | - 13 - v
Breakdown Voltage 1 5.5 - 5.5 - |5.5 - 5.5 - 55| - [5.5 - Vdc - 1 - 8 - - - - 10
5 - - - - - - - - 50 - | 13| - - - -
8 - B - - - - - - 8 | - - - - -
9 l - _ l - l o l - l : - - ¥ B ‘ - - - ~
13 - - - - - - - - 13 ] - 8 - - - -
L 155] - 66| - [65| - }55| - [55] - [55]| - | vde 1 - - - - - - 2,3,5,6,7,10,11,14
5 - - - - - - - . 5| - | - |- - - - 1,2,3,6,7,10,12,14
8 - . R R B R - - 8| - | - | - - - - 1,2,3,5,6,7,9,10,12,14
9 R B - - R R - - 9 | - | - |- - - - 1,2,3,5,6,7,8,10,12,14
13 - - - - - - - - 3] - | - |- - - - 1,2,3,5,6,7,10,11,14

* Prime Fan-Out.

(continued)
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ELECTRICAL CHARACTERISTICS (continued)

TEST CONDITIONS

Test procedures are shown for only one mA Volts
J and K input, plus the SET, PRESET, and R @ Test lou low
RESET inputs. To complete testing, se- X3 1t - 12 Temperature [ pr* [ Std | Pr* ] Std b [ 26| Vi | Vin Vo Vino| Yinr | Vou| Vee
quence through remaining J and K inputs = ,
in the same manner. T 8 —— —55°C| 20 | 10 |-1.5|-0.7|1.0] 2.0 [0.45| 2.8 4.5 1.0| 2.0 |55 5.0
% H L) " MC515%, MC565 { +95°C | 20 | 10 |-1.5]-0.7] 1.0] 2.0 [0.45] 2.8 45 |1L2] 1.7 5550
5 +125°C| 20 | 10 |-1.5[-0.7|1.0| 2.0 {0.45| 2.8 4.5 0.9 | 1.4 |5.5] 50
0°C| 20 | 10 [-1.2]-0.6] 1.0 2.0[0.45| 3.0 4.5 1.1] 1.9 [5.5] 5.0
MC415%, MC465 { +25°C| 20 | 10 |-1.2|-0.6| 1.0| 2.0 [0.45] 3.0 4.5 1.2 1.8 | 5.5 5.0
+75°C| 20 | 10 |-1.2{-0.6] 1.0| 2.0 |0.45] 3.0 4.5 .1 1.7 |55]5.0
i 1 Test Limits imit
Pin | MCST5, MCS6S Test Limits | MC415, MC46S Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW :
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C | |
Characteristic Symbol | Test | Min [Max | Min] Max | Min[ Max | Min ]| Max | Min [ Max| Min| Max | Unit lo lon lio |2 k| Vi | Vin Ve V'ho‘ Vit | Your | Vee Gnd
Clock Input
I 3 - |-2.0] - | -2.0| - | -2.0] - |-2.5| - |-2.5] - |-2.5|mAdc - - EO N N 1,2,5,6, - - - 4 3,10
Forward Current F 7,8‘,9,13,14 ’
Leakage Current I 3 - |1s0| - {150 | - | 150 | - | 150 | - |150 | - | 150 | pAdc - - - - 3 - - - 4 1,2,5,6,7,10,14
Inverse Beta Current IL. 3 - 150 | - 150 - 150 - 150 - 150 | - 150 | pAdc - - - 13 - 3 - - B 4 10
3 - 10| - |1s0 | - |50 | - | 150 | - | 150 | - | 150 | pAdc - - -l -8 |- 3 - - - 4 10
Breakdown Voltage BV, ng 3 5.5 - |5.5 - 5.5 - 5.5 - 5.5 - |5.5 - Vde - - - 3 13 - - - - - 4 10
m 3 |55| - [55] - |55| - [55] - [55| - |55| - | Vdc - - -1 3 (8] - - - - - 4 10
BV, .| 3 |55] - 55| - [556] - [55] - |85] - [5.5] - |Vde - - R - - - - 4 1,2,5,6,7,10,14
Output
Output Voltage Vouror | 12| - [0-45| - |0.45| - |o.45f - | 0.45] - |0.45) - |0.45| Vde 12 - [ N I - - 13 | - 4 3,8,10
HN NN N IR Dol SRR 31015
11 - - - - - - 11 - - - - - - - 8 - 3,10,13
Voerrr | 12 (25 ] - 24| - |27 - [25] - |24 - j25| - | Vde - 12 - -] - - 13 - - 4 8,10
BRI : i I e P D e 1 e R ) 10,13
11 - - - - - - 11 - - - - - 8 - - 10,13
Leakage Current Torx 12 | - |ess| - | 225 | - | 225 | - | 225 | - [225| - | 225 | pAdc - - N - - - 12 | 4 1,2,3,5,6,7,8,9,10,13,14
11| - |25 - | 225 | - | 225 | - | 225 | - |25 - | 225 | uAdc - - - -] -] - - - - 1| 4 1,2,3,5,6,7,8,9,10,13,14
Short-Circuit Ise 12 | - | - |-45] -90 | - - - - |-45{-90| - | - |mAde - - N - - - - 4 |1,2,3,5,6,7,8,9,10,12,13,14
Current 1no| - - |-45| -90 | - - - -45 | -90 | - | - |mAde - - - -] -] - - - - - 4 [1,2,3,5,6,7,8,9,10,11,13,14
Output Voltage VoL 12 | - [0.40| - |0.40] - |0.45( - [0.40 0.40| - |0.45| vde 12 - P N Bt - - - - 4 3,8,10
| - ‘ - ¢ - ‘ - ‘ - * - ‘ 11 - e ] - - - - ‘ 3,10,13
1n |- R R R R - 11 R I | - - - - 3,10,13
Yo 12 |2.80| - [3.20{ - |[3.35] - [3.00 - |3.10| - [3.15| - | Vde - 12 -l -3 - - - - - 4 8,10
n 4] SR SR RN o I e N I B 1015
11 - - - - - - - 11 -1 - 18- - - - - 10,13
Power Requirements
(Total Device)
Power Supply Drain Inp 4 - 12 | - 12 - 12 - 14 - 14 | - 14 |mAdc - - - - - - - - - - 3,10,13
Iop 4 12| - | 12| - | 2 - | 14| - | 14| - | 14 |mAde - - B T I - - - - 4 3,8,10

* Prime Fan-Out.

(penunuod) GOy ‘GLYIN/S9SIOIN “‘GLGON



MTTL MC500/400 series
“OR” J-K FLIP-FLOP

MC516 - MC566
MC416 - MC466

The MC516, MC566, MC416, and MC466 are clocked
49Vee flip-flops that trigger on the negative edge and are internally
? ' ? 1 wired to perform the J-K logic function. Each flip-flop has a
4.0 ki 1.5k 1803 91 913180 15k 4.0k positive logic AND-OR input gating configuration that con-
sists of two clocked J inputs ANDed together, two clocked K
inputs ANDed together, two clocked L inputs ANDed together,
and two clocked M inputs ANDed together. The J and the L

ﬁ inputs are ORed together and the K and the M inputs are
91 ORed together. A direct SET is also available.

Nz In normal operation, information is changed on the clocked

+ e inputs while the clock is in a low state, since the inputs are

inhibited in this condition. Information is read into a temp-
orary memory through the AND-OR input gating when the

< 3 < clock is in the high state. When the clock returns low the infor-
1.0 kg 3.5k 3-5kg $1.0k mation in the temporary memory is transferred to the bi-
stable section and the Q and the Q outputs respond accord-
ingly. The information on the clocked inputs should not be
changed while the clock is high.
Each flip-flop can be set directly by applying a low state
) 4 to the direct SET input. Since each flip-flop is a charge stor-
y 4 B. $s. age device there is a restriction on the clock fall time that
¥[s.0k 25.0 k 5.0 k3 $5.0k must be observed.
7‘_ The AND-OR input configuration of each flip-flop makes
37 _{-' / \{ E it very useful for shift right/shift left registers and for up/
5 odH el d t
2 K /{ 2 lown counters.
7 13
8 14
My 13
” 3 M? 14
Ko 1 GQp—12
2
x '\‘ 5.0 Q< 5.0 k % Ky 2
¥ o M7= CLock 3
H ! X
Py Y ¥ s } K x P
H 210 k 10k 3 ! 3 8
S0 [ Qp— 11
) L
106GND o l
ET 9
EQUIVALENT CIRCUIT
SET
1) J L K ™M Q, |Qp+q
0 P X X P 0 X = Don’t Care
1 X X X 0 1 Where J = Jq ¢ J3
a a X 1 X X [ 1 L=LqeLy
X X 0 [} 1 1 K=KjeKaz
. X X 1 X 1 0 M=Mq+My
1o | _roK4 X X X 1 1 0
Joo0- — o Ko
Lq 0] o My
Lyo t oMo Total Power Dissipation = 60 mW typ/ pkg
Switching Times:
CLOCK ton = 25 ns typ
toff = 13 ns typ
4
K A 10
& GND
INPUT LOADING (g
FACTOR
SERIES OUTPUT DRIVE [{reTR) TEMPERATURE
cLock ALL cLock ALL RANGE
OTHER OTHER
MC516 15 MCS500 series Gates
3 1 (-4.0mA)  (~1.33mA) er! {20mA) | _s50¢ 1o +1250C
MC566 7 MCS500 series Gates (10 mA)
MC416 12 MC400 series Gates (20 mA)
3 —5. —1. 0°C to +75°C
MC466 ! (=8.0mA)  (—1.66mA) | ¢ 1400 series Gates (10 mA) °
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MC516, MC566/MC416, MC466 (continued)

OPERATING CHARACTERISTICS

Clock fall time = 150 ns,

Triggers on clock pulse widths = 20 ns.

The application of a **0" state to the SET will cause Q to go
to the 1" state. The clock must be in the low state when this
function is performed.

Data at the clocked inputs must be present before the clock
goes to a high state. If the information on the clocked inputs is
changed while the clock is in a high state, the flip-flop will require
typically 300 ns to recognize a ““1" state to “0'’ state change.
The flip-flop will also require typically 10 ns to recognize a “’0**
state to 1" state change.

Negative edge triggering — When the clock goes from the high

state, the information in the temporary storage section is trans-
ferred; and the Q and Q outputs will change accordingly. While
the clock is in a low state, the J, K, L, and M terminals are
inhibited.

Unused Inputs:

Single unused J, K, L, and M inputs should be tied to the used
input, to the clock input, or to 2.0 to 5.0 Vdc.

If both J, K, L, or M inputs are unused, they MUST be tied to
ground.

Unused SET is tied to Q.

FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT

SWITCHING TIMES
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MC516, MC566/MC416, MC466 (continued)

FIGURE 2 — J-K-L-M TERMINAL CHARACTERISTICS TEST CIRCUIT

| ENABLE MODE TEST:

% The device under test shall toggle when

0 VEN = 1.8 Vdc +1% is applied.

;. INHIBIT MODE TEST:

% The device under test shall NOT toggle when

1.2 Vdc +£1% is applied.
s

FIGURE 3 — SET TERMINAL CHARACTERISTICS TEST CIRCUIT

SYMBOL _
tPost
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ELECTRICAL CHARACTERISTICS ¥: 13 TEST CONDITIONS
Test procedures are shown for only one J, K2 3 mA Volts
one K, and the SET input. The remaining ¢ , @ Test lo lon
J, K, L, M inputs are tested in the same 5 g Temperature = [ Std | Pr | Std L 12601400 Vi | Vin| Ve Vin1| Vino | Vour | Vee
manner. ) —55°C | 20 | 10 | -1.5]-0.7| 1.0 2.0 | 4.00.45| 2.6| 4.5 [ 2.0 | 1.0 | 5.5 5.0
[ MC516%, MC566 { +25°C [ 20 | 10 |-1.5]-0.7]1.0]2.0 |4.0]0.45[2.8] 4.5 1.7 ] 12 [55]s.0
s +125°C | 20 | 10 |-1.5[-0.7/1.0{2.0]4.0]0.45/2.8] 4.5 1409 [55]5.0
0°C| 20 [ 10]-1.2][-0.6][1.0]2.0]4.0]0.453.0] 45 1.9 | 1.1 [55]5.0
MC416%, MC466 { +25°C | 20 | 10 [-1.2[-0.6/1.0{2.0 | 4.0]0.45/3.0| 4.5 1.8 1.2 ]55]5.0
+75°C | 20 | 10 ]-1.2]-0.6[1.0[2.0 4. 0[0.45{3.0{ 4.5 1.7 [ 1.1 [ 5.5] 5.0
Pin MC516, MC566 Test Limits MC416, MC466 Test Limits
g TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELQW:
Under| —55°C +25°C +125°C 0°C +25°C +75°C
Characteristic | Symbol | Test [ Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min [ Max | Unit lov Tou | Tin [2h]4ha| Vi [Vin] Vo | Vinr [ Vino | Vou | Vee Gnd
Input
Forward Current Ip 1 - |-1.33) - |-1.33] - |-1.33] - |-1.66| - |[-1.66| - |-1.66| mAdc - - - - - - - ,3,5,6,7,| - - - 4 1,9,10
8,13,14
5 - - - - - - - - S e e I B XXX 5 - - 5,10,11
,13,14
9 - - - - - - - - - -] -] - (258, - - - 3,9,10,11
] ,13,14
Leakage Current I 1 - 100 - 100 - 100 - 100 - 100 - 100 | pAdc - - - - - - - 1 - - - 4 2,3,5,6,7,8,10,11,13,14
5 - ‘ - ‘ - - - - - - B O N N I 5 - - - ‘ 1,2,3,6,7,8,9,10,12,13,14
9 - - - - - - - - Sl - -] 9 - - - 1,2,3,5,6,7,8,10,12,13,14
Inverse Beta Current | I 1 - |10 ]| - [10]| - |10 - | 100 100 | - | 100 | pAdc - - B N e 1 - - -4 9,10
5 - ‘ - ‘ - - - - - - EON N I B 5 - - - ‘ 10,11
9 - - - - - - - - O e R R 9 - - - 10,11
Breakdown Voltage va"o" 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vdc - - 1 - - - - - - - 4 9,10
5 - - - - - - - - 50 - -1-1- - - - 10,11
9 - ‘ - ‘ - ‘ - ‘ - * - - - 9l -1-1-1- - - - ‘ 10:11
BV, "1"| 1 55| - |55 - [55]| - f55| « [55| - |55 - vde - - 1| - E B - - - - 4 ,3,5,6,7,8,10,11,13,14
5 ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - - - 50 - -1-1- - - - - ‘ 1,2,3,6,7,8,9,10,12,13,14
9 - - - - - - - - 9 | - | -1-1- - - - - 1,2,3,5,6,1,8,10,12,13,14

* Prime Fan-Out

@ Momentarily ground pin prior to taking measurement at terminal.

(Panunuod) 9oy ‘9L 7ON/99GOIN “9LGON
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ELECTRICAL CHARACTERISTICS (continued) TEST CONDITIONS
mA Volts
@ Test lot low .
Temp pr [5td| Pr [ 5td] fin [2tn| 4l ViL|Yin| VR | Vin1| Vino| Vour| Vec
—55°C | 20 [ 10 [-1.5[-0.7[1.0]2.0]4.0]0.45]2.8] 4.5 2.0 [ 1.0 [ 5.5 | 5.0
MC516*, MC566 § +25°C [ 20 [ 10 [-1.5]-0.7[1.0]2.0 4.0]0.45/2.8] 4.5 1.7 ] 12 [55]s0
+125°C | 20 | 10 |-1.5]-0.7]1.0]2.0]4.0]0.45]2.8] 4.5 1.4 [ 0.9 [55]s0
0°C| 20 | 10[-1.2]-0.6]/1.0]20]4.0]0.45]3.0] 4.5 1.9 | 1.1 [55]30
MC416%, MC466 { +25°C | 20 | 10 [-1.2]-0.6]1.0[2.0[4.0]0.45[3.0] 4.5 1.8 ] 1.2 [55]s0
+75°C | 20 | 10 [-1.2]-0.6][1.0[2.0[4.0]0.45/3.0] 4.5 L7 |11 [55]s50
Pin MC516, MC566 Test Limits MC416, MC466 Test Limits
d ‘ TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELQW :
Under| —55°C +25°C +125°C 0°C +25°C +75°C
Characteristic | Symbol | Test | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit lou fon | B 20|40 | Vi [Vin] Ve [ Vinr| Vino | Vour | Vee | Gnd
Clock Input I 3 - |40 - | -40[ - |-40| - |[-50] - |-50]| - | -5.0{madc - - - - -] - L2581, - - I 3,10
Forward Current 8,13,14
Leakage Current Ip 3 - |30 ] - [30] - [300]| - [300] - |30/ - [ 300 | uade - - - -T-1-7- 3 - - - |4 1,2,5,6,7,8,10,13,14
Inverse Beta Current I, 3 - 400 - 400 - 400 - 400 - 400 | - 400 | mAdc - - - - - - - 3 - - - 4 9,10
3 - | 400 | - 400 | - | 400 ] - | 400 | - | 400 | - | 400 | mAdc - - -l - - -] 3 - - - |4 10,11
Breakdown Voltage [BV, o[ 3 |55 - [55| - [55] - [55| - |55 - [55| - | va - - - - T - - - - - -1 10, 11
n 3 55| - [55]| - |55| - |55]| - |55 - |55] - Vde - - -l -1 8 -1- - - - - 4
BV, w.| 3 [55[ - [65| - [55] - [55] - |565]| - |55 - | vde - - BEREEEEE B - - N 1,2,5,6,7,8,10,13,14
Output (For Set Only) R _
Output Voltage Voutvor| 11 0.45 [ - | 0.45 0.45 0.45| - [0.45| - |0.45| vdc 110 - - - - - - - 9 - - 4 3,10
Vourrge] 11 [25 [ - Jea | - J27 ] - Jas| - [za| - [25] - | vdc - 11 -1 - |- -]- B B 9 e 3,10
Leakage Current IoLk 12 - 650 | - 650 | - 650 | - 650 | - 650 | - 650 | pAdc - - - - -l -] - 12 - - - 4 1,2,3,5,6,7,8,10,11,13,14
11 - | 650 | - | 650 | - | 650 [ - | 650 | - | 650 | - | 650 | pAdc - - EEEERERE 11 - - - | 4 1,2,3,5,6,7,8,9,10,13,14
Short-Circuit Ige 12 - - | -45 ] -90 | - - - - | -45 | =90 | - - | maAde - - - -1 -] - - B - - | 4 |1,2,3,56,7,8,10,11,12,13,14
Current 11 - - |45 ] -90 | - - - - | -45 | <90 | - - | mAde - - N - - - - | 4 | 1,23,56,7,89,10,11,13,14
Output Voltage Voy | 12 |2.80| - [3.200 - 13.35| - [so00f - [310| - [315| - | v - 12 - -] - - - -] e 3,10,11
11 |2.80 3.20 3.35 3.00 3.10] - [3.15] - | vde - 11 Sl - - - - - - - |4 3,10,12
Vo | 12 - 040 - |o040| - [0.45] - |0.40| - [0.40| - | 0.45| vdc 120 - N - - - - |4 3,10
11 - |040| - o040] - |045] - [040] - |o0.40| - | 0.45]| vdc 11D - -l -l -]-]0 - - - - |4 3,10
Breakdown Voltage Iy 12 - |425] - |425| - |425] - |4.25| - |4.25| - | 4.25| mAde - - Sl - - - - - - 12| 4 1,2,3,5,6,7,8,10,11,13,14
11 - 425 - |425] - |425] - [4.25] - |4.25] - | 4.25| mAde - - -l -l -1-1- - - - 4 1,2,3,5,6,7,8,9,10,13,14
Power Requirements
(Total Pevice)
Power Supply Drain | IpD 4 - - 2 A T B U 4 | - | 14 | vde - - B e e - - . 3,10,12
Ipp 4 - 2| - 12 | - 12 | - 14 | - 14| - 14 | vde - - B - - - -] 4 3,10,11

* Prime Fan-Out

@ Momentarily ground pin prior to taking measurement at terminal.

(panuiuod) 99y I “9L7IIN/99GIN ‘9LGON



R-S FLIP-FLOP MTTL MC500/400 series

MC513 - MC563
MC413 - MC463

This device consists of two independent dual 4-in-
put NAND gates, internally cross coupled to realize a
multiple input R-S flip-flop. The circuit can be used
to eliminate switch contact bounce and to provide a
temporary storage for data.
Vee
11 12 4
R3 13 =
R1T 2 S 12
4.0k 1.3k 100 100 1.3k $4.0k Rz 3
5 omq 13
3 —
Si 2 S1 5 a
53 6 11
53 9
X R=2.3.13
§=5+6:9
Iy
Positive Logic =
1M1=Q=5+6+9+12
1.0k 1.0k
Total Power Dissipation = 30 mW typ/pkg
l Propagation Delay Time = 20 ns typ (to change state)
10
GND TRUTH TABLE (Positive Logic)
R s Q a
4] [} Not Permitted
0 1 o 1
1 ¢} 1 0
1 1 [} a
SERIES INPUT LOADING FACTOR  (Ig) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC513 1 (-1.33 mA) 15 MC500 series Gates (20 mA) —559C to +125°C
MC563 1Sem 7  MCS00 series Gates (10 mA)
MC413 1 (-1.66 ma) |12 MC400 series Gates (20 mA) 0°C to +75°C
MC463 : 6 MC400 series Gates (10 mA)
SWITCHING TIME TEST CIRCUIT T VOLTAGE WAVEFORMS AND DEFINITIONS
ViHx  TPout2 Vec Vee ’_"sr'r?a:s " [ % 5.0 ns max
+6.0 Vdc +5.0 Vdc 3.0V
TPin1 20V
RL* RL* in 1.5V
- 1.0V
Mcm1 GND
EQUIV ~—1f 5.0 ns
/ max
{r
1N3605 7
T ISDF EQUIV l=—ty 8.0 ns max
PRF = 2.5 MHz typ 15pF . v
PW = 200 ns TPout 1 L out 1 v
tr = 5.0 ns max ‘mcs13 —260 2 Y v
tf = 8.0 ns max MC563 — 570
MC413 — 330 2

NOTES: Rg =50 ohms

MC463 — 660

Ct = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF

T To measure top, tf for Q and to¢f, ty for

Q, reverse input polarities.

TPout 2
Q)

—-I |~—tf 5.0 ns max
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ELECTRICAL CHARACTERISTICS

R3 13 TEST CONDITIONS
2213 s
Test procedures are shown for only one 2—; 3 12 mA Volts
input. The other inputs are tested in the 1 I
same manner. @ Test o OH L| V, |V Ve 1 Vin1|Vino! Vour | Vec
5 s Temperafure P std | P sd in n H R th1| "tho| “out
52 6 911 —55°C| 20 | 10 |-1.5[-0.7[1.0[0.45| 2.8 | 4.5 | 2.0 1.0 5.5 | 5.0
53 9 MC513%, MC563 ¢ +25°C| 20 | 10 [-1.5}-0.7{1.0[0.45{ 2.8 4.5 [ 1.7]1.2]5.5 | 5.0
+125°C| 20 | 10 |-1.5|-0.7[1.0]0.45| 2.8 | 4.5 [ 1.4]0.9[5.5 | 5.0
0°C| 20 | 10 |-1.2|-0.6]1.0/0.45]| 3.0 | 4.5 | 1.9 1.15.5 | 5.0
MC413*, MC463 { +25°C| 20 | 10 [-1.2[-0.6[1.0|0.45]3.0| 4.5 [ 1.8 | 1.2[5.5 | 5.0
+75°C| 20 | 10 [-1.2]-0.6(1.0]0.45] 3.0 4.5 | 1.7|1.1]5.5 | 5.0
Pin | MCS13, MCSE3 Test Limits | MC413, MCA53 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C :
Characteristic Symbol | Test | Min [ Max | Min] Max | Min | Max | Min | Max | Min ] Max | Min[Max | Unit | o | low [l | Vi |V",,| Ve Ivm Vino Vouvl Vec| 6nd
Input
Forward Current IF 2 - [-1.33] - |-1.33] - |-1.33] - |[-1.66] - |-1.66/ - |-1.66|mAdc - - - - 3,13 - - - 4 2,10
5 - |-u33) - |-1.33] - [-1.33] - |-1.66] - |-1.66] - |-1.66/mAdc - - -l - -9 |- - 0-1]24 5,10
Leakage Current I 2 - {10 | - Jwof - 10| - [10] - [100] - |100]pade - - - - - 2 - -1 -14 | 31013
5 - {1w0]| - w0 | - |100]| - [100]|-|100]| - |100]pAde - - -l - - 5 - -] -4 | 69,10
Inverse Beta Current IL 2 - 100 - 100 - 100 - 100 | - 100 | - 100 | pAdc - - - - 2 - - - 4 5,6,9,10
5 - j100| - f1o0| - [100] - |100| - | 100]| - | 100 pAdc - - - - - 5 -l - - ] 4 | 23,1013
Breakdown Voltage BV. nor 2 5.5 - 5.5 - 5.5 - 5.5 - /5.5 - |5.5 - Vde - - 2 - - - - - 4 5,6,9,10
m 5 |5.5| - |55 - |55]| - |55 - [55] - [55] - | vde - - 5 - - - - | 4 | 231013
BV, .| 2 85| - [5.5] - |55f - [55] - [6.5] - [5.5] - [ vde - - 2 - - - - 14131013
1 5 |55 - |55| - |55| - |55] - [5.5] - |5.5] - | vac - - 5 . - -l - -1 4| 69,0
Output
Output Voltage Voaror| 11| - |0-45| - |o.45| - fo.45] - [0.45| - |0.45| - [0.45| Vac 11 - - - - 5 | - | - | 4 |253,0,13
Vo] 1|28 - 24| - |27 - 25| - |24 - [25] - | vdc B 11 = B B 5 | - 2,3,10,13
Leakage Current IOLK 11 - |12 - |1.25| - [1.25] - [|1.25]| - [1.25| - |1.25|mAdc - - - - - - - 11 4 5,6,9,10
Short-Circuit Isc 11 [-10]-45 [-10|-45 [ -10 | -45 [-10 | -45 [-10] -45 |-10 ] -45 [maAdc - - - - - - -1 -1 4 [569,0,11
Current
Output Voltage Vou 1 2.8 - [3.2] - [a.3] - [3.0] - [3.1] - [3.15] - [ vac - 1 - - B - -1 -1 4 |25310:13
VoL 10 | - [0.40| - |0.40| - [0.45] - [0.40| - |0.40| - |0.45| Vdc T = - 5 z T - - | 4 [2310,13
Power Requirements
(Total Device)
Power Supply Crain IPD 4 - - - 19.0 - - - - - 19.0 | - - |mAde - - - - - - - - 4 5,6,9,10
4 -l -] - |0 ]| - - - - | -]90] - | - |mAde - - - - - -l -] -] 4 |23013
Switching Parameters Pulse In_| Pulse Qut
Turn-On Delay ton Fl222 | - | - | - |30 - - - - -3 |- - | ns 2,5 12 - - - - -] e 10
Turn-Off Delay tof[ t]211 - - - 20 - - - - - 20 - - ns 2,5 11 - - - - - - 4 10
Rise Time |zl - | - |- feo] - - - - | -]80f - - | ns 2,5 11 - - - B N 10
Fall Time t t]212| - |- |- |s0]- -1 - -l -]s50] - - | ns 2,5 12 - - - N T A 10

* Prime Fan-Out

1 To measure ton, tf for Qand t

off’

t, for Q, reverse input polarities.

(penunuod) 9N “ELYIN/EISOIN ‘ELGON



DUAL 4-INPUT EXPANDER

FOR “NAND” GATES

MTTL MC500/400 series

MC511 - MC561
MC411 - MC461

13 12 1" 9

14 O ax:]

1 107

20 06

30 o6

7 ¥ 2
x 'y
ry i
y Y
@
GND

APPLICATION: EXPANDABLE 8-INPUT “AND-

GATE WITH A

OR-INVERT”

DUAL 4-INPUT EXPANDER

CONNECTED.

This device consists of two independent 4-emitter
input transistors, each of which performs the positive
logic AND function when used in conjunction with
expandable gates. The base and collector of each
device is available for expansion. Using the MC511
with the MC506 expandable gate, the number of AND
inputs can be expanded to 20.

14 A 12 Collector
=\ 13 Base
—! 9 Base

—\ 11 Collector

Total Power Dissipation = 0 mW typ/pkg

Propagation Delay Time:
Atpd =+3.0 ns typ
When added to the expandable
“AND-OR-INVERT" gate.
Atpd/pF = +1.6 ng/pF typ .
Caused by additional capacitance at
expander points.

WONOOT WN=

INPUT
TEMPERATURE
SERIES | LOADING (1)
FACTOR F RANGE
ﬂg‘;’;} 1 (—1.33mA) | —850C 10 +125°C
mgiél 1 (-1.66 mA) 0°C to +75°C

Full output loading factor of the expandable gate is maintained.

BV, «g~, VBE, IL TEST CIRCUIT

-

-

EXPANDABLE GATE
MC506
MC556
MC406
MC456

EXPANDER
MC511
MC561
Mca11
MC461

NV WN=HA ONOO WN =

POSITIVE LOGIC:

-~
2
=¥ Ki3 Collector
J
N
| Collector
. J

12=14¢1¢203e5e607e8e14¢102e3e5e507e8
L J L ]

EXPANDABLE GATE

EXPANDER

y 1N3605
OR
F EQUIV

* VR =0V for Vg test
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Collector
ELECTRICAL CHARACTERISTICS iz TEST CONDITIONS
Test procedures are shown for only one ggj_\m A Volt
expander. The other expander is tested in Emitter @ Test m ofts
a similar manner. Further, test procedures Emitter
are shown for only one input of the ex- gg—_—]:_\s Temperature IB‘ |52 Ii" VR Voc Ve
pander being tested. To complete testing, H -An —55°C 133 ) 1.0 4.5 . 15
sequence through remaining inputs. Collector o = : . : .
McsT 4 MC561 +25°C 1.33 1.0 1.0 4.5 ** 1.5
o
+H125°CI 1 53 1.0 1.0 4.5 o 15
o
0°C[ 166 1.0 1.0 4.5 = 1.5
MC411 , MC461 § +25°C 1.66 1.0 1.0 4.5 *x 1.5
+75°C| 1.66 1.0 1.0 4.5 ** 1.5
Pin | MCST1, MC561 Test Limits MCAT1, MC46] TestLimits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min [ Max | Min [ Max | Min | Max | Min | Max | Min] Max | Min| Max| Unit | las l ls2 l in I Ve | Voc | Ve Gnd
Leakage Current I 1 - |100] - |100| - |100| - |100]| - |100 | - [100 |pAdc 13 - - 1 - - 2,3,10,14
Inverse Beta Current IL 1 - 100 - 100 - 100 - 100 | - 100 - 100 |pAde - 13 - 1 12 - 10
Breakdown Voltage Bvin"O" 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vde - 13 1 - 12 - 10
BV, | 1 55| - |55 - [55] - [556] - [6.5] - [5.5] - [vde 13 - 1 - - - 2,3,10,14
Base-Emitter Voltage VBE 13,1 - 1.3 - 1.1 - 1.0 - 1.3 | - 1.2 - | 1.1 | vde 13 - - - 12 - 1,10
Base-Collector VBC 13,12 - 1.3 - 1.1 - 1.0 | - 1.3 | - 1.2 - 1.1 ] vde - 13 - - - - 10,12
Voltage
Offset Voltage VO 12% - 0.2 - 0.2 - 0.2 - 0.2 | - 0.2 - 10.2 | vde 13 - - - - - 1,10
Forward Beta hep 12 [ 3.0 - |3.0] - 3.0 - (3.0 - |30 - [3.0f - - 13 - - - - 12% 1,10

1 Ground inputs to expanders not under tests during ALL tests
* Measure Vo from Pin 12 to gnd
** Voltage obtained with two series diodes tied from collector to gnd.

I Measure IC and calculate Beta. (hFE = E




DUAL 4-INPUT EXPANDER
FOR “AND-OR-INVERT” GATES

MTTL MC500/400 series

MC510 - MC560
MC410 - MC460

Vee

i
¢
LI
o

-

o
Z

4.0 K3
GND
10 o—
4.0 k
5 9
ey
¢ 1
8
'y
Iy
3
1];

i
13

APPLICATION: EXPANDABLE 2-WIDE 4-INPUT, “AND-OR-
INVERT"’ GATE WITH A DUAL 4-INPUT EX-

This device consists of two independent 4-input
AND gates. The outputs of each gate are made avail-
able as ORing nodes. Using the MC509 series and the
MC510 series with any one of the basic expandable
gates, up to 10 AND gates can be ORed together.

Collector

2

= I
Emitter
Emitter

.

Collector

1

WN=

NOOm

Total Power Dissipation = 10 mW typ/Pkg.
Propagation Delay Time:
Atpd =+1.0 ns typ
When added to the expandable
““AND-OR-INVERT" gate.
Atpg/pF = +1.0 ns/pF typ
Caused by additional capacitance
at expansion points.

INPUT
SERIES | LOADING (Ig) TEMPERATURE
FACTOR F RANGE
MC510
MC560 1 (=1.33 mA) | —55°C to +125°C
MC410
MC460 1 (—1.66 mA) 0°C to +75°C

Full output loading factor of the expandable gate is maintained.

PANDER CONNECTED. VCE. VOH TEST CIRCUIT
EXPANDER
14
2 MC510 Vee
3 MC560 R1
e MC410
MC460
z ‘C COLLECTOR
111; - : g) Vce
0 MC505 ° “F EMITTER
2 MC555 Vihrar - v VoH
5 MC405 Vo' T €
6 MC455
70
8 s
EXPANDABLE
GATE =

POSITIVE LOGIC

12=(14¢1¢2°3)+(5°6°7°8)+(5°6¢7+8)+(1421+2+3)
L J L ]

EXPANDABLE GATE EXPANDER

R1 = 1.3 k ohms for VgH test. Adjustable
to obtain Ig on Vg test.
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ELECTRICAL CHARACTERISTICS

Collector

TEST CONDITIONS

14 =\12
Test procedures are shown for only one &@—\n @ Test mA Volts
ex;.»ar!der. The other expander is tested in Emitter Temperature | I | L, | Va | Ver | Ve2 | Ves |Vini| Vino| Your | Ver | Vern | Vee Veen
a similar manner. Further, test procedures Emitter o
are shown for only one input of the ex- s s —55°C|{4.0]1.0)4.51.00/0.90{0.8 |20/ 1.0|55| * | - |50/ -
pander being tested. To complete testing, ;@_s.. MC510 , MC560 § +25°C| 4.0 | 1.0 | 4.5 [0.85]0.75[0.8 |1.7| 1.2 | 5.5 | * ** (5.0]8.0
sequence through remaining inputs. Collector +125°C|{ 4.0 1.0 | 4.5 {0.65[0.55/0.8 |1.4|0.9|5.5 | * - |50] -
0°C|4.0|1.0 4.5 |0.90(0.80]| 0.8 |1.9 | 1.1|5.5 | * - |50 -
MC410 , MC460 { +25°C|4.0|1.0 | 4.5 {0.85(0.75|0.8 |1.8| 1.2 |5.5 | * ** |50 |70
+75°C|{ 4.0 (1.0 | 4.5 [0.75]0.65({0.8 |1.7| 1.1 5.6 | * - |50 -
i 0 imi t Limi
Pin MCiI , MC560° Test lumnso M°C410, MC46? Tes ": TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
. Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test [ Min] Max| Min] Max] Min| Max | Min | Max | Min] Max | Min] Max| Unit | 'c | i | Vo | Ver [ Vea | Ves [Vin1|Vino| You | Ver | Vern [ Ve [Veen| Gnd?
Input
Forward Current IF 1 - |-1.33] - |-1.33| - |-1.33| - |-1.66| - |-1.66| - |-1.66/mAdc| - - [2,3,14 - - - - - - - - 4 - 1,10
Leakage Current I 1 - |1w0| -|100| - |10 - |10 -|100]| - | 100 pAde| - - 1 - - - - - - - - 4 - | 23,1014
Inverse Beta Current IL 1 - 100 - 100 | - 100 - 100 | - 100 | - 100 | pAde| - - 1 13 - - - - - 12 - 4 - 10
Breakdown Voltage | BV, .| 1 |55 - [55( - |55) - |55 - |55 - |55 - |Vd]| - 1 - |13 - - - - - 12 | - 4 - 10
BV | 1 |55 - |55 - |55 - |55 - |55 - |55/ - |Vd]| - 1 - - - - - - - - - 4 - | 2,3,10,14
Output
Output Voltage Vox 12 | 4.8 - |48 - |48| - |48 - |48 - |48] - | Vdc]| - - - - |13 - - 1 - 12 | - 4 - 10
Ver @ 12 - {o0.65] - |0.65 - |0.65| - |0.65 - |0.65 - [0.65 Vde [ 12 | - - || - - 1 - - - - 4 - 10
Leakage Current IoLx 12 - {250 - |250| - |250| - | 250]| - | 250 - [ 250 | pAdc| - - - - -l - - 12| - - 4 - [1,2,3,10,14
Power Requirements
(Total Device) ®
Maximum Power I 4 - - - 10 - - - - - 10 - - |mAdc| - - - - - 9,13 | - - - - 11,12 - 4 1,2,3,10,14
max
Supply Current X
Power Supply Drain IPDH 4 - |2.5 - | 2.5 - | 2.5 - 180 - |30] - 3.0 |mAde| - - - - - |913) - - - - - 4 - 10t
IPDL 4 - 130] - (80| - |30 - 185| - (35| - | 3.5|mAde| - - - - - - - - - - - - 11,2,3,i0,14

* Indicated pins tied to Ve thru 1.3 k ohms + 1. 0% resistor.
** Indicated pins tied to Vooy thru 1.3k ohms & 1. 0% resistor.
1 Ground inputs to gate not under test during ALL tests, unless otherwise noted.
1 The inputs of both gates must be ungrounded.

@ VcE is referenced to the emitter voltage (Pin 13). The other gate is referenced to (Pin 9).

@ Pin 9 ties to Pin 13, Pin 12 ties to Pin 11.

(penuiuod) 09O ‘0L ¥ON/09SOIN ‘0LSON



4-WIDE 3-2-2-3 INPUT EXPANDER

FOR “AND-OR-INVERT" GATES

MTTL MC500/400 series

MC509 - MC559
MC409 - MC459

¥ Vee
y 4
13 ) 4
14
! \
2
1
]Fli\_‘ 4.0 k.
3
0 4.0 K
GND ¢| $40kgaok
) 4 12
5 7 ,} \
2z
9 e
f ¥
3
APPLICATION: EXPANDABLE 4-WIDE “AND-OR-INVERT”

GATE WITH A 4-WIDE 3-2-2-3 INPUT EX-
PANDER CONNECTED. .

This device consists of two 2-input and two 3-input
AND gates ORed together with the common ORing
nodes made available as the output. The basic expand-
able gate can be expanded up to 10 AND gates by
using the MC509 series or the MC510 series expand-
er package.

1
1

Emitter

12_\

Collector

VON O O W N =hw

Total Power Dissipation = 20 mW/pkag.
Propagation Delay Time:
Atpg = +4.0 ns typ (1.0 ns per ORed function)
When added to the expandable
““AND-OR-INVERT" gate.
Atpd/pF = 1.0 ns/pF typ
Caused by additional capacitance
at expansion points.

INPUT

TEMPERATURE

SERIES LOADING (Ig)

FACTOR F RANGE

MC509

MC559 1 (=1.33mA) | —55°C to +125°C

™

ng}gg 1 (—1.66 mA) 0°C to +75°C

Full output loading factor of the le gate is

VCE. VOH TEST CIRCUIT

-

OCON O MW N = &

——

OON O O W N =AW

EXPANDABLE
GATE

MC501
> MC551

MC401
MC451

J \

EXPANDER

Collector

MC509
> MC559
MC409
MC4a59

POSITIVE LOGIC:

Vce

R1

'C , COLLECTOR

g)vce
_L eMITTER ()VoH
T Ve

Vihe1"
Viheo"

?
l f, OTHER

GATES

R1 = 1.3 k ohms for Vg test. Adjustable
to obtain Ic on VCE test.

12=I(1401)+(2°3)+(5-6)+(7-809)J+‘(13014-1)+(2-3)+(5-6)+(7'8'9)

S|

EXPANDABLE GATE EXPANDER
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ELECTRICAL CHARACTERISTICS 2 TEST CONDITIONS
1
Test procedures are shown for only one in- 2 Emitter 12 @ Test mA Volts
" N ) N -
put of the device. To complete testing, se s -\ Temperature | Ic | L, | Ve | Ver | Vea | Vea | Vinr|Vino| Vour | Ver | Vern | Vee | Veen
quence through remaining inputs in the . Colector 11 o
same manner. N ~-55°C|4.0|1.0| 4.5 |1.00[0.90/0.8 |2.0|1.0(5.5 | * - |50 -
s MC509 , MC559 § +25°C|4.0{ 1.0 45 |o0.85/0.75(0.8|1.7|1.2]5.5]| * « 5.0 8.0
+1925°C{ 4.0 1.0| 4.5 |o0.65[0.55|0.8 [1.4 |0.9 |5.5 | * - |50 -
0°C|4.0|1.0| 4.5 |0.90/0.80| 0.8 |1.9| 11|55 * - |50 -
MC409 , MC459 ¢ +25°C|4.0|1.0| 4.5 [0.85/0.75/0.8 |1.8|1.2]5.5 | * ** |5.0]7.0
+75°C| 4.0 1.0 4.5 |0.75(0.65[0.8 | 1.7 | 1.1]5.5] * - |50 -
Pin | MC509, MCS59 Test Limits | MC409, MCAS9 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test [Min | Max | Min| Max | Min | Max | Min | Max | Min| Max | Min[Max] Unit | 'c | n | Ve [ Ver [ Ver | Ves |V Vino| Your | Ver | Vern | Vee | Veen Gnd
Input
Forward Current IF 1 - [-1.33] - |-1.33] - |-1.33 - |-1.66( - |[-1.66] - |-1.66| mAdc| - - 12,3,5,6,7,] - - - - - - - - 4 - 1,10
8,9,13,1
Leakage Current IR 1 - 100 - 100 - 100 - 100 - 100 - 100 | pAdce| - - 1 - - - - - - - - 4 - 2,3,5,6,7,8,
9,10,13,14
Inverse Beta Current I 1 -0 - 10| - [1w0| -]10| - |100]| - | 100] pAde] - - 1 12 | - - -1 - - 4 - 12,3,5,6,7,8,9,10]
Breakdown Voltage | BV, .| 1 |55| - |55| - |55| - [ 55/ - |55/ - |55/ - | vie| - 1 - 12 | - N I3 - 4 - 12,3,5,6,7,8,9,10)
BV, .| 1 |55| - [585| - 55| - |55 - |55 - |55 - | V|- 1 - - N - 4 - ] 2,3,5,6,7,8,9,
10,13,14
Output
Output Voltage Vou 11 |48 - |48 - |4a8| - | 48 - |4.8| - |48 - | vdc| - - - R TR I I U - 4 - 12,3,5,6,7,8,9,10)
Vog®| 11 | - |0.65| - |0.65| - |0.65| - |0.65] - |0.65] - |0.65 Vde |11 | - - 12 | - O I I - 4 - 12,3,5,6,7,8,9,10)
Leakage Current oLk 11 - |250| - | 250 | - |250 | - |250| - | 260 - | 250| pAde| - - - PO U T R I S § O - 4 - 11,235,678,
9,10,13,14
Power Requirements
(Total Device)
Maximum Power I ax 4 -l - -0 | -] - - - | - ]2 | -] -|mAde] - - - N T I e e R 1n | - 4 | 1,2,3,5,6,78,
Supply Current 9,10,13,14
Power Supply Drain IPDH 4 - 5.0 - 5.0 - 5.0 -16.0]| - | 6.0 - | 6.0 | mAdc]| - - - - - 12 - - - - - 4 - 10
1 4 - leo| - 60| - |60] -]70| - |70] -|70]|mAde| - - - - - - - - - - 4 - | 1,235,678,
PDL 9,10,13,14

* Indicated pins tied to Vo thrul.3 kohms + 1. 0% resistor.
** Indicated pins tied to Vocy thrul. 3 kohms £ 1,0% resistor.
(@ Vg is referenced to the emitter Voltage (Pin 12).

(panunuod) 6GIN ‘60%IN/6SSON ‘60SON



DUAL 4-INPUT LINE DRIVER

MTTL MC500/400 series

MC507 - MC557
MC407 - MC457

Each of the two independent drivers in the package
consists of a 4-input AND gate driving an output in-
verter. The output inverter is capable of supplying

Vee twice the drive of the basic gates. The line driver is
4 especially useful for driving high capacitive loads or
I . for driving large fan-outs such as the numerous clock
2.4k$ 50031503 75 75 $1503500 S 2.4k inputs of large counters.
1%0—0’ ;/ \: \o-og
\p-1+-0
3% HC H hisd: 13
! ° ;@_12
3
12 11 g
ry X 7 "
% 3 s
Iy Y
Iy F
< 25 253 > 500 Positive Logic:
soo k k 1 12=T7+2+3+13
l Negative Logic:
10 12=1+2+3+13
GND
Total Power Dissipation = 60 mW typ/pkg
Propagation Delay Time = 25 ns typ @ 1000 pF Load
SERIES INPUT LOADING FACTOR  (If) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC507 30 MCS500 series Gates (40 mA) o o
MC557 1.8 (-20mA)*| 15 MC500 series Gates (20 mA) —559C to +1259C
Mcao07 24 MC400 series Gates (40 mA) o o,
MC457 1.5 (-25mA)*| 13 MCA400 series Gates (20 mA) 09C to +75°C
*Use | value of gate being driven (-1.33 or -1.66) to
calculate output drive capability of line driver.
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
SWITCHING
CHARACTERISTICS
Max Limits
CT (pF) ns
ton1| 1000 50
ton2| 150 25
toff 1| 1000 40
+3.0V toff 2| 150 25
oV J_L 0 :,1 1000 30
t2 | 150 12
tq | 1000 30
4 150 15
L2 GND
¥1N3605 ¥ 1N3605
AcT OR OR
15 pF ¥ eauiv ¥ eauiv
ViHx TPout =
+3.0V *MC507 —260 £
: MC557 — 570 2 GND
PRF = 1.0 MHz typ NOTES: MC407 — 330 2

PW = 200 ns
t, = 5.0 ns max
tf = 5.0 ns max

Rg = 50 ohms

C = the total parasitic capacitance which includes

MC457 — 660 2

probe, wiring, and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF
Ground inputs to all gates not under test.
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TEST CONDITIONS

mA Volts
ELECTRICAL CHARACTERISTICS | |
@ Test o on Vi | Vir | Ve [V | Vi o[ Vaur 1| Vaur 2l Vou | Vee | Veen | V
Test procedures are shown for only one de- '3@_ 1 Temperature [ pr* [ std | Pr ] Std | ™| ™| M| R | 7| tho|Tout Tout2) ToL | Tce | TCcH | TiHX
ice. vice is tested i
vice. The other device is tested in the same 3 —55°C| 20 |20 13.0]-1.5]1.0]045] 28| 45 | 20| 101 55 N a0l - "
manner. Further, test procedures are shown H MC507%, MC557 +05°
for only one input of the device under test. ;@—n ’ 25°c 40 | 20 [-3.0|-1.5(1.0/0.45| 2.8 | 4.5 | 1.7|1.2| 5.5 | 6.5 |8.0| 5.0( 8.0 | 3.0
To complete testing, sequence through re- +125°C{ 40 | 20 |-3.0/-1.5|1.0/0.45/2.8 | 4.5 | 1.4/0.9]55 | - - |50 - -
maining inputs. 0°C| 40 | 20 |-2.4|-1.2|1.0]0.45|3.0| 4.5 | 1.9 | 1.1 5.5 - - | 50f - -
MC407*, MC457 +25°C| 40 | 20 |-2.4|-1.2]|1.0[0.45{ 3.0 | 4.5 | 1.8 |1.2| 55 | 6.5 |80 50|70 |30
+75°C| 40 | 20 |-2.4|-1.2|1.0]0.45|3.0] 45 |17|11] 55| - - |50 - -
Pin | MC507, MCSS7 Test Limits | MCAQ7, MC4S7 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min | Max | Min [ Max Min [ Max | Min | Max | Min] Max | Min| Max | Unit oo [ low l ln | Vau |Vm l Ve !levﬂ.o Vourt an[VOLl Vcclvccul Viux Gnd t
Input
Forward Current lF 1 - |-2.0 - (-2.0f - |-2.0| - |-2.5] - [-2.5 - |-2.5/mAdc - - - - - 12,3,13| - - - - - 4 - - 1,10
Input Leakage Current lR 1 - | 200 - | 200 - | 200 - | 200 - 1200 | - | 200 | pAde - - - - - 1 - - - - - 4 - - 2,3,10,13
Inverse Beta Current lL 1 - | 200 - 200 - | 200 - | 200 - | 200 - | 200 [ pAde - - - - - 1 - - - - - 4 - - 10
Breakdown Voltage Bvin"O" 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vde - - 1 - - - - - - - - 4 - - 10
BV, .| 1 55| - |55 - |55 - |55 - |55 - |55] - | Vde - - 1| - - B [ B B N - - 2,3,10,13
Output
Output Voltage out 0" 12 - 10.45| - [0.45| - [0.45 - |0.45| - |0.45| - |0.45| Vdc 12 - - - - - 1 - - - - 4 - - 10
outnie | 12 |25 - [zA[ - [27[ - [25[ - [24] - [25[ - [Vde - 12 - - B - N B B -4 - - 10
Low Current
MC507/407 o 12 | - | - |wo| - - - - | - fwo| - | - | - |mAde - - - - - - - - - - 12 | 4 - - 10
MC557/457 12 | - | - |60 | - - - -l - 80| - | - | - |mAde - - -l - - - - - - 12| 4 - - 10
Breakdown Current IO 12 - - - 1.0 - - - - - |10 - - | mAdc - - - - - - - - - 12 - 4 - - 1,2,3,10,13
Leakage Current oLk 12 | - |250 | - |250 | - |250 [ - |250 | - | 250 | - |250 | pAdc - - - - - - - - 12 - -] 4 - - 1,2,3,10,13
Short-Circuit Ige 12 | -50 |-150 | -50 [-150 | -50 |-150 | -50 [-150 [ -50 | -150 | -50 | -150 | mAdc - - - - - - - - B - -4 - - 11,2,3,10,12,13
Current
Output Voltage You 12 2.8 - [3.2] - |38 - 30| - [3.1] - [3.15 - | Vdc - 12 -1 - - -1 - - - -4 - - 10
VoL 12 | - |0.40| - |0.40] - |0.45 | - |0.40 | - |0.40| - |0.45] Vdc 12 p 1 - 1 - - - - B - - 10
Power Requirements
(Total Device)
Maximum Power lmax 4 - - - 15 - - - - - 15 - - |mAdc - - - - - - - - - - - - 4 - 1,5,10
Supply Current
Power Supply Drain IPDH 4 - 28 - 28 - 28 - 34 - 34 - 34 |mAdc - - - - - - - - - - - 4 - - 101
— ) e |- ) |1t | - | 11| - | 11 |mAdc B - - B E - B B | 4 - B 1,5,10
Switching Parameters Pulse In | Pulse Out
Turn-On Delay @ [tz | - | - |- (50D - | - - - - 150®@f - | - | ns 1 12 - - R - - N - 283 10
Turn-Off Delay ‘oﬁ® g | - | - | - 9@ - | - - - - la0®f - | - | ns 1 12 B - - - - - - " - 23,13 10
Rise Time L@ |12 | - | - [ - fa® - | - |- - [ - |30® - | - | ns 1 12 - - - - - - -] e - [2813 10
Fall Time O N e I IR E T B - - 0@ - | - | ns 1 12 - - - - - - - - a | - [2313 10

* Prime Fan-Out.

t Ground inputs to gates not under test during ALL tests, unless otherwise noted.

1 The inputs to all gates must be ungrounded.

DValues @ 1000 pF load.

(Panunuod) /GO ‘LOVIIN/LSSON ‘LOSON
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DEVICE SPECIFICATIONS

GATES
MC2105,2155/MC2005,2055
MC2103,2153/MC2003,2053
MC2100,2150/MC2000,2050

Single 8-Input NAND Gate

Dual 4-Input NAND Gate
Expandable 2-Wide 4-Input
AND-OR-INVERT Gate

Quad 2-Input NAND Gate
Expandable 4-Wide 2-2-2-3 Input
AND-OR-INVERT Gate

Triple 3-Input NAND Gate
Expandable Dual 2-Wide

2-Input AND-OR-INVERT Gate

MC2101,2151/MC2001,2051
MC2104,2154/MC2004,2054

MC2107,2157/MC2007,2057
MC2113,2163/MC2013,2063

FLIP-FLOPS

MC2109,2159/MC2009,2059
MC2110,2160/MC2010,2060

EXPANDERS
MC2106,2156/MC2006,2056

MC2102,2152/MC2002,2052

AND J-K Flip-Flop
OR J-K Flip Flop

Dual 4-Input Expander for
AND-OR—INVERT Gates

4-Wide 3-2-2-3 Input Expander for
AND-OR-INVERT Gates

4-54
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NUMERICAL INDEX

o (Functions and Characteristics)
Veg =5.0Vde, To=25 C

Type Output .
. Propagation
Loading Power Page
Case Case Factor Delay Dissipation No.
Function 609, 93 609 Each Output tpd mWw
0 to +75°C | -55 to +125°C | MC2000 | MC2100 ns typ typ/pkg
Series Series
Expandable 2-Wide 4-1nput MC2000 MC2100 9 1M 27 466
AND-OR-INVERT Gate MC2050 | MC2150 5 6 7.0 -
Quad 2-input NAND Gate MC2001 MC2101 9 11
MC2051 | MC2151 5 6.0 88 468
4-Wide 3-2-2-3 Input MC2002 MC2102 9 1 28 487
Expander for AND-OR-INVERT Gates MC2052 MC2152 5 -
Dual 4-Input NAND Gate MC2003 MC2103 9 11
MC2053 MC2153 5 6.0 44 464
Expandable 4-Wide 2-2-2-3 |nput MC2004 MC2104 9 1 2.0 35 470
AND-OR-INVERT Gate MC2054 MC2154 5 .
Single 8-Input NAND Gate MC2005 MC2105 9 1
MC2055 | MC2155 5 6 80 2 462
Dual 4-Input Expander for MC2006 MC2106 9 11 14 485
AND-OR-INVERT Gates MC2056 MC2156 5 -
Triple 3-Input NAND MC2007 MC2107 9 1 6.0 66 472
Gate MC2057 MC2157 5 6 :
AND J-K Flip-Flop MC2009 MC2109 9 1 B
MC2059 | MC2159 5 f =30 MHz 40 476
OR J-K Flip-Fiop MC2010 MC2110 9 11 B
MC2060 | MC2160 5 f = 30 MHz 50 481
Expandable Dual 2-Wide
oua - MC2013 MC2113 9 1 :
é-;;\eput AND-OR-INVERT MO2063 MO2163 s 6 8.0 58 4-74

4-55



LOGIC DIAGRAMS L MTTL Il MC2100/2000 series

—GATES

MC2000/MC2050 MC2001/MC2051
MC2100/MC2150 MC2101/MC2151
Expandable 2-Wide 4-Input Quad 2-Input NAND Gate

AND-OR-INVERT Gate

” T
3 =12
é 2
12 5 =
5 6 7 =546
7
; 8 SZD— 11 =8+9
Emitter 13 9
Collector 9
DS
14 =12-+13
12=(14+1e2¢3)+ (5«6 7+8)+... 13
tpg = 7.0 ns typ tpd = 6.0 ns typ
Pp =27 mW typ/Pkg Pp = 88 mW typ/Pkg
MC2003/MC2053 MC2004/MC2054
MC2103/MC2153 MC2104/MC2154
Dual 4-Input NAND Gate Expandable 4-Wide 2-2-2-3 Input

AND-OR-INVERT Gate

14
g:):)—m =7e2¢313 . 11
@—11 =5e6¢7+9
Emitter 13
Collector 12

tpg = 6.0 ns typ
Pp = 44 mW typ/Pkg

-

-

ONOU WN=W
VON O O W N

11 =(14°1)+(223)+(5+6)+(7+8+9)+ ...

tpd = 7.0 ns typ
Pp =36 mW typ/Pkg

MC2005/MC2055 MC2007/MC2057 MC2013/MC2063
MC2105/MC2155 MC2107/MC2157 MC2113/MC2163
Single 8-Input NAND Gate Triple 3-Input NAND Gate Expandable Dual 2-Wide 2-Input

AND-OR-INVERT Gate

14
1
1 1
13
2 2 5
6 12 6 3
7 7 9
9 33 ) 5
13 6
11
12
12 14 9
12=14+23+56+7+9+13 13
11
5=7+2+3 Emitter 7
Collector 8
th,g=8.0nst o
pd ~ e 13= A AD 723
Pp =22 mW typ/Pkg tpd = 6.0 ns typ 12=(5% B F (@1 F -
Pp = 66 mW typ/Pkg tpd = 8.0nstyp Pp =58 mW typ/Pkg
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LOGIC DIAGRAMS (continued)

—EXPANDERS

MC2002/MC2052
MC2102/MC2152
4-Wide 3-2-2-3 Input Expander
For AND-OR-INVERT Gates

-

WHON O O W N =dw

1
Emitter

Collector 11

Pp =28 mW typ/Pkg

MC2006/MC2056
MC2106/MC2156
Dual 4-Input Expander For
AND-OR-INVERT Gates

Collector
14 . P
2 \
2 —313
Emitter
Emitter
5 Ny
i \
8 —3n
Collector

Pp = 14 mW typ/Pkg

— FLIP-FLOPS

MC2009/MC2059
MC2109/MC2159
AND J-K Flip-Flop

RESET 13———I

K3 14
K$ 2 Qp—12
CLOCK 3
J 5 —
36 er—mn
3 7
SET 8 ———J l
PRESET 9
J K Qn [Qn+1
o 0 o] o
o o] 1 1
o] 1 (o] (8]
o] 1 1 o]
1 (o] o] 1
1 o] 1 1
1 1 o] 1
1 1 1 o]

Where J = Jq * Jp * J3
K=Kq®Ko*Kg

f =30 MHz
Pp = 40 mW

MC2010/MC2060
MC2110/MC2160
OR J-K Flip-Flop
Mo 13
M3 12
o 1 a 12
K 2
CLOCK 3
Ji1 5
J 6
2 QpF— 11
Ly 7
L, 8 l
SET 9
J L K M | a, | Qni
o} 0 X X ] (o}
1 X X X 0 1
X 1 X X 0 1
X X [¢] [o] 1 1
X X 1 X 1 (8]
X X X 1 1 ]
X = Don’t Care
Where J = Jq*Jy
L=1Lq=Ly
K=KqeKp
M =Mq My
f =30 MHz
Pp = 50 mW




GENERAL INFORMATION
MTTL 11 SECTION

FIGURE 1—TYPICAL MTTL II CIRCUIT

INTRODUCTION
MTTL 1l transistor-transistor logic is a high-speed, high- i ?
noise-immunity family of saturatingintegrated logic circuits.
S >
The MTTL Il family provides a speed extension of the 3: 3:

medium-speed MTTL family. The circuits in the MTTL I
family are identified by a multiple emitter input transistor
and a two-stage active “pull-up” in the upper output net-
work as shown in Figure 1.

The multiple emitter input configuration offers the max-
imum amount of logic capability in the minimum physical
area and provides improved switching characteristics during
turnoff. Clamp diodes are provided at each of the inputs
to limit undershoot that occurs in typical system applica-
tions such as driving long interconnect wiring. The two- It
stage output configuration provides very low output im-
pedances in each of the two output states. These low im-
pedances result in excellent ac noise immunity and allow
high-speed operation while driving large capacitive loads.

oho

AAA.
—AAA

MAXIMUM RATINGS

Rating Value

Supply Voltage — Continuous MC2100 Series +8.0
MC2000 Series +7.0

Supply Operating Voltage Range 4.5t0 6.0

Input Voltage +5.5

Output Voltage +5.5

Operating Temperature Range MC2100 Series -55 to +125
MC2000 Series 0 to+75

Storage Temperature Range Flat Package -65 to +200
Plastic Package -55 to +125

Maximum Junction Temperature
MC2100 Series +175
MC2000 Series +150

Thermal Resistance - Junction To Case (6 ,¢c)
Ceramic Flat Package 0.09
Plastic Dual-In-Line 0.15

Thermal Resistance - Junction To Ambient (6 4)
Ceramic Flat Package 0.26
Plastic Dual-In-Line 0.30
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TYPICAL CHARACTERISTICS

BREADBOARDING SUGGESTIONS

When breadboarding with any form of high-speed, high-per-
formance TTL, the designer must continually be aware of the fact
that he is working with the fastest form of saturating logic avail-
able in the industry today. The switching speeds, especially the
frequencies associated with the very fast rise and fall times of the
circuits, are in the RF range and good high-frequency layout tech-
niques should be used. The following breadboarding suggestions
have been included to help the designer in his initial circuit layout.
In many cases the breadboarding suggestions will have to be mod-
ified to meet the requirements of the designer’s specific application.

Power and Ground Distribution

Special care should be taken to insure adequate distribution of
power and ground systems. The typical rate of change of currents
and voltages for a single MTTL |l gate is in the range of 107 A/s
and 108 V/s respectively. These figures reflect the necessity fora
low-impedance power supply and ground distribution system, if
transients are to be minimized and noise margins maintained. The
use of AWG No. 20 wire or larger is often required. For printed
circuitry, line widths of 100 mils or more are often necessary. A
ground plane is desirable when using a large number of units.

Bypassing

To reduce supply transients, the breadboard should be bypassed
at the point where power is supplied to the board and at intervals
throughout the board. The use of a single bypass capacitor at the
output terminal of the power supply is not adequate in a bread-
board utilizing the fast rise and fall time MTTL Il circuits. A com-
paratively large, low-inductance type capacitor (in the 1.0 uF range)
is suggested at the point where power and ground enter the board.
In many cases it has been found that distributing 0.01 uF capaci-
tors for every five packages throughout a breadboard is adequate
to supress normal switching transients. It is also suggested that a
bypass capacitor be placed in close proximity to any circuit driving
a large capacitive load.

4-59

Power Dissipation

The standard supply voltage of the MTTL 1l logic circuits is
+5.0 Vdc.The typical average dc power dissipation is given for each
MTTL 1l circuit.(2) It should be noted that the totem pole output
common to all high level MTTL circuits has an associated ac power
dissipation factor. This factor results from the timing overlap of
the upper and lower output transistors during the normal switching
operation and is typically 0.7 mW/MHz/output for a 15 pF load.
This ac power dissipation should be added when calculating the
total power requirements of the MTTL Il circuits.

Unused Inputs and Unused Gates

The unused inputs of any MTTL Il logic circuit should not be
left open, and can either be tied to the used inputs or returned to
the supply voltage. This will reduce any potential problems result-
ing from external noise. If the inputs are returned to the supply
voltage, care should be taken to insure that the supply voltage does
not exceed the maximum rated input voltage of 5.5 volts. If the
supply can exceed 5.5 volts, the unused inputs must be returned
to a lower voltage. The total number of inputs that can be tied to
the output of any driving gate is 50. (This is defined as high state
output loading factor.) It should be noted that the low state out-
put loading rules must still be maintained. The minimum logical
1" level for the high state output loading is summarized for Vcc
=5.0V, V| =0.45V and Igy = —5.0 mA:

MC2100/2150 Series — Vo = 2.7 volts minimum @ —550C
MC2000/2050 Series — Vg = 2.9 volts minimum @ 0°C

The unused inputs of the various flip-flops may be tied back to
their associated outputs. To determine which outputs are related
to each set of inputs by internal feedback, refer to the circuit
schematics.

The inputs of any unused gate in a package should be grounded.
This places the gate in its lowest power condition and will help to
eliminate unnecessary power drain.




Expanders and Expander Nodes

The ORing nodes of all the MTTL Il AND-OR-INVERT gates
are made available for expanding the number of AND gates to 10.
Since these are comparatively high-impedance nodes, care should
be taken to minimize capacitive loading on the expander terminals
if switching speed is to be maintained. When an expander is to be
used with an expandable AND-OR-INVERT gate, it should be
placed as close as possible to the gate being expanded. The increase
in the average propagation delay per AND gate added to an expand-
able AND-OR-INVERT gate is typically 1.0 ns/AND gate. The in-
crease in average propagation delay as a function of capacitance
added to the expander nodes is typically 0.7 ns/pF.

Output OR (AND) Function

Unlike the MDTL family of logic circuits, the outputs of the
MTTL Il logic circuits cannot be tied together to perform the output
OR, or more correctly, the output AND function. If the outputs of
the MTTL Il family devices are tied together, it would be possible
for the lower output transistor of one circuit and the upper output
transistor of another circuit to be “on’* simultaneously. This con-
dition provides a low-impedance path from Vcc to ground and the
current that flows (approximately Isc) exceeds the guaranteed sink
current. As a result, the saturated state cannot be maintained and
the desired logic function is not satisfied.

Operating Characteristics of Flip-Flops

The general operating characteristics and restrictions for the
MC2109/MC2110 series J-K flip-flops are as follows:

The clocked inputs are inhibited when the clock is in the low
state, and data should be applied and allowed to settle. The clocked
inputs are enabled when the clock goes high and data enters the
flip-flop. The data is temporarily stored in the charge-storage sec-
tion (temporary memory) while the clock is in the high state. This
data is transferred to the bistable section on the negative clock
transition.

The data on the clocked inputs should not be changed while the
clock is in the high state. Data changes during this clock condition
require 300 ns settling time.

The direct SET, PRESET, and RESET inputs do not directly
affect the charge-storage section and therefore should not be used
while the clock is high. On the negative transition of the clock,
previously stored data may override the asynchronous set output
state. Further, the direct SET, PRESET, and RESET inputs do not

GENERAL INFORMATION
SECTION

override the clock and will not control the state of the flip-flop
until 100 ns after the negative transition of the clock. The clock sig-
nal must conform to the following boundary conditions at +125°C.

Maximum guaranteed clock frequency = 30 MHz
Maximum clock fall time =100 ns
Minimum clock pulse width = 15ns
Minimum clock pulse amplitude =18V
Maximum negative clock voltage =—-05V

Note: These boundary conditions for operation are not defined as
occuring simultaneously.

The transfer of data from the charge storage section to the bi-
stable section is essentially an ac operation and thus results in the
restriction of the clock fall time. If the clock fall time is greater
than 100 ns, the information retained in the charge-storage section
may not be transferred to the bistable section. The flip-flop will
operate from very low frequencies to 30 MHz as long as the clock
fall time is less than or equal to 100 ns.

Large negative clock excursions may cause incorrect data trans-
fers to the bistable section during the transfer cycles. Therefore,
the most negative clock signal should be limited to —0.5 volt.

(UThe switching characteristics of the MTTL |i family are defined
with respect to the associated transitions of the voltage waveforms.
The average propagation delay is defined as the average of the turn-
on delay and the turn-off delay measured from the 1.5 V point of
the input to the 1.5 V point of the associated output transition or:

= fon * toff o
2

tod
Rise time is defined as the positive going transition of the output
from the 1.0 V to the 2.0 V level. Fall time is defined as the nega-
tive transition of the output from the 2.0 V to the 1.0 V level.
(2) 1 + 1

Pp= FRLT PDH (v
2

where lpp and Ippy are the typical dc current drains at Vee =
+5.0 V.

MC2000/2050 and 2100/2150 MTTL |i* series integrated circuits are electrically
interchangeable with SUHL |1t series logic circuits as shown in the cross reference below.

SG 55 to +125°C 0 to +75°C
SF -
NUMBER Description Fan-Out = 11 | Fan-Out = 6 | Fan-Out = 9 | Fan-Out = 5
$G210-213 Expandable 2-Wide 4-Input
AND-OR-INVERT Gate Mc2100 MC2150 MC2000 MC2050
$G220-223 Quad 2-Input NAND Gate MC2101 Mc2151 MC2001 MC2051
$G230-233 4-Wide 3-2-2-3 Input Expander
For AND-OR-INVERT Gates Mc2102 MC2152 Mc2002 MC2052
$G240-243 Dual 4-Input NAND Gate MC2103 Mc2153 Mc2003 MC2053
$G250-253 Expandable 4-Wide 2-2-2-3
Input AND-OR-INVERT Gate MC2104 MC2154 MC2004 MC2054
S$G260-263 Single 8-Input NAND Gate MC2105 MC2155 MC2005 MC2055
SG270-273 Dual 4-Input Expander
For AND-OR-INVERT Gates MC2106 MC2156 MC2006 MC2056
- Triple 3-Input NAND Gate MC2107 MC2157 MC2007 MC2057
SF250-253 AND J-K Flip-Flop Mc2109 MC2159 MC2009 MC2059
SF260-263 OR J-K Flip-Flop Mc2110 MC2160 MC2010 MC2060
$G310-313 Expandable Dual 2-Wide
2-Input AND-OR-INVERT Gate MC2113 MC2163 MC2013 MC2063

*Trademark of Motorola.Inc.
1Trademark of Sylvania Electric Products, Inc.
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SINGLE 8-INPUT “NAND" GATE

MTTL Il MC2100/2000 series

MC2105 - MC2155
MC2005 - MC2055

This device is an 8-input NAND gate. It is useful
Vee when processing a large number of variables, such as
4T in encoders or decoders.
25k 3 800 180 91 .
2
3
| K g 12
7
) 9
13
1 04 12
2014
3 o114
5
(75 I'\ Positive Logic:
12=7+2+3+5+6+7+9+13
4 600 3.5k
2 * Negative Logic:
& 12=T+2+3+56+6+7+9+13
X | IX
F YRR Y GND
010 Total Power Dissipation = 22 mW typ/Pkg
Propagation Delay Time = 8.0 ns typ
SERIES INPUT LOADING FACTOR  (Ig) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC2105 1 MC2100 series Gates 22 mA o o
MC2155 ! —2.0mA 6  MC2100 series Gates 12 mA —559C to +1259¢C
MC2005 _ 9 MC2000 series Gates 22.5 mA o o,
MC2055 ! 2.5 mA 5  MC2000 series Gates 12.5 mA 09C to +750C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
Vee
TPin +5.0 V
+3.0V
ov

PRF = 1.0 MHz typ
PW = 200 ns
t, = 5.0 ns max
¢ = 5.0 ns max

MC2103
MC2153

NOTES:
RG = 60 ohms

Cy = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF
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TEST CONDITIONS

ELECTRICAL CHARACTERISTICS mA Volts
1
Test procedures are shown for only 2 @ Test loy lon vy v v v v vl v
one input of the device. To complete § 2 Temperature [ pr* [ 5d | Pr | Std| ™| ™| ™| ® th1|Yiho| Your | Yec | YecH | Vimx
. - H .
testing, sequence through remaining = ) —55°C{22.0 |12.0{-2.2|-1.2{1.0]0.45]| 2.7 |-4.5 | 2.0 | 0.9 5.5 | 5.0| - -
inputs in the same manner. MC2105*, MC2155 { +95°C|22.0 [12.0[-2.2]-1.2]1.0|0. 45| 2.7 | 4.5 | 1.7 1.1|5.5 [ 5.0{ 8.0 | 3.0
+125°C|22.0 [12.0|-2.2|-1.2|1.0]0.45| 2.7 | 4.5 | 1.4 ] 0.9]5.5 | 5.0| - -
0°C|[22.5 [12.5]-1.8{-1.0{1.0|0.45| 2.9 | 4.5 | 1.9 1.0|5.5 | 5.0] - -
MC2005%, MC2055 { +25°C|22.5 |12.5|-1.8|-1.0(1.0]0.45|2.9 | 4.5 | 1.8 |1.1[5.5 | 5.0 7.0 | 3.0
+75°C|22.5 [12.5|-1.8-1.0]/1.0/0.45| 2.9 | 4.5 | 1.7 1.0 5.5 | 5.0| - -
Pin | MC2105, MC2155 Test Limits | MC2005, MC2055 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test MinlMax MinIMax Min | Max | Min | Max | Min | Max MinlMax Unit loy lon Lo | Vie [ Vie | Vo | Vin1[Vino | You | Vec | Veen | Vix | Gnd
Input
Forward Current - 1 - |-2.0| - {-2.0| - |-20] - |-2.5] - |-2.5| - |-2.5|mAdc - - O R P X B S - - 1,10
7,9,13
Leakage Current IR 1 - {100 - | 100 - 100 - | 100 - | 100 - | 100 | pAdc - - - - - 1 - - - 4 - - 2,3,5,8,7,
9,10,13
Inverse Beta Current| I 1 - [0 | - |10 | - f100 | - |100 | - 100 | - |100 |pAde - - -l - - 1 RERE - - 10
Breakdown Voltage | BV, .o.| 1 [55] - [5.5| - [55]| - [|55| - [5.5] - |55 - | Vde - - I - N R R It - - 10
BV, ...| 1 |55| - |55]- |55]- |55|- [55|- [556] - |Vde - - 1] - - - O I ! - - 2,3,5,6,7, |
in"1 i |
9:10,13
Output
Output Voltage Vout vor | 12 - {045 - (0,45 - 10.45 - {045 - 10.45] - 0.45 Vde 12 - - - - - 1 - - 4 - - 10-
Vool 12 f25] - |24 - |25 - |25 - |24] - |25| - | vde - 12 - |- - I T R - - 10-
out "1
Leakage Current ok 12 | - 250 | - |250 | - [250 | - |250 | - |250 | - |250 |pAde - - -l - - - -l - 2| o - - 1,2,3,5,6,T,
9,10,13
Short-Circuit Ige 12 | -25 |-100 | -25 [-100 | -25 [-100 | -25 |-100 [-25 |-100 | -25 |-100 |mAdc - - - -] - - N A - - 1,2,3,5,6,7,
Current 9,10,12,13
Output Voltage VoL 12 | - |o.40| - fo.40| - Jo.a5 | - 0.40{ - Jo.40 | - |0.45| Vde 12 - - - - N - - 10
Vou 12 |2.70| - [s.10] - [3.15] - 29| - [3.0] - [3.0| - | Vde - 12 S T - B 4 - - 10
Power Requirements
(Total Device)
Maximum Power 1 4 - - - |6.50 | - - - - - |6.75 | - - |mAdc - - - - - - - - - - 4 - 1,10
max
Supply Current
Power Supply Drain | Ippy [ 15 |- |75 | - |75 | - |10 | - |10 | - | 10 [mAde B B [ R - B B B 10
IPDL 4 - 3.175 - 3.75 - 3.75 - 5.0 - 5.0 - 5.0 |mAdc - - - - - - - - - 4 - - 1,10
Switching Parameters Pulse In | Pulse Out
Turn-On Delay ton 1,12 - - - 12 - - - - - 12 - - ns 1 12 - - - - - - - 4 - 2,3,5,6, 10
7,9,13
Turn-Off Delay toff 1,12 - - - 10 - - - - - 10 - - ns 1 12 - - - - - - - 4 - 2,3,5,6, 10
7,9,13
Rise Time t 12| - | - - lao | - | - -l - |- |40 ] - |- |ns 1 12 -l - - - e - (2,356 10
7,9,13
Fall Time 4 12| - | - - 30| - |- - |- 130 |- |- |ns 1 12 - - - ! - (2,356 10
7,9,13

* Prime Fan-Out.
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DUAL 4-INPUT “NAND” GATE

MC2103 - MC2153

MC2003 - MC2053

MTTL Il MC2100/2000 series

This device consists of two 4-input NAND gates. The
Vee gates can be cross coupled to form a multiple-input
a T R-S flip-flop or acircuit for eliminating contact bounce.
2.5k$ sooi 1803919131803 800 2.5k
13
‘3*“5/ \E Fog '5:}_‘2
1 o4 -0 6 3
2 o414 o 7
: < J 9
12 °
r Y Iy
x " X
Positive Logic:
I 1% 12=T+2+3+13
7'y X N . .
6003 335 353 3600 egative Logic:
00 Kk PR IR 12=17+2+3+13
10l
GN .
o Total Power Dissipation = 44 mW typ/Pkg
Propagation Delay Time = 6.0 ns typ
SERIES INPUT LOADING FACTOR  (Ig) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC2103 _ 11 MC2100 series Gates 22 mA _&c0 o,
Mc2153 ! 2:0mA 6  MC2100 series Gates 12 mA 55°C to +125°C
MC2003 _ 9 MC2000 series Gates 22.5 mA o 0,
MC2053 ! 2.5 mA §  MC2000 series Gates 12.56 mA 09C to +75°C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
Vec
TPin +5.0 V
MC2103 % 25k
+3.0 VJ_L MC2163 MC511
ov OR
EQUIV
e (t
= N
Ler 3gos
15eF ¥ equiv
VIHX TPout =
+3.0V .

PRF = 1.0 MHz typ
PW = 200 ns
tr = 5.0 ns max
tf = 5.0 ns max

NOTES:

Rg = 50 ohms

Ct = the total parasitic capacitance which includes
probe, wiring, and load capacitances.

Scope rise time < 1.0 ns

Probe capacitance < 5.0 pF

Ground inputs to all gates not under test.
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ELECTRICAL CHARACTERISTICS

:

TEST CONDITIONS

3
1
3
Test procedures are shown for only 5 Volts
. . 6
one gate. The other gate is tested in a ;gj"—" @ Test loy
similar manner. Further, test proce- Temperature Vi Vin1|Vino| Vour| Vec
dures are shown for only one input of N
R —55°C .2(1.0]0.45 4.5 [ 2.0]0.9|55|5.0
the gate being tested. To complete . .
. - MC(C2103"%, MC2153 | +25°C .2(1.0(0.45 4.5 [ 1.7]1.1(5.5 | 5.0
testing, sequence through remaining A
inputs +125°C .2[1.0]0.45 4.5 | 1.4]0.9]5.5]5.0
) 0°C 0]1.0]0.45 4.5 | 1.9 1.0/5.5 | 5.0
MC2003", MC2053 { +25°C ,0|1.0]0.45 4.5 | 1.81.1|5.5 | 5.0
+75°C ,0]0.45 1.7]1.0]5.5 | 5.0
MC2103, MC2153 Test Limits MC2003, MC2053 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW :
+25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol Minl Max | Min | Max | Min | Max | Min | Max | Min l Max | Unit loy ‘ low Vi \ Vin1 |V».o Vour| Vee Gnd*
Input
Forward Current IF 1 - |-2.0] - |-2.0 - |-2.5] - - | -2.5|{mAdc - - - - - 4 1,10
Leakage Current IR 1 - | 100 - | 100 - | 100 - - | 100 | pAdc - - - - - 4 2,3,10,13
Inverse Beta Current IL 1 - | 100 - | 100 - | 100 - - | 100 | pAdc - - - - - 4 10
Breakdown Voltage Bvin"O” 1 5.5 - 5.5 | - 5.6 - 5.5 5.5 - Vdc - - - - - 4 10
BV, | 1 55 - |55] - |55 - |55 5.5 - | Vde - - -l -] - 4 2,3,10,13
Output
Output Voltage Vout o - |o.45| - |0.45 | - |0.45] - - l0.45] vadc 12 - 1| -] - 4 10
Vo 2.4 - |25) - 25| - |24 25| - | vde - : -1 - 4 10
out "1
Leakage Current I - | 250 - 250 - | 250 - - | 250 | pAdc - - - - 12 4 1,2,3,
OLK
10,13
Short-Circuit Igc 25 [-100 | -25 |-100 | -25 |-100 |-25 -25 | -100 | mAdc - - O 4 1,2,3,
Current 10,12,13
Output Voltage VoL - lo.40| - |0.45 | - |0.40| - - |0.45] vde 12 - - - - 4 10
Vou 3.10] - [3.15] - |29 - |30 3.0| - | vde - 1 -l - - 4 10
Power Requirements
(Total Device)
Maximum Power I - 13 - - - - - - - | mAdc - - - - - - 1,5,10
max
Supply Current
Power Supply Drain | I, - 15 - 15 - 20 - - 20 |mAde - - - - - 4 10¥
oL - lms| - |75 - |10 |- - | 10 |mAde - - - - - 4 1,5,10
Switching Parameters Pulse In
Turn-On Delay ton - 10 - - - - - - - ns 1 - - - - 4 10
Turn-Off Delay tost - | 10 - - - - - - - ns 1 - - - - 4 10
Rise Time tr - 4.0 - - - - - - - ns 1 - - - - 4 10
Fall Time t[ - 2.5 - - - - - - - ns 1 - - - - 4 10

* Prime Fan-Out.

+Ground inputs to gate not under test during ALL tests unless otherwise noted.

1 The inputs of both gates must be ungrounded.
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EXPANDABLE 2-WIDE 4-INPUT MTTL Il MC2100/2000 series
“AND-OR-INVERT” GATE

MC2100 - MC2150
MC2000 - MC2050

This device consists of two 4-input AND gates ORed
¢ together and driving an output inverter. The ORing
3 nodes are available for expansion, and up to 10 AND
b 4 v gates can be ORed together using the MC2102 or the
1a 4 4CC MC2106 series expanders. Since switching speed is af-
; fected by the amount of capacitance on the expander
B S . B
Fo—dy ; nodes, care should be taken to minimize this capaci-
tance to maintain switching speeds. This gate is usable
2.5k for construction of half adders and other applications
where the exclusive OR function is required.
800 ‘}180 91 1?
2.5k 3 2
b 9 T 3
12
5 0— H
6o 12 9
8
8 B
13 Emitter 13
Y 3 Collelctor 9
ry 600 3 3.5k 3
ry Positive Logic:
3 12=({1+2+3 +14) + (5 6+ 7 * 8) + (Expanders)
810 Negative Logic:
GND 12={1+2+3+14) » (6+ 6 + 7 + B) + (Expanders)
Total Power Dissipation = 27 mW typ/Pkg
Propagation Delay Time = 7.0 ns typ
SERIES INPUT LOADING FACTOR  (Ig) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC2100 _ 1 MC2100 series Gates 22 mA P, o
mMc2150 ! 20mA 6 MC2100 series Gates 12 mA 559C to +125°C
MC2000 - 9 MC2000 series Gates 22.5 mA o 0,
MC2050 ! 28mMA | 5 MC2000 series Gates  12.5 mA 0°C to +759C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHx Vee
+3.0V  TPj, +5.0 V
% 2.5k
MC511
MC2103 OR
MC2153 : EQUIV
+3.0V /( (
ov o—yp
 Rg 1N3605
o Tiaor OR
= o] P EQUIV
PRF = 1.0 MHz typ =

PW = 200 ns TPout
ty = 5.0 ns max

tf = 5.0 ns max
NOTES:

RG =50 ohms
Ct = the total parasitic capacitance which includes
probe, wiring, and load capacitances.
Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF
Expander pins should be left open when measuring switching times.
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ELECTRICAL CHARACTERISTICS ¢ TEST CONDITIONS
2
3
Test procedures are shown for only . 12 mA Volts
. . H
one input of the device. To complgte H @ Test lou lon vl v lve v tv v lv v
testing, sequence through remaining £'3 Temperature | pr~ | std | Pr | Std in I8 H R th1|Ytho| Yout| Yec | YccH | YiHX
inputs in the same manner.
P —55°C{22.0 [12.0|-2.2|-1.2{1.0|0.45| 2.7 | 4.5 | 20| 0.9|5.5 | 5.0| - -
MC2100%, MC2150 { +925°C|22.0 [12.0{-2.2|-1.2|1.0|0.45|2.7 | 4.5 | 1.7]|1.1|5.5 | 5.0 8.0 |3.0
+125°C|22.0 {12.0]-2.2|-1.2{1,0]0.45| 2.7 | 4.5 | 1.4]0.9]5.5 |5.0] - -
0°C|22.5 [12.5(-1.8|-1.0[1.,0{ 0.45| 2.9 | 4.5 | 1.9]|1.0|5.5 | 5.0 - -
MC2000*, MC2050 { +25°C|22.5 |12.5|-1.8|-1.0(1.0|0.45|2.9 | 4.5 | 1.8 [1.1]5.5 | 5.0/ 7.0 | 3.0
+75°C|22.5 [12.5|-1.8|-1.0{1.0]|0.45|2.9 | 4.5 [ 1.7|1.0|5.5 | 5.0 - -
Pin MC2100, MC2150 Test Limits MC2000, MC2050 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test MinIMax Min[Max Min[ Max Min]Max MinIMax Min|Max Unit loy l lon bn | Vi ]Vm| Vi |Vm|vmo Vour| Vec | Veen | Vinx | Gnd
Input
Forward Current In 1 - |-2.0f -|-220f - |-2.0 - |-2.5] - |-2.5| - |-2.5/ mAdc - - - - - 12,3,14| - - - 4 - - 1,5,6,17,
8,10
Leakage Current lR 1 - | 100 - | 100 - | 100 - | 100 - | 100 - 100 | pAde - - - - - 1 - - - 4 - - 2,3,5,6,7,
8,10, 14
Inverse Beta Current IL 1 - | 100 - | 100 - | 100 - | 100 - | 100 - 100 | pAde - - - - - 1 - - - 4 - - 5,6,7,8,10
Breakdown Voltage Bvin"O“ 1 5.5| - 5.5 - 5.5 - 5.5 - |5.5( - [6.5 - Vdc - - 1 - - - - - - 4 - - |5,6,7,8,10
BV, .| 1 |85 - |55 - |85 - |85 - |55 - |55 - Vde - - 1| - - - - - - 4 - - |2,3,5,86,7,
8, 10, 14,
Output
Output Voltage Vognge| 12| - |0-48 - |0.45| - J0.45] - |0.45) - 0.45| - |0.45 vdc 12 - N - - 1 - - 4 - - |s,6,7,8,10
Vv ool 12125 - |24 - |25] - |25 - |24 - |25] - | Vde - 12 - - - - -] - 4 - - 15,6,7,8,10
out''l N
Leakage Current XOLK 12 - | 250 - | 250 - | 250 - | 250 - | 250 - 250 | pAdc - - - - - - - - 12 4 - - 1,2,3,5,6,
7,8,10,14
Short-Circuit Igc 12 | -25( -100| -25| -100| -25| -100| -25| -100| -25| -100| -25 | -100| mAdc - - [ - - - - 4 - - |1,2,3,5,8,
Current 7,8,10,12,14]
Output Voltage Voo 12| - |o.40] - |o0.40| - |0.45] - |0.40| - [0.40| - |0.45 Vdc 12 - - -t - -l - - 4 - - |5,6,7,8,10
Vo 12 |2.70 - |3.10] - [3.15| - | 2.9| - |3.0] - [8.0| - | Vdc - 12 - 1 - - - - - 4 - - |s,6,7,8,10
[Power Requirements
(Total Device)
Maximum Power 1 4 - - - 10 - - - - - 11 - - | mAdc - - - - - - - - - - 4 - 1,2,3,5,6,
Supply Current max 7,8,10,14
Power Supply Drain IPDH 4 -19.0 - 19.0 - 19.0 - 12 - 12 - 12 | mAdc - - - - - - - - - 4 - - 10
1 4 -l60| -|60| -|60]| -|75| -|75]| - |75|mAde - - - -l - - - - - - - 11,2,3,5,8,
PDL 7,8,10,14
Switching Parameters Pulse In | Pulse Out
Turn-On Delay ton 1,12 - - - 11 - - - - - 11 - - ns 1 12 - - - - - - - 4 - 2,3,1415,6,7,8,10
Turn-Off Delay tott 1,12 - | - -1 - - - N T ~ | ns 12 - - - 1 -1 - 1 - [2,3,14]5,6,7,8,10
Rise Time t 12| - | - -las| - - -1 -]as] - -] ns 1 12 -1 - - - - - - 4 - |2,3,1415,6,7,8,10
Fall Time t 1,12 - | - - 80| - | - - - -]30] -] -] ns 1 12 - -] - - - - - 4 - |2,3,141586,7,8,10

*Prime Fan-Out.
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QUAD 2-INPUT “NAND” GATE

MTTL Il MC2100/2000 series

MC2101 - MC2151

MC2001 - MC2051

. S
17;
|
2.5 k
5];
6

Vee
4
< e
25k3 8003 180 391 913 180 800 325k
8
9
3| 11
6003 b 3.% Ks [3: 3600
3 8003 180 391 (913 180 800 325k
12
13
7 |14
6003 235k Fsk‘, 3 600
10
GND

This device consists of four 2-input NAND gates.
The four gates in a single package represent increased
functional flexibility. For example, a dual set-reset
flip-flop may be obtained if each pair of gates is ex-
ternally cross-coupled.

e
3
2
5
7
=Ds
8
11
=
12
)2
13

Positive Logic:
3=1Te¢2

Negative Logic:
3=1+2

Total Power Dissipation = 88 mW typ/Pkg
Propagation Delay Time = 6.0 ns typ

SERIES INPUT LOADING FACTOR  (Ig) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC2101 11 MC2100 series Gates 22 mA o o
MC2151 ! “20mA | g MC2100 series Gates 12 mA —859C to +1259¢C
MC2001 _ 9 MC2000 series Gates 22.5 mA o o
MC2051 ! 25mA | 5 MC2000 series Gates 12.5 mA 0°9C to +750C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
Vee
TPin +5.0 V
2.5k
+3.0 V MC511
0 vIL OR
‘ EQUIV
MC2103 (((
MC2153
1N3605
PRF = 1.0 MHz typ =c OR
PW = 200 ns ,g’pF EQUIV
t,=5.0ns max ° VIHX 1
t = 5.0 ns max 3.0V TPout =
GND
NOTES: o | L_ _.I I._ e
Rg = 50 ohms i 4.0 ns— 25ns
ags max max
CT = the total parasitic cap. 1ce which includ

probe, wiring, and load capacitances.
Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF
Ground inputs to all gates not under test.
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ELECTRICAL CHARACTERISTICS

TEST CONDITIONS

1
3
Test procedures are shown for only 2:D°_ mA Volts
one gate. The other gates are tested in ::Do—7 @ Test lo lon v b v v v v vty v
a similar manner. Further, test pro- 3:139_ Temperature [ B [std | Pre | sta| ™| % | ™| "R | V1| ho| Your| Yec | Yeen | Vinx
. 1
9
cedures are shown for only one input v ~55°C[22.0 [12.0] -2.2| -1.2[1.0[ 0.45]| 2.7 | 4.5 | 2.0 0.9 |55 |50 - | -
of the gate being tested. The other -a:D"_” MC2101, MC2151 § +25°C|22.0 {12.0-2.2|-1.2{1.0] 0.45 [ 2.7 | 4.5 | 1.7 | 1.1]5.5 | 5.0| 8.0 | 3.0
input is tested in the same manner. +125°C|22.0 {12.0|-2.2|-1.2{1.0/0.45| 2.7 | 4.5 | 1.4 | 0.95.5 | 5.0| - -
0°C{22.5 |12.5|-1.8|-1.0[1.0|0.45| 2.9 | 4.5 | 1.9 [ 1.0 [5.5 | 6.0| - -
MC2001*, MC2051 { +25°C|22.5 {12.5|-1.8(-1.0|1.0|0.45| 2.9 | 4.5 | 1.8 | 1.1 (5.5 [ 5.0| 7.0 | 3.0
+75°C|22.5 |12.5(-1.8|-1.0[{1.0]0.45 [ 2.9 | 4.5 | 1.7|1.0[5.5 | 5.0] - -
Pin | MC2101, MC215T Test Limits | MC2001, MC2051 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C R
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min| Max | Unit loy lon o | Vie [Viu | Vo |Vin1|Vino|Vour| Vee | Veeu | Viux | Gnd
Input
Forward Current lF 1 - |-2.0) - |-2.0] - |-2.0 - |-2.5| - |-2.5| - |-2.5|mAdc - - - - - 2 - - - 4 - - 1,10
Leakage Current IR 1 - | 100 - | 100 - {100 - | 100 - | 100 - 100 | pAde - - - - - 1 - - - 4 - - 2,10
Inverse Beta Current IL 1 - | 100 - | 100 - | 100 - | 100 - | 100 - | 100 | pAdc - - - - - 1 - - - 4 - - 10
Breakdown Voltage | BV, .o.| 1 [55| - [55] - [65] - [55] - [5.5[ - [55] - [ vac - - | - [ - - R - - 10
BV, | 1 |85| - |55 - |55 - |55 - |55 - |55 - | Vde - - 1| - | - - S -] -] e - - 2,10
Output
Output Voltage Vouror| 3 - Jo.45| - [0.45| - |0.45 | - [0.45| - |o.45| - |0.45] vdc 3 - N - 1] - -] 4] - - 10
Vool 3 |25| - |24 - |25| - 25| - [224] - |2.5| - | vde - 3 -l -] - - O I U B Rt - - 10
out "1
Leakage Current oLk 3 - |250 | - |250 | - |250 | - |250 | - |250 | - | 250 | wAdc - - -l -] - - -l -] 3| a - - 1,2,10
Short-Circuit Isc 3 | -25(-100 | -25|-100 | -25 | -100 | -25 | -100 | -25 | -100 | -25 | -100| mAde - - B S - O S I - - |1,2,3,10
Current
Output Voltage VoL 3 - l0.40| - |0.40| - |0.45]| - |0.40| - [0.40| - |0.45| Vdc 3 - -l -] - S - -] e - - 10
Von 3 |e.70| - [3.100 - |3.15| - | 29| - |3.0| - [8.0] - | Vde - 3 B T - - - -] e - - 10
Power Requirements
(Total Device)
Maximum Power Imax 4 - - - 26 - - - - - 27 - - | mAdc - - - - - - - - - - 4 - 1,5,8,
Supply Current 10,12
Power Supply Drain IPDH 4 - 30 - 30 - 30 - 40 - 40 - 40 | mAdc - - - - - - - - - 4 - - 101
oL 4 S j1s | -5 | - |15 - ]2 |- |2 | - |2 |mAde - - - - - - -] e - - 1,5,8,
10,12
Switching Parameters Pulse In_| Pulse Out
Turn-On Delay on L3 - | - - |10 - - - |- fw]| -] -] ns T 3 -0 - - - N D I At - 2 10
Turn-Off Delay o L3 | - | - 10 | - |- - [ -] -]-1ns 1 3 - |- - - -1 4 B 2 10
Rise Time tr 1,8 - - - 140 - - - - - | 4.0 - - ns 1 3 - - - - - - - 4 - 2 10
Fall Time tf 1,3 - - - | 25| - - - - - 125 - - ns 1 3 - - - - - - - 4 - 2 10

*Prime Fan-Out

1Ground inputs to gates not under test during ALL tests unless otherwise noted.
1 The inputs of all gates must be ungrounded.
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EXPANDABLE MTTL Il MC2 i
e L C2100/2000 series

“AND-OR-INVERT” GATE

MC2104 - MC2154
MC2004 - MC2054

This device consists of three 2-input and one 3-input
AND gates ORed together and driving an output invert-
12 Vee er. The ORing nodes are made available for expansion,
a and up to 10 AND gates can be ORed together using
14 T the MC2102 or the MC2106 series expanders. Since
1 800 $180 $o1 switching speed is affected by the amount of capaci-
tance on the expander nodes, care should be taken to
K minimize this capacitance to maintain switching speeds.
14
’—K 1 1
2
3
11
5
< < 5 k 6
b: 600 3$3. . 7
8
Z 9
9 Emitter 13
llector 12
Positive Logic:
11=(14+1) +(2+3) + (54 6) + (7 « 8 ¢« 9) + (Expanders)
10 Negative Logic:
13 GND 1 =(14+1) ¢ (2+3)*(5+6) e+ (7+8+9) » (Expanders)
Total Power Dissipation = 36 mW typ/Pkg
Propagation Delay Time = 7.0 ns typ
SERIES INPUT LOADING FACTOR  (If) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC2104 _ 11 MC2100 series Gates 22 mA _E80, 0o,
MC2154 ! 2.0 mA 6 MC2100 series Gates 12 mA 559C to +125°C
MC2004 9 MC2000 series Gates 22.5 mA 0, 0,
MC2054 1 “285mA | 5 MC2000 series Gates 12.5 mA 09€ to +75°C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHx Vee
+3.0V TPin +5.0 V
50V % 2.5k
+3.
ov 1L o——@_ Mcs11 TP,
Rg$ Mc2103
1 mc2153 EQuIv

(ttf

1N3605 TP,
PRF = 1.0 MHz typ o der OR
PW = 200 ns ol “T 15 oF EQUIV
ty = 5.0 ns max t, 5 GNP
t§ = 5.0 ns max R 4,5' ns —! L— ——l L 3-0f ns
NOTES: TPout max max

Rg = 50 ohms
Ct = the total parasitic capacitance which includes
probe, wiring, and load capacitances.
Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF
Expander pins should be left open when measuring switching times.
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TEST CONDITIONS g
mA Volt: o
ELECTRICAL CHARACTERISTICS olts N
! @ Test loy lon -
Test procedures are shown for only Temoerature 5o - Lo | Vi | Viu | Ve [ Vin1|Vino| Vour| Ve | Veen | Vinx o
H H 3 1" empe! Pr|Std | Pr' | Std B
one input of the device. To complete o 3
testing, sequence through remainin 5 —55°C|22.0 [12.0|-2.2|-1.2|1.0]{0.45| 2.7 | 4.5 | 2.0]|0.9|5.5 | 5.0| - - 2
in uts,g'in the same mann?er 9 . MC2104", MC2154 { +25°C[22.0 [12.0|-2.2|-1.2[1.0]0.45|2.7 | 4.5 | 1.7] 1.1 5.5 | 5.0| 8.0 | 3.0 o
P ' é +125°C{22.0 [12.0|-2.2|-1.2/1.0|0.45] 2.7 | 4.5 [ 1.4]0.9[5.5 | 50| - - N
E13 0°C|22.5 [12.5{-1.8]-1.0{1.0/0.45 2.9 | 4.5 | 1.9 /1.0 5.5 | 5.0 - - =l
¢z MC2004*, MC2054 | +25°C|22.5 [12.5|-1.8|-1.0|1.0|0.45|2.9 | 4.5 | 1.8 1.1 55 | 50| 7.0 |30 g'
+75°C|22.5 |12.5|-1.8]-1.0{1.0]0.45| 2.0 | 4.5 | 1.7]1.0|5.5 ] 5.0/ - - E
Pin | MC2104) MC2154 Test Limits | MC2004, MC2054 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: o
Under| —55°C | +25°C | +125°C 0°C +25°C | +75°C N
Characteristic Symbol | Test | Min [ Max| Min] Max | Min| Max | Min [ Max | Min [ Max | Min | Max | Unit loy J lon 's..] Vi VmJ Vi ’V,,,,]VM Vour Vcclvccul Viux | 6nd 8
Input H
Forward Current I 1 - |-2.0] - |-2.0] - |-2.0| - |-2.5| - [-2.5| - |-2.5|mAdc - - - - - 14 - - - 4 - - (1,2,3,5,8,7) ~
Leakage Current IR 1 - 100 - 100 - 100 - 100 - 100 - 100 | pAde - - - - - 1 - - - 4 - - 2,3,5,6,7,8,] 0
9,10,14 N
Inverse Beta Current| I 1 - {100 | - |00 | - {100 | - {100 | - |100| - | 100 pAde - - - - - 1 O I 4 - - 12,3567, [=]
8,9,10 (&)
Breakdown Voltage | BV, .o.| 1 |85| - [55]| - [s5| - |55] - |55] - |55| - | Ve - - 1| - - - S - -] e - - 12356,7, B
8,9,10 =
BV, ..| 1 |55 - |55 - |55|- |55| - |55| - |55].- | vde - - O P - B e - 23567, ]
in"1 8,9,10, 14 2
Output 3
Output Voltage Vounor| 1| - |0.45| - [0.45| - J0.45| - |0.45| - |0.45| - |0.45] Vde 11 - N I - vl - -] e - - | 235,67, b=
8,9,1 @
Vo] 11 25| - |24] - |2s| - |2s5| - |2.4] - 25| - | Vd - 11 - -] - - I T O - 2,356, =
out "1 89,1
, 9,
Leakage Current IOLK 11 - | 250 - | 250 - | 250 - | 250 - | 250 - | 250 | pAdc - - - - - - - - 11 4 - - 1,2,3,5,6,7,
9,10,14
Short-Circuit Ige 11 | -25|-100 | -25 |-100 | -25 |-100 | -25 | -100 | -25 | -100 | -25 | -100| mAdc - - - - - - R N - 1,2,3,5,6,7,
Current 8,9,10,11,
14
Output Voltage Vor 11 | - |0.40| - |0.40| - [0.45| - |o.40| - |0.40| - [0.45]| Vdc 1 - I I - R - | 235,67,
8,9,10
v 11 |2.70 - |3.10] - |8.15| - |=2.9] - [30] - |30| - | Vd - 11 - - - e - 12,3567,
OH 8,9,10
[Power Requirements
(Total Device)
Maximum Power 1 4 - - - 17 - - - - - 18 - - | mAdc - - - - - - - - - - 4 - [1,2,3,5,6,7,
Supply Current max 8,9,10,14
Power Supply Drain IPDH 4 - 12 - 12 - 12 - 16 - 16 - 16 | mAdc - - - - - - - - - 4 - - 10
1 4 1w | -] |- |w | -] |-]18]|-]13|mad - - -] - e N e - 1,2,3,5,6,7,
PDL 8,9,10,14
Switching Parameters Pulse In | Pulse Qut
Turn-On Delay ton L] - |- | - e |- |- R I R I T2 S e 1 11 -0 - - - - -] 4] - 14 [2,356,7,
8,9,1
Turn-Off Delay - L] - | - |- 2 |- |- O R I T I I 1 1 I - S 14 [2,356,7,
of 8,9,1
Rise Time t 1,11 - - - 4.5 - - - - - 4.5 - - ns 1 11 - - - - - - - 4 - 14 2,3,5,6,7,
8,9,1
Fall Time 4 L] - | - |- {30 - |- - - - ]30] -] - |ns 1 11 [ - - - e - 14 |2,3,56,7,
8,9,1

* Prime Fan-Out.




TRIPLE 3-INPUT “NAND” GATE

MC2107 - MC2157
MC2007 - MC2057

MTTL 1l MC2100/2000 series

. This device consists of three 3-Input AND gates
Vee driving output inverters. These gates can be used to
5 4 9 build a pulse shaping network for interfacing with
?9?9 discrete component circuits.
2.5k3 800% 1803 91 91 31803800 $ 25k )
1 6
2 7 1
3 8 §EE>°_ °
6
7 9
8
600 3.5}}1 145 K 600 | 3 330_14
g 13
800 S 1805 o1 Positive Logic: 5=1¢¢2¢3
2.5k Negative Logic: 5§=1+2+3
11
12 #
13 ;
o014
Total Power Dissipation = 66 mW typ/pkg
600 3 23.5 k Propagation Delay Time = 6.0 ns typ
©10
GND
SERIES INPUT LOADING FACTOR (1g) OUTPUT DRIVE (o) TEMPERATURE RANGE
MC2107 1 _ 11  MC2100 series Gates (22 mA) p— o
MC2157 (-2.0mA) 6 MC2100 series Gates (12 mA) 559C to +125°C
MC2007 9  MC2000 series Gates (22.5 mA)
MC2057 1 (-2.6 mA) 5  MC2000 series Gates (12.5 mA) 0° to +750C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
B
TPin p
2.5k
+3.0V
ov 1 MC511 OR
EQUIV
N OR
PRF = 1.0 MHz typ L CT 53068?\,
PW = 200 ns 15 pF
t =5.0ns
t=5.0 ns =
+3.0V TPout
NOTES:
Rg =50 ohms

Cv = the total parasitic capacitance which includes
probe, wiring, and load capacitances.
Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF
Ground inputs to all gates not under test.
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ELECTRICAL CHARACTERISTICS 123:}_5 TEST CONDITIONS
Test procedures are shown for only one 3 mA Volts
gate. The other gates are tested in the same 6. ] |
manner. Further, test procedures are shown g 9 @ Test oL OH Llv v vo v v v (v lv v
for only one input of the gate under test. " Temperature [ pe= [ Std | Pr* | Std | ™| ™| ™| R | 1| tho] Tout| TcC| TCCH | TIHX
;rn‘;if“i’;;‘;fgittse“'”g' sequence through re- }%330—14 —55°C{22.012.0[-2.2|-1.2[1.0| 0.45] 2.7 | 4.5 | 2.0 | 0.9 |5.5 | 5.0| - B
) MC2107%, MC2157 { +25°C{22.0(12.0{-2.2}-1.2]1.0]0.45| 2.7 | 4.5 [ 1.7] 1.1|5.5 | 5.0 8.0 | 3.0
+125°C{22.0]12.0{-2.2(-1.2|1.0|0.45| 2.7 | 4.5 | 1.4]| 0.9|5.5 | 5.0 - -
0°C|22.5(12.5|-1.8(-1.0|1.0{0.45| 2.9 | 4.5 | 1.9 | 1.0(5.5 | 5.0 - -
MC2007*, MC2057 § +25°C|22.5]|12.5|-1.8(-1.0{1.0|0.45| 2.9 | 4.5 | 1.8 | 1.1]5.5 | 5.0 7.0 | 3.0
+75°C|22.5{12.5| -1.8{-1.0|1.0{0.45| 2.9 | 4.5 | 1.7 1.0]5.5 | 5.0| - -
Pin | MC2107, MC2157 Test Limits | MC2007, MC2057 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min [ Max | Min [ Max | Min| Max | Min | Max | Min [ Max ] Min[Max| Unit | oo L lon lin VuT Vi l Ve [Vnu Ivmo Vour | Vee , Veen I Vix | Gndt
Input
Forward Current Ip 1 - |-2.0| - [-2.0] - [-2.0] - |-2.5| - |-2.5| - [-2.5|mAdc - - -] - -] 23] - - - 4 - - 1,10
Leakage Current IR 1 - 100 | - 100 | - | 100 - 100 ( - | 100 | - 100 | pAde - - - - - 1 - - - 4 - - 2,3,10
Inverse Beta Current IL 1 - 100 | - 100 | - 100 - 100 - 100 | - 100 | pAde - - - - - 1 - - - 4 - - 10
Breakdown Voltage va ngn 1 5.5 - 5.5 - 5.5 - 5.5 - 5.6| - 5.5 - Vde - - 1 - - - - - - 4 - - 10
BV, wyn| 1 |55 - |55] - |55] - |55 - |6.58] - |5.5] - | vdc - - T - - - 1 - | - 4 - - 2,3,10
Output
Output Voltage Vout nor 5 - 10.45| - [0.45( - ]0.45| - ]0.45| - [0.45| - |0.45| vdc 5 - - - - - 1 - - 4 - - 10
Vourin | 5 |26 - |24] - |2.5] - |25 - |2.4] - [2.5] - | vde - 5 - - - B - 1| - q - - 10
Leakage Current IOLK 5 - 250 | - [ 250 | - [ 250 - 1250 | - [250 | - | 250 | pAdc - - - - - - - - 5 4 - - 1,2,3,10
Short-Circuit Isc 5 |-25[-100(-25 [-100-25 [-100 | -25 | -~100 | -25 | -100] -25 | -100 | mAdc - - - - - - - -] - 4 - - 1,2,3,
Current 5,10
Output Voltage VoL 5 - |o0.40| - [0.40| - [0.45| - |0.40| - [0.40| - |0.45| vdc 5 - - - 1 - -l - - 4 - - 10
Vou 5 |2.7| - |3.1| - |3.15] - |2.9| - [8.0 - [3.0] - | vdc - 5 - 1 - - -1 -1~ 4 - - 10
Power Requirements
Total Device
ngiomum Powe)r Imax 4 - - - |19.5] - - - - - 20.25 - - | mAde - - - - - - - - - - 4 - 1,6,10,11
Supply Current
Power Supply Drain [PDH 4 - |22.5| =~ [22.5] - |22.5| - 30 - 30 - '30 | mAdc - - - - - - - - - 4 - - 10 ¢
IppL 4 - 11.25) - [11.25] - [11.25] - 15 [ - | 15| - | 15 [ mAde - - - - - - - - - 4 - - 1,6,10,11
Switching Parameters Pulse In | Pulse Out
Turn-On Delay ton 1,5 - - - 10 - - - - - 10 - - ns 1 5 - - - - - - - 4 - 2,3 10
Turn-Off Delay toff 1,5 - - - 10 - - - - - 10 - - ns 1 5 - - - - - - - 4 - 2,3 10
Rise Time tr 1,5 - - - 4.0| - - - - -140] - - ns 1 5 - - - - - - - 4 - 2,3 10
Fall Time t 1,5 | - - | -l 25] - - - - | -[25] - - | ns 1 5 [ - - - - -1 - 4 - 2,3 10

* Prime Fan-Out

1 Ground inputs to gates not under test, during ALL tests unless otherwise noted.

1 The inputs to all gates must be ungrounded.

(penunuod) Z/GOZIOW ‘LOOZIN/LSLZON ‘LOLZON



EXPANDABLE DUAL 2-WIDE
2-INPUT “AND-OR-INVERT” GATE

MTTL Il MC2100/2000 series

MC2113 - MC2163
MC2013 - MC2063

One side of this dual device consists of two 2-input
1‘:2: AND gates ORed together and driving an output in-
/ 4 v verter. The other side consists of two 2-input gates
Y $25 T ce ORed together and driving an output inverter with the
> . . . -
b ORing nodes made available for expansion. Up to 10
L J 180 91 AND gates can be ORed together using the MC2102
$25k 800 ¢ or MC2106 expanders series. Care should be taken to
i minimize the amount of capacitance on the expander
¥ H terminals in order to maintain switching speeds.
2 0
3 04 10 12
4 14
600 3.5 kS \ 1
13
o0 10 2
GND 3
600 35 k3 p
70 5
6
50— 013 12
60— 9
i 11
8O r( Emitter 7
3o Collector 8
328k 8003
180 91
Positive Logic:
) 13=(1-18)+(2 - 3)
v 325k 12={5 -6+ (0 - 11)  (Expander)
N i ; Total Power Dissipation = 58 mW typ/pkg
P g: Propagation Delay Time =8.0 ns typ
SERIES INPUT LOADING FACTOR (1g) OUTPUT DRIVE (lop) TEMPERATURE RANGE
MC2113 _ 11 MC2100 series Gates (22 mA) Ceeo o
MC2163 ! 20mAY 1 MC2100 series Gates (12 mA) 559C to +1250C
MC2013 _ 9  MC2000 series Gates (22.5 mA) o o
MC2063 ! 2.5 mA) 5  MC2000 series Gates (12.5 mA) 09 1o +750C
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHx Vee
+3.0v  TPin +5.0 V

MC511 OR

+3.0V P g
- EQUIV
o V—rLH MC2103 ‘m
G3 mc2153
L 1N3605 OR

PRF = 1.0 MHz typ EQUIV
PW = 200 ns

ty = 5.0 ns ne

t = 5.0 ns =

f TPout
NOTES:

Rg = 50 ohms
Ct = the total parasitic capacitance which includes
probe, wiring, and load capacitances.
Scope rise time < 1.0 ns
Probe capacitance < 5.0 pF
When checking expander side, expander pins
should be open.
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(penunuod) £90ZIN ‘€ELOZIN/EILZIN ‘ELLZIN

ELECTRICAL CHARACTERISTICS ! 13 TEST CONDITIONS
2 mA Volt.
Test procedures are shown for only one gate. 3 olts
The other gate is tested in the same manner. @ Test |0|. |OH
Further, test procedures are shown for only 5 Temperature - = o | Vic | Vin | Ve [Vin1 | Vino| Your| Vee | Veen | Vinx
A P Pr* | Std | Pr | Std
one input of the gate under test. To com- 6 o
plete testing, sequence through remaining o 12 —55°C| 22.0|12.0 -2.2|-1.2|1.0]0.45 | 2.7 | 4.5 |2.0|0.9 |55 |5.0]| - -
inputs. " MC2113%, MC2163 | +25°C) 22.0[12.0{-2.2}-1.2(1.0]0.45 | 2.7 | 4.5 | 1.7 | 1.1 | 55|50 8.0 | 3.0
Emitter 7 +125°C| 22.0{12.0]-2.2(-1.2(1.0(0.45 | 2.7 | 4.5 | 1.4 (0.9 |55 5.0 - -
Collector 8 o
0°C|22.5{12.5|-1.8]-1.0[1.0]0.45 [ 2.9 | 4.5 | 1.9 |1.0 |5.5 |5.0| - -
MC2013*, MC2063 { +25°C|22.5|12.5|-1.8(-1.0(1.0(0.45 | 2.9 | 4.5 | 1.8 |1.1 |5.5 |5.0] 7.0 | 3.0
+75°C|22.5(12.5(-1.8]-1.0{1.0]0.45 [ 2.9 | 4.5 [ 1.7 [1.0 [5.5 [5.0] - -
Pin | MC2113, MC2163 Test Limits | MC2013, MC2063 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW :
Under| —55°C +25°C | +125°%C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min rMax MinlMax Min | Max MinIMax Min[Max MinIMax Unit lou 1 low L'id Vi IV'"I \ lvohljvrho Vour Vcc|vccu[ Viux | Gndt
Input
Forward Current IF 1 - |-2.0f - [-2.0| - |-2.0| - |-2.5 | - |-2.5| - |-2.5|mAdc - - - - - 14 - - - 4 - - 1,2,3,10
Leakage Current Iy 1 - |100| - [100] - [100] - |100 | - [100 | - |100 |pAdc - - - - - 1 - - -] 4 - - |2,3,10,14
Inverse Beta Current| I 1 - {100 - |100| - |100] - |[100 | - |100 | - |100 |uAdc - - -] - - 1 - -l -] 4 - - 2,3,10
Breakdown Voltage BV, ..o, 1 55| - |55 - |55 - [5.5] - |5.5]| - [553] - Vde - - 1 - - - - - - 4 - - 2,3,10
BV, | I |55]| - |55 - |55 - |55] - |5:5] - |55 - | vdc - - T - - B - - | 4 B = [2,3,10,14
Output
Output Voltage Voutror | 13 - |0.45] - [0.45] - |0.45| - |0.45| - |0.45| - |0.45| vdc 13 - - - - - 1 - -] e - - 2,3,10
Vouerin | 18 |25 - |24 - |25 - |25 - |2.4| - |25] - | vdc - 13 - - - - - 1T -] 4 - - 2,3,10
Leakage Current 1 13 - (250 - [250| - | 250 | - {250 | - [250 | - |250 |pAdc - - - - - - - - | 13| 4 - - 1,2,3,
OLK 10,14
Short-Circuit Iyc 13 | -25[-100| -25 [-100 | -25 [-100 | -25 [-100 | -25 [-100 [ -25 [-100 [mAdc - - -1 - - - - - -] 4 - - | 1,2,3,10,
Current 13,14
Output Voltage Vor 13 - |0.40| - [o0.40{ - | o0.45| - [0.40| - [0.40] - [0.45[ vdc 13 - - - 1 - - - -] 4 - - 2,3,10
Vonu 13 2.7 - |31 - [3.15] - [2.9] - [3.0] - [3.0[ - | vde - 3 -1 - - - - - 14 - - 2,3,10
Power Requirements
(Total Device)
Maximum Power T ax 4 - - - 20 | - - - - - 22| - - |mAdc - - - - - - - - - - 4 - 1,2,3,
Supply Current 10,14
Power Supply Drain IPDH 4 - 18 - 18 - 18 - 24 - 24 - 24 |[mAdc - - - - - - - - - 4 - - 101
I 4 - |12 [ -2 |- 12]- |15 -]15] - [156 |mAde - - -1 - B B - - | 4 - - 1,2,3
PDL 10,14
Switching Parameters Pulse In | Pulse Out
Turn-On Delay ‘on 1,13 | - - - 11 - - - - - 11 - - ns 1 13 - - - - - - - 4 - 14 2,3,10
Turn-Off Delay tost 1,13 | - - -l | - - - - EO I DU R ns 1 13 - - - - - - - 4 - 14 2,3,10
Rise Time t, 1,13 - - - 45| - - - - - |45 - | - ns 1 13 - - - - - -] - 4 - 14 2,3,10
Fall Time t 1,13 | - - | - ]380 - - - - - |30 - - | ns 1 13 -1 - - - - -l -] 4 - 14 2,3,10

* Prime Fan-Out
T Ground inputs to gates not under test during ALL tests unless otherwise noted.
1 The inputs to all gates must be ungrounded.




“AND” J'K FLIP-FLOP

MC2109 - MC2159

MTTL Il MC2100/2000 series

MC2009 - MC2059

The MC2009, MC2059, MC2109, and MC2159 are clocked
49 Vcee flip-flops that trigger on the negative edge and perform the
1 L J-K logic junction. Each flip-flop has an AND input gating
4.0 ki' 1.5k 180291 912180 1.5k $4.0k configuration consisting of three J inputs ANDed together and
three K inputs ANDed together. The multiple J and K inputs
minimize the requirements for external gates in counters ﬂg
certain other applications. A direct SET, PRESET, and RE-
SET are also available.
8 13 . . . .
9 11 12 In normal operation, information is changed on the J and
o | o—g K inputs while the clock is in a low state, since the inputs are
inhibited in this condition. Information is read into a temp-
orary memory when the clock is in a high state. When the
clock returns low, the information is transferred to the bi-
> < < p. stable section and the Q and Q outputs respond accordingly.
1.0ks 235k 3-5k¢ 1.0k The information on the J and K.inputs should not be changed
while the clock is high. Each flip-flop can be set or reset di-
rectly by the direct SET, PRESET, or RESET inputs. Since
each flip-flop is a charge-storage device, there is a restriction
on the clock fall time that must be observed.
3 . 3
5.0k 5.0k3
.77 ...
6 1o 1
7 2
RESET 13——I
< K3 '
2 K Qp—
* 3 Ki 2 QpF—12
X CLOCK 3
Y §
5.0 k 5.0k % a2 J af—mn
- -4
1 0 37
1 SET 8
x&r| | ol ¥ PRESET 9
J 210k 10k S L A
10 0GND
J K Qn |Qn+1
EQUIVALENT CIRCUIT il I N
SET o] 1 V] o]
8o LA 013 0 1 1 ¢}
9o Q Qa RESET 1 o 0 1
PRESET 1 o 1 1
1 I 1 1 0 1
1 1 1 o]
s 14K Where J =Jq ¢ Jy * Jg3
1 3 K=Ki*Kope K
e e __C% 1Ky 1°K2°Kg
Jz 7 o—I L 2K,
Total Power Dissipation = 40 mW typ/Pkg
03 Switching Times:
F  WeTal"d ton = 20 ns typ
Vec =4 L L cLock toff = 13 ns typ
cC off
GND=10 T T
INPUT LOADING (g)
FACTOR
SERIES OUTPUT DRIVE oy | TEMPERATURE
ALL ALL RANGE
cLock I OTHER | CLocK OTHER
MC2109 11 MC2100 series Gates (22.0 mA) _EEO o
Mc2159 1.00 . 066 {(=2.0ma) (=1.33 mA) 6 MC2100 series Gates (12.0 mA) 569C to +1269C
MC2009 _ 9 MC2000 series Gates (22.5 mA) o °
MC2059 1.00 0.66 (=25 mA) (=186 mA) | g \1C2000 series Gates (12.5 ma) | 0°C to ¥759C
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ELECTRICAL CHARACTERISTICS 713 TEST CONDITIONS
K3 14 5
Test procedures are shown for only one & i1— ) 12 mA Volts
i SET, PRI € —
Jand K |pput, plus the SET, PRESE.T, and N : t— @ Test lov lon 20 v v v v
RESET inputs. To complete testing, se- 3 ¢ L) " Temperature [ b [ 51 in| Viu | Vi R ol Vi cc
quence through remaining J and K inputs N N
in the same manner. L —55°C | 22.0[12.0|-1.5 .0| 2.0 [0.45] 2.8 4.5 Lo 2 5.5 | 5.0
MC2109”, MC2159 ¢ +95°C | 22.0[12.0 |-1.5 .0| 2.0 |0.45]| 2.8 4.5 1.2 1.7 |5.5]| 5.0
+125°C | 22.0{12.0 |-1.5 0| 20045] 2.8 4.5 0.9 1.4 |55]5.0
0°C | 22.5[12.5|-1.2 .0| 2.0(0.45] 3.0 4.5 1.1 1 55| 5.0
MC2009*, MC2059 { +25°C | 22.5(12.5 2 .0| 2.0 [0.45] 3.0 4.5 1.2 1 5.5 | 5.0
+75°C | 22.5[12.5 |-1.2 .0| 2.0]0.45] 3.0 4.5 1.1 1 5.5 | 5.0
i M(C2109, MC2159 Test Limits MC2 imit
Pin | MC2109, MC2159 Test Limits | MC2009, MC2059 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C | +125°C 0°C +25°C
Characteristic Symbol | Test | Min [Max | Min] Max | Min | Max | Min ] Max | Min [ Max Unit loy low 2 k| Vi | Vi Ve [Vino| Yimr Vec Gnd
Input
Forward Current IF 1 - |-1.33] -1.33| - |-1.83| - |-1.66/ - |[-1.66] mAdc - - - - - 2,3,5,6, - 4 1,8,10
7,9,13,14
5 | - . B - N - Sl o nese |- 5,10,13
7,8,9,1 .
8 R - - - - - N 1,2,3,5 - 8,10,13
6,7,9,1
9 - - - - - - - - - 1,2,3,5 - 9,10,13
6,7,8,1
13 - - - - - - - - 1,2,3,5 - 8,10,13
6,7,9,1
Leakage Current IR 1 - 100 | - 100 | - 100 | - 100 | - 100 | - uAdc - - - - - 1 - - - 4 2,3,5,6,7,10,11,14
5 R R - - R - - - . 5 - - - 1,2,3,6,7,10,12,14
8 - - - - - - - - - -] - 8 - - - 1,2,3,5,6,7,9,10,12,14
9 R R . - - - - - I 9 - - - 1,2,3,5,6,7,8,10,12,14
13 | - - - - - - - - - -] - 13 - - - ,2,3,5,6,7,10,11,14
Inverse Beta Current | I 1 - |wo| - |10 - |10 - |100]| - |100 uAde - - -8 | - 1 - 4 10
5 - - - - - - -l - 5 - - -
8 - - - - - - - - - 8 - - -
o | - } i i i i i N - I
13 | - - - - - - - - - |8 13 - - -
Breakdown Voltage BV. .. 1 5.5 - |5.5 - 5.5 - 5.5 - 5.5 - - Vde - - 1 - 8 - - 4 10
in"0 5 - - - - - - - - 50 - |13] - - -
8 - - - - - - - - 8 | - - - -
9 _ - l - 1 B l . - . - b - l - » -
13 - - - - 5 - - - 13| - |8 | - - -
BV, wpe| 1 |85 | - |55] - |55 - |55 - |55 - Vdc = - O I - - - 4 2,3,5,6,7,10,11,14
5 - - R - R - 5 - | - | - - - - 1,2,3,6,7,10,12,14
8 - - - - - - - 8l - |- |- - - - 1,2,3,5,6,7,9,10,12,14
9 - - - - - - - 9| - | - | - - - - 1,2,3,5,6,7,8,10,12,14
13 - - - - - - - Bl -1-]- - o 1,2,3,5,6,7,10,11,14

* Prime Fan-Out.

{continued)
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8.¥

ELECTRICAL CHARACTERISTICS (continued) # 13

A TEST CONDITIONS
K3 14
Test procedures are shown for only one E% 3 K Gh—12 mA Volts
J and K input, plus the SET, PRESET, and T3 @ Test lo lon
RESET inputs. To complete testing, se- R s oaf—m Temperature [“pr T s1d | Pr | Std lin | 2 ba| Vi | Vin Voo [Vino| Vi1 | Vour| Vec
quence through remaining J and K inputs B o7 .
X 5 —55°C | 22,0{12.0|-1.5[-0.7| 1.0| 2.0 [0.45] 2.8 4.5 1.0 2.0 |5.5] 5.0
in the same manner. H .
MC2109%, MC2159 | +95°C | 22.0[12.0[-1.5]-0.7] 1.0 2.0 [0.45] 2.8 4.5 1.2| 1.7 |55 5.0
+125°C | 22.0{12.0 |-1.5[-0.7[1.0| 2.0 |0.45| 2.8 4.5 0.9| 1.4 |55 5.0
0°C | 22.5[12.5|-1.2[-0.6| 1.0| 2.0 [0.45] 3.0 4.5 1.1 1.9 |55 5.0
MC2009, MC2059 { +25°C | 22.5[12.5|-1.2(-0.6] 1.0 2.0 |0.45] 3.0 4.5 1.2 1.8 5.5 | 5.0
+75°C | 22.5/12.5|-1.2|-0.6| 1.0| 2.0 {0.45 3.0 4.5 1.1| 1.7 | 5.5 5.0
Pin MC2109, MC2159 Test Limits MC2009, MC2059 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —55°C +25°C +125°C 0°C +25°C | +75°%C ’
Characteristic Symbol | Test ['Min [Max| Min] Max | Min] Max | Min] Max | Min | Max | Min] Max | Unit loL lon ln | 2ha] Vi | Vin Ve [Vino| Yin1 | Vou| Vec Gnd
Clock Input
L 3 - |-2.0f - | -2.0| - | -2.0] - |-2.5| - |-2.5] - |-2.5|mAdc - - - -] -] - 1,2,5,6 - - - 4 3,10
Forward Current F 7,8',9’.13,'1 4
Leakage Current 1y 3 - (150 | - [ 150 | - | 150 | - | 150 | - | 150 | - | 150 | uAdc - - - - -] - 3 - - - 4 1,2,5,6,7,10,14
Inverse Beta Current lL 3 - 200 [ - 200 - 200 - 200 - 200 | - 200 | pAde - - - 13 - 3 - - - 4 10
3 - 20| - [ 200 - | 200 - ]200]| - |200] - |200]uAde - - - 8 | - 3 - - - 4 10
Breakdown Voltage BV, wor 3 5.5 - |5.5 - 5.5 - 5.5 - 5.5 - 5.5 - Vde - - - 3 13 - - - - - 4 10
mn 3 |55 - [55]| - 55| - 55| - |65]| - [55| - | Vde - - -1 8 | 8| - - - - - 4 10
BV, .| 8 [55] - [6.5] - [6.5] - [6.5| - [5.5] - [5.56] - | vdc - - -y T -] - - - - - 4 1,2,5,6,7,10,14
Output .
Output Voltage Vout o 12 - 10.45| - | 0.45| - |0.45) - | 0.45| - |0.45| - |0.45| Vdc 12 - - - - - - - 13 - 4 3,8,10
NI E IR Dottt SRR 31015
1| - - - - - - 11 - - -1 -] - - - 8 - 3,10,13
Vourrqe | 12 [ 28| - |24] - (27| - |25| - 24| - |25] - |Vde - 12 B e - 13 - - 4 8,10
NI ENEIENENEN O R e R R 1013
11 - - - - - - - 11 - - - - - 8 - - 10,13
Leakage Current IoLk 12 | - j225| - | 225 | - | 225 | - | 225 | - |225| - | 225 | uAdc - - -1 - - - - - - 12 | 4 1,2,3,5,6,7,8,9,10,13,14
11 - |oe25 | - | 225 | - | 225 | - | 225 | - [225| - | 225 | uAde - - - - - - - - - 1 | 4 1,2,3,5,6,7,8,9,10,13,14
Short-Circuit Isc 12 | - - |-30] 70| - -] - - |-30|-70| - | - |mAdc - - - - -] - - - - - 4 |1,2,3,5,6,7,8,9,10,12,13,14
Current 11 - - |-30] -0 | - - - - |-30|-70]| - - |mAdc - - - - -] - - - - - 4 [1,2,3,5,6,7,8,9,10,11,13,14
Output Voltage VoL 12 | - |0.40| - | 0.40| - | 0.45| - | 0.40| - |0.40| - |0.45| vac 12 - - -] - |18 - - - 4 3,8,10
NN IR i NN 31013
11 R - - - - . 11 . R - - |8 - - - - 3,10,13
Vou 12 [2.80| - |3.200 - [3.35| - [3.00] - |3.10] - [3.15] - | Vdc - 12 - -l - - - - - 4 8,10
4 SR IR P I N 1 I R A B I 1015
11 - - - - - - - 11 - - 8 - - - - - 10,13
Power Requirements
(Total Device) .
Power Supply Drain IPD 4 - 12 | - 12 - 12 - 14 - 14 | - 14 |mAdc - - - - - - - - - - 4 3,10,13
Iop 4 - 12| - 12 |- |12 - | 14| - |14]- 14 |mAdc - - - - - - - - - - 4 3,8,10

* Prime Fan-Out.
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MC2109, MC2159/MC2009, MC2059 (continued)

OPERATING CHARACTERISTICS

Clock fall time < 100 ns.
Triggers on clock pulse widths > 15 ns.

Provides direct SET, PRESET, and RESET inputs. The
application of a “0'’ state to 8 or 9, sets Q high; ‘0" state
to 13, resets Q low. The clock must be in the low state
when these functions are performed.

Data at the J and K inputs must be present before the
clock goes to a high state. If the information on the J and
K inputs is changed while the clock is in a high state, the
flip-flop will require typically 300 ns to recognize a “‘1"’

SWITCHING TIMES

state to “‘0’" state information change on the J and K
terminals. The flip-flop will require typicaily 6.0 ns to
recognize a "0’ state to ‘1" state change.

Negative edge triggering — When the clock goes from
the high state to the low state, the information in the
temporary storage section is transferred and the Q and Q
outputs will respond accordingly. While the clock is in a
low state, the J and K terminals are inhibited.

Unused J and K inputs should be tied to the clock or
to 2.0 to 5.0 Vdc. PRESET and SET are tied to Q;
RESET is tied to Q.

FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT

VOLTAGE WAVEFORMS AND DEFINITIONS

SYMBOL

PRF
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MC2109, MC2159/MC2009, MC2059 (continued)

FIGURE 2 — J-K TERMINAL CHARACTERISTICS TEST CIRCUIT

Enable Mode Test:
The device under test shall toggle when
VEN = 1.8 Vdc +1% is applied.
Inhibit Mode Tes
The device under test shall NOT toggle when
VINH = 1.2 Vdc £1% is applied.

T SYMBOL

tpPost
ton
Toff
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“OR” J-K FLIP-FLOP

MTTL Il MC2100/2000 series

MC2110 - MC2160
MC2010 - MC2060

49vee
40k$ 15k 180391 913180 1.5k 4.0k
I/
11] 12
ro | o
x
L L
1.0k3 335 3.5k 1.0k
) 4
¥/s5.0k 5.0 k 5.0k$ 5.0 k
5 044 5/ _( v LI —>_ \-E ro 1
é A 2
7 13
8 14
3
3 5.0 k 5.0 k i
x - o 14 %
1 1 x 7
Y S X \ L T 3
i 10k 10k$ i
4 L
108GND
EQUIVALENT CIRCUIT
9 1
_o—

(]
m
-

12

: J

Jq 50 ! o

Ja 60— 9 02 K4

Ly 70+ | 013 My

Ly 80 {014 M,
3

The MC2110, MC2160, MC2010, and MC2060 are clocked
flip-flops that trigger on the negative edge and are internally
wired to perform the J-K logic function. Each flip-flop has a
positive logic AND-OR input gating configuration that con-
sists of two clocked J inputs ANDed together, two clocked K
inputs ANDed together, two clocked L inputs ANDed together,
and two clocked M inputs ANDed together. The J and the L
inputs are ORed together and the K and the M inputs are
ORed together. A direct SET is also available.

In normal operation, information is changed on the clocked
inputs while the clock is in a low state, since the inputs are
inhibited in this condition. Information is read into a temp-
orary memory through the AND-OR input gating when the
clock is in the high state. When the clock returns low the infor-
mation in the temporary memory is transferred to the bi-
stable section and the Q and the Q outputs respond accord-
ingly. The information on the clocked inputs should not be
changed while the clock is high.

Each flip-flop can be set directly by applying a low state
to the direct SET input. Since each flip-flop is a charge stor-
age device there is a restriction on the clock fall time that
must be observed.

The AND-OR input configuration of each flip-flop makes
it very useful for shift right/shift left registers and for up/
down counters.

My 13
M7 14
af—12
Ko 1
Ky 2
CLOoCK 3
Jy 5
38
aQf— 11
L 7
Ly 8 I
SET 9
J L K M | a, [an+
) ) X X ° o X = Don’t Care
1 X X X 0 1 Where J = Jq ¢ Jp
X 1 X X 0 1 L=LqeLla
X X 0 0 1 1 K =Kqe*Kap
X X 1 X 1 3} M=Mq°*My
X X X 1 1 0

Total Power Dissipation = 50 mW typ/Pkg
Switching Times:
ton = 20 ns typ

vee=4 L —1 CLOCK toff = 13 ns typ
GND=10 T T
INPUT LOADING “F)
FACTOR
SERIES OUTPUT DRIVE oy | TEMPERATURE
cLock ALL cLock ALL
OTHER OTHER
mc2110 _ _ 11 MC2100 series Gates (22.0 mA)| ___o o
MC2160 200 0.66 (=4.0mA) (=133 mA) | 5 \1C2100 series Gates (12.0 mA)| —S5°C to +125°C
mMC2010 9 MC2000 series Gates (22.5 mA) o 5
MC2060 200 066 (=5.0mA) (-1.66 mA) | §MC2000 series Gates (12.5 ma)|  0°C 1 +75°C
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TEST CONDITIONS
ELECTRICAL CHARACTERISTICS 213 mA Volts
12
Test procedures are s'hown for only one Joge g @ Test log lon
gn;K,Lannt/j' t.he SET input. Zhg reI:nammg T a Temp PrTstd] P std] bn |2 0|40l Vi Vi Ve | Vinr|Vino| Vour| Vee
- K, L, M inputs are tested in the same 42 —55°C [22.0[12.0] -1.5-0.7]1.0] 2.0 | 4.0]0.45/ 2.8 | 4.5 | 2.0 | 1.0 | 5.5 ] 5.0
manner. o ' MC2110%, MC2160 | +25°C [22.012.0] -1.5 |-0.7| 1.0] 2.0 | 4.0 |0.45/2.8| 4.5 | 1.7 | 1.2 | 5.5 5.0
s +125°C [22.0[12.0] -1.5 [-0.7|1.0] 2.0 | 4.0]0.45{ 2.8 4.5 1.4 ] 09 [55]50
s 0°C [22.5[12.5] -1.2 [-0.6[1.0[ 2.0 4.0[0.45/3.0] 4.5 1.9 [ 1.1 [55]50
MC2010*, MC2060 { +25°C [22.5|12.5]-1.2|-0.6[1.0]2.0]4.0]0.45[3.0] 4.5 1.8 | 1.2 |55]50
+75°C |22.5[12.5| -1.2 |-0.6/1.0[ 2.0 [4.0[0.45/3.0] 4.5 1.7 [ 115550
Pin MC2110, MC2160 Test Limits MC2010, MC2060 Test Limits TEST CURRENT /VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | —55°C +25°C +125°C 0°C +25°C +75°C
Characteristic | Symbol | Test [ Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit | o lo | n]2hn4ha] Vi [Vin| Ve | Vini| Veno | Your| Vee 6nd
Input
Forward Current I 1 - |-1.33 - |-1.33f - |[-1.33¢ - |-1.66| - |-1.66] - |-1.66| mAdc - - - - - - - 12,3,5,6,7,| - - - 4 1,9,10
F 8,13,14
5 N . R - - - - - S - - -] - 123,87, - - - 5,10,11
8,13,14
9 - - - - - - - - C N N A B E R X X A - - 3,9,10,11
8,13,14
Leakage Current IR 1 - 100 - 100 - 100 - 100 - 100 - 100 | pAde - - - - - - - 1 - - - 4 2,3,5,6,7,8,10,11,13,14
5 - - ‘ - ‘ - ‘ - - ‘ - - N 5 - - - ‘ 1,2,3,6,7,8,9,10,12,13,14
9 - - - - - - - - O R R B 9 - - - 1,2,3,5,6,7,8,10,12,13,14
Inverse Beta Current IL 1 100 - 100 . 100 - 100 - 100 - 100 | pAde - - - - - - - 1 - - - 4 9,10
I R AR EENR : S I I I I e I D D 101
9 - - - - - B I e e 9 - - - 10,11
Breakdown Voltage BV non 1 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - 5.5 - vde - - 1 - - - - - - - 4 9,10
5 - - - - - - - - 50 - -1-]- - - - 10,11
9 ‘ - ‘ - ‘ - J R i - - o | - | -1-1- R 1011
BV, 1"l 1 55| - 55| - |55 - |55| - |55 - [55] - | vde - - 1=l -]-]- - - - - |4 2,3,5,6,7,8,10,11,13,14
5 - - - - - - - - 50 - -1-]- - - - - 1,2,3,6,7,8,9,10,12,13,14
9 IR ‘ RN - - 9 | - | -|-1]- - R 12.3.5.6.7.8,10,12,13 14
Clock Input I 3 - | -40| - |-40]| - |-40] - |-5.0] -~ [-50]| - | -50]made - - - - - - - (L2561, - - -] 4 3,10
Forward Current 8,13,14
Leakage Current Ip 3 - 300 - 300 - 300 - 300 - 300 300 | pAde - - - - - - - 3 - - - 4 1,2,5,6,7,8,10,13,14
Inverse Béta Current | 1 3 - 400 | - | 400 | - |400] - [400] - | 400 | - | 400 | pAdc - - - - -] -] - 3 - - -] 4 9,10
3 - | 400 | - |400 | - |400 | - | 400]| - | 400 | - | 400 | pAdc - - -l -l -1-]- 3 - - - |4 10,11
Breakdown Voltage [BV ol 3 (85| - [65] - [55 - [55[ - [55[ - |65 - | vde - - - - - - - - -] 4 10,11
n 3 |55 - [55] - |565| - |55 - |55| - [55] - | vdc - - -l - 18 -1- - - - - 4 10,12
BV, | 8 |55] - |55| - |556| - [55]| - |56 | - |55] - | vdc - - BEREEERE - - - - 4 1,2,5,6,7,8,10,13,14
Qutput (For Set Only) - -
Outt Vortans Vouroe| 11| - |05 ] - |0.45 0.45 0.45 0.45 | - |0.45| Vde 1u® - PO N (R R - 9 - - 4 3,10
Vowrge] 10 25 [ - J2a| - Jen| - J2s| - [za| - [25[ - [ v - 11 - -1 -1T-71T- - - 9 -4 3,10
Leakage Current IOLK 12 - 650 - 650 - 650 - 650 - 650 - 650 | pAdc - - - - - - - 12 - - - 4 1,2,3,5,6,7,8,10,11,13,14
11 - | 650 | - | 650 | - | 650 | - | 650 | - | 650 | - | 650 | uadc - - -l - -]-t- 11 - - - |4 1,2,3,5,6,7,8,9,10,13,14
Short-Circuit Isc 12 - - -3 | -0 | - - - - -3 | -0 | - - | mAde - - - - -] - - - - - - | 4 [1,2,3,5,6,7,8,10,11,12,13,14
Current 11 - - | -%0 | -0 | - - - - |-30 ] -0 | - - | mAde - - L B e - - - - | 4 | 1,2,3,586,7,8,9,10,11,13,14
Output Voltage Voy | 12 |2.80 - [3.20] - [3.35| - [s.00f - [3.10] - [3.15] - | vdc - 12 DI N I A - - - - |4 3,10,11
11 |2.80 3.20 3.35 3.00| - [3.10] - [3.15] - | vdc - 11 -l - -1 - - - - - |4 3,10,12
Voo | 12 - |04 - |o40| - |o045| - [0.40| - |0.40| - | 0.45| vdc 120 - SO T R I ) - - - - a 3,10
11 - |04 - Jo40| - |o45]| - |o040| - [0.40] - | 0.45] vdc 1Q® - -l -1-1-19 - - - - |4 3,10
Breakdown Voltage 1o 12 - a2s| - |4a2s| - [425]| - [425] - [425] - [ 4.25] made - - -l - ] -] - - - - | s 1,2,3,5,6,7,8,10,11,13,14
11 - |425| - [425] - |425) - |425] - |4.25| - | 4.25 | made - - -l -1 -1- - - - a4 1,2,3,5,6,7,8,9,10,13,14
Power Requirements
(Total Device)
Power Supply Drain pp 4 - 15 - 15 - 15 = 18 - 18 - 18 Vde - - - - - - - - - - - 4 3,10,12
Iop 4 - 15 | - 15 | - 15 | - 18 | - 18 | - 18 | vde - - EO T I B - - - - |4 3,10,11

* Prime Fan-Out

® Momentarily ground pin prior to taking measurement at terminal.
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MC2110, MC2160/MC2010, MC2060(continued)

OPERATING CHARACTERISTICS

Clock fall time = 100 ns.

Triggers on clock pulse widths =15 ns.

The application of a ’0” state to the SET will cause Q to go
to the ‘1" state. The clock must be in the low state when this
function is performed. )

Data at the clocked inputs must be present before the clock
goes to a high state. If the information on the clocked inputs is
changed while the clock is in a high state, the flip-flop will require
typically 300 ns to recognize a "“1" state to “0"’ state change.
The flip-flop will also require typically 6.0 ns to recognize a ‘0"
state to “’1" state change.

Negative edge triggering — When the clock goes from the high
state, the information in the temporary storage section is trans-
ferred; and the Q and Q outputs will change accordingly. While
the clock is in a low state, the J, K, L, and M terminals are
inhibited.

Unused Inputs:
Single unused J, K, L, and M inputs should be tied to the used
input, to the clock input, or to 2.0 to 5.0 Vdc.

If both J, K, L, or M inputs are unused, they MUST be tied to
ground.

Unused SET is tied to Q.

FIGURE 1 — SWITCHING AND TRIGGER CHARACTERISTICS TEST CIRCUIT

SWITCHING TIMES

4-83
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MC2110, MC2160/MC2010, MC2060 (continued)

FIGURE 2 — J-K-L-M TERMINAL CHARACTERISTICS TEST CIRCUIT

INPUT VOLTAGE WAVEFORMS AND DEFINITIONS

Enable Mode Test:
The device under test shall toggle when
VEN = 1.8 Vdc £1% is applied.

Inhibit Mode Test:

The device under test shall NOT toggle when

VINH = 1.2 Vdc +1% is applied.

SYMBOL

tPost
ton
Loff
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DUAL 4-INPUT EXPANDER FOR\ MTTL Il MC2100/2000 series
“AND-OR-INVERT” GATES

MC2106 - MC2156
MC2006 - MC2056

‘

This device consists of two independent 4-input
AND gates. The outputs of each gate are made avail-
able as ORing nodes. Using the MC2102 series and the
r MC2106 series with any one of the basic expandable
¥ gates, up to 10 AND gates can be ORed together.
v 4 Collector

1 -\
ER\ = Jos

Emitter
i

GND _\ n

10 o—4 Collector
Total Power Dissipation = 14 mW typ/Pkg.
Propagation Delay Times:
25k Atpg =+1.0 ns typ
When added to the expandable
AND-OR-INVERT gates.

9
Atpg/pF = +0.7 nspF typ
1 Caused by additional capacitance
at expansion points.

INPUT
ry SERIES LOADING  (If)
FACTOR

-
WN=H

WN=H

>
25kg

oNOG

0N

MC2106
. MC2156 1 —2.0mA —550C to +125°C

MC2006
MC2056 1 —2.5mA

Full output loading factor of the expandable gate is maintained.

0°C to +75°C

APPLICATION: EXPANDABLE 2-WIDE 4-INPUT, “AND-OR-
INVERT"” GATE WITH A DUAL 4-INPUT EX-

PANDER CONNECTED. VcE. VoH TEST CIRCUIT
EXPANDER

140

20 MC2106

R MC2156

5 MC2006

g MC2056 Qre cou.ec*roa
8 Vce

143 Voroinon EMITTER
20 MC2100 th*1"

30 MC2150 Ving"

50 MC2000

E MC2050

Ia

EXPANDABLE
GATE

POSITIVE LOGIC
12=(14¢1¢2¢3)+(5°6+7°8)+(5¢6°7+8)+(14¢1+2+3)
L J L J

EXPANDABLE GATE EXPANDER
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98-v

ELECTRICAL CHARACTERISTICS

Collector

H . PP
= o

1

TEST CONDITIONS

Test procedures are shown for only one @ Test mA Volts
expander. The other expander is tested in Emitter Temperature | I. | L [ v, [v., v, Tv..Iv. Iv. Tv Tv.]v v..|v
a similar manner. Further, test procedures Emitter P ) €l in| R EV] E2] B3| th))"tho) Tout| "CR| "CRH | Tcc| YecH
are shown for only one input of the ex- ggj_\s —55°C|6.0|1.0|4.5|1.00[0.90{0.8 |2.0]|0.9 5.5 * - |50 -
pander being tested. To complete testing, H = MC2106, MC2156 { +25°C[6.0 | 1.0 | 4.5 |0.85]0.75]| 0.8 | 1.7] 1.1 ] 5.5 | * | * |5.0] 8.0
sequence through remaining inputs. Collector +125°C[6.0 | 1.0 | 4.5 |0.65]0.55] 0.8 | 1.4 0.9 | 5.5 | * 150 -
0°C|{6.0 1.0 [4.5 [0.90[0.80| 0.8 [1.9] 1.0 [ 5.5 | * - |50 -
MC2006, MC2056 { +25°C|6.0 | 1.0 | 4.5 [0.85[0.75]{ 0.8 |1.8 | 1.1 5.5 | * | ** |8.0 ] 7.0
: +75°C| 6.0 [ 1.0 | 4.5 [0.75]0.65|0.8 [1.7]1.0[5.5 | * | - [s5.0] -
Pin | MC2106, MC2156 Test Limits MC2006, MC2056 Test Limits
TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
. Under| —55°C +25°C | +125°C 0°C +25°C
Characteristic Symbol | Test [Min] Max| Min] Max | Min] Max | Min] Max | Min| Max Unit | le | ln | Vo | Ver | Ve | Ves [Vini|Vino| Your | Ver | Vern | Vee |Vean | Gnd?
1 1 1T 1 1 1 1 1 1 1
Input
Forward Current IF 1 - | -2.0f - |-2.00 - [-2.0 - | -2.5] - | -2.5| - | -2.5/mAde| - - 2,3,14 - - - - - - - - 4 - 1,10
Leakage Current I 1 - |100]| - |10 - |100| -] 100|-|100| - | 100]|pAde] - - L - - - - - - - - 4 - | 2,3,10,14
Inverse Beta Current I 1 - f1w0| - |10 - |100] -|100| -]100]| - | 100]|pAde] - - 1|13 | - - - - - 12| - 4 - 10
Breakdown Voltage Bvin"O" 1 5.5 - 5.5 - 5.5 - 5.5 - |5.5 - 5.5 - Vde | - 1 - 13 - - - - - 12 - 4 - 10
BV, wn| 1 |55 - |55 - |55 - |55/ - |55 - |55 - |vd]| - 1 - - - - - - - - - 4 - | 2,3,10,14
Output
Output Voltage VOH 12 | 4.8 - | 4.8 - | 4.8 - 4.8 - 4.8 - | 4.8 - Vde | - - - - 13 - - 1 - 12 - 4 - 10
Veg ®f 12| - o065 - |o0.65 - |o65| - |0.65 - |0.65] - |0.65 vac| 12| - - |13 - - 1 - - - - 4 - 10
Leakage Current Iork 12 - | 250 - [ 250 - | 250 | - | 250 - | 250 | - | 250 | pAde] - - - - - 1| - - 12| - - 4 - [1,2,3,10,14
Power Requirements
(Total Device) ®
Maximum Power Iax 4 - - - |70 - - - - -8 - - |mAde| - - - - - |93 - - - - 12| - 4 [1,2,3,10,14
Supply Current
Power Supply Drain IPDH 4 - 3.0 - 3.0 - 3.0 - 3.6 - 3.6 - 3.6 |mAde| - - - - - 9,13 | - - - - - 4 - 10%
Iopr, 4 - 425 - |4.25 - |4.25] - |5.25 - [5.25) - |5.25/mAdc| - - - - - - - - - - - 4 - |1,2,3,10,14

* Indicated pins tied to Voo thru. 800 ohms + 1. 0% resistor.
** Indicated pins tied to Vooy thru 800 ohms + 1. 0% resistor.
T Ground inputs to gate not under test during ALL tests, unless otherwise noted.

1 The inputs of both gates must be ungrounded.

® V(g is referenced to the emitter voltage (Pin 13). The other gate is referenced to (Pin 9).

@ Pin 9 ties to Pin 13, Pin 12 ties to Pin 11,

(panunuod) 9GOZIN 'QOOZOW/QQLZOW ‘90LZON



4-WIDE 3-2-2-3 INPUT EXPANDER
FOR “AND-OR-INVERT” GATES

MTTL Il MC2100/2000 series

MC2102 - MC2152
MC2002 - MC2052

Vee

1
25k
GND 25k
10 o—
25k1 2.5k
12

-
-HW
IS

This device consists of two 2-input and two 3-input
AND gates ORed together with the common ORing
nodes made available as the output. The basic expand-
able gate can be expanded up to 10 AND gates by
using the MC2102 series or the MC2106 series expand-
er package.

1
1

1
Emitter

Collector 11

WON @ O W N =pW

Total Power Dissipation = 28 mW typ/Pkg.
Propagation Delay Times:
Atpg = +2.0 ns typ
When added to the expandable
AND-OR-INVERT gates.
Atpg/PF = +0.7 nsfpF typ
Caused by additional capacitance
at expansion points.

APPLICATION: EXPANDABLE 4-WIDE “AND-OR-INVERT”
GATE WITH A 4WIDE 3-2-2-3 INPUT EX-

PANDER CONNECTED.

INPUT
TEMPERATURE
SERIES | LOADING (Ig)
FACTOR ' © RANGE
Mc2102 1 —20mA | —559Cto+125°C
MC2002 .
M2 1 —25ma 0°C to +75°C

Full output loading factor of the expandable gate is maintained.

VCE, VOH TEST CIRCUIT

EXPANDER

EXPANDABLE
GATE

1

»

N WO NRO

VON O O W N =

-
(X273

MC2104 MC2102
MC2164 MC2152
MC2004 MC2002
MC2054 MC2052

EXPANDER (MC2102)
POSITIVE LOGIC

Vee
800

1O'c, coLLECTOR
R ug) Vce
Vihe1 __L EMITTER VOH
Vih o . =ve
-E OTHER

" GATES

|1

—

11-(13-14-1)+(2-3)+(5 c6)+(7+8¢9)+(14¢1)+(2¢3)+(56)+(78¢9)
— |

EXPANDER

EXPANDABLE GATE
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ELECTRICAL CHARACTERISTICS 3 TEST CONDITIONS
1
Test procedures are shown for only one in- 2 Emitter 12 @ Test mA Volts
put of the device. To complete testing, se- 3 XY T
o - emperature | 1. | L Vv Ver [ Vea | Ves [Vin 11 Vinol Vour | Ver | V Vee |V,
quence through remaining inputs in the : Cotector 11 P €| in R il E2) €3] th1] tho] Tour] TCR| CRH] Tcc] TccH
same manner. S —55°C|6.0|1.0] 4.5 [1.00/0.90]/0.8]20]0.9]5.5] * - |50 -
H MC2102 , MC2152 | +95°C[6.0 [1.0| 45 |0.85]0.75|0.8 | 1.7 | 1.1 5.5 | * ** 15080
+125°C 6.0 | 1.0| 4.5 |0.65{0.55]/0.8 |1.4 0.9 55| * - |50 -
0°C|s6.0] 1.0 4.5 0.90(0.80(0.8 | 1.9 [ 1.0 | 5.5 * - 5.0 -
MC2002 , MC2052 { +25°C|6.0|1.0| 4.5 [0.85(0.75[0.8 [1.8 1.1 5.5 * ** |5.0] 1.0
+75°C| 6.0 1.0 4.5 0.75[0.65| 0.8 | 1.7 [ 1.0 | 5.5 b - 5.0 -
Under| —55°C +25°C +125°C 0°C +25°C | +75°C
Characteristic Symbol | Test | Min [ Max | Min| Max | Min | Max | Min | Max | Min Max | Min[Max| Unit | 'c | lin Vo | Ver | Ve | Ves |Vint[Vino| Vour | Ver Ve | Ve | Veen Gnd
Input
Forward Current IF 1 - |=-2.0f - |-2,0f - |-2.0 - | -2.5[ - |-2.5] - [ -2.5 mAde| - - {2,3,5,6,7,] - - - - - - - - 4 - 1,10
8,9,13,1
Leakage Current IR 1 - - 100 - 100 - | 100 - 100 - 100 | pAde| - - 1 - - - - - - - - 4 - 2,3,5,6,7,8,
9,10,13,14
Inverse Beta Current lL 1 - - 100 - 100 -1 100]| - 100 - 100 | pAde| - - 1 12 - - - - - 11 - 4 - 2,3,5,6,7,8,9,10|
Breakdown Voltage BV, . 1 5.5 5.5 - 5.5 - 5.5 - |5.5 - 5.5 - Vde | - 1 - 12 - - - - - 11 - 4 - 2,3,5,6,7,8,9,10
in"0'
BV, | 1 |55 55| - |s55]| - 55 - [5.5] - |55 - | vae| - 1 - - - - - - - - - 4 - 2,3,5,6,7,8,9,
. 10,13,14
Output
Output Voltage VOH 11 | 4.8 4.8 - 4.8 - 4.8 - |4.8 - 4.8 - Vde | - - - - 12 - - 1 - 11 - 4 - 2,3,5,6,7,8,9,10
VCE® 11 - |0.65) - |0.65[ - |0.65 - 10.65] - |0.65/ - [ 0.65 Vvdc | 11 - - 12 - - 1 - - - - 4 - 2,3,5,6,7,8,9,10f
Leakage Current IOLK 11 - - 250 - 250 - | 250 | - 250 - 250 | pAde| - - - - - 12 - - 11 - - 4 - 1,2,3,5,6,7,8,
9,10,13,14
Power Requirements
(Total Device)
Maximum Power Imax 4 - - 14 - - - - - 15 - - mAdc| - - - - - 12 - - - - 11 - 4 1,2,3,5,6,7,8,
Supply Current 9,10,13,14
Power Supply Drain IPDH 4 - - | 60| - |6.0 - (72| - | 72| - | 72| mAde| - - - - - 12 - - - - - 4 - 10
I 4 - - 8.5 - 8.5 - 110.5] - |10.5| - | 10.5| mAdc| - - - - - - - - - - - 4 - 1,2,3,5,6,7,8
PDL ’9,10,1’3:174 '

* Indicated pins tied to Vo thru 800 ohms 1. 0% resistor.
** Indicated pins tied to Vocoy thru 800 ohms « 1. 0% resistor.
@ VE is referenced to the emitter Voltage (Pin 12),

(panunuod) ZGOZIIN ‘200ZON/2SLZON ‘20LZON
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Vee = 6.0V, Ta =25°C

NUMERICAL INDEX
(Functions and Characteristics)

Output Propagation Power

Loading Delay Dissipation

Factor tpd mW Page

Function Type Each Output ns typ typ/pkg No.

Quad 2-Input NAND Gate MC3000 ) 10 6.0 88 4-112
Quad 2-input AND Gate MC3001 10 9.0 112 4-110
Quad 2-1nput NOR Gate MC3002 10 6.0 122 4-114
Quad 2-Input OR Gate MC3003 10 9.0 150 4-116
Triple 3-Input NAND Gate MC3005 10 6.0 66 4-108
Dual 4-Input NAND Gate MC3010 10 6.0 44 4-104
Single 8-input NAND Gate MC3015 10 8.0 22 4-102
Expandable Dua) 2-ide 2-Input MC3020 10 60 625 4-106
Dual 4-Input NAND Power Gate MC3025 20 6.0 70 4-120
Dual 4-Input AND Power Gate MC3026 20 9.0 90 4-118
Dol Sinpus sOup AN Seis | coons : s iz
Dust 31npus Oupur NAND Seris | G329 : “ 12
DA SRR woom |+ ,5 iz
AND J-K Flip-Flops MC3050 10 f=40 MHz 80 4-128
AND Input JIKK Flip-Flop MC3052 10 f=40 MHz 75 4-133
Dual Type D Flip-Flop MC3060 10 f =30 MHz 120 4-138
Dual J-K Flip-Flop MC3061 10 f=50 MHz 100 4141
Dual J-K Flip-Flop MC3062 10 f=50MHz 100 4-145

*Direct Output = 10 minus the number of resistor-terminated outputs being used.
**Full output loading factor of the gate is mai
***Atpg = +1 .0 ns typ when added to the expandable AND-OR-INVERT Gate.
AtdepF = +1.0 ns pF typ caused by additional capacitance at expansion points.
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f LOGIC DIAGRAMS \

MTTL 111 MC3000 series

—GATES -

MC3000
Quad 2-Input NAND Gate

1

4

L

9
10:D°_—8
12

w
n
-
.
N

tod = 6.0 ns typ
Pp = 88 mW typ/pkg

MC3001
Quad 2-Input AND Gate

W

©

-
-

ek

N
W N O O O Bs N =

3=1e2

tq = 9.0 ns typ
Pp =112 mW typ/pkg

MC3002
Quad 2-Input NOR Gate

1
3
2
) >
6
5
9
8
10
12
1
13 -

tpd = 6.0 ns typ
Pp = 122 mW typ/pkg

MC3003
Quad 2-Input OR Gate

W

[
W NC OO BLAE N =
©

Yy

-
-

3=1+2

tpd = 9.0 ns typ
Pp = 150 mW typ/pkg

MC3005
Triple 3-Input NAND Gate

-
-
N

=00 CbLW WN=
[}

«©
-
NO W
©

—-——

12=1+ 2013

tpd = 6.0 ns typ
Pp = 66 mW typ/pkg

MC3010
Dual 4-Input NAND Gate

=

QBN =
o

13

6=T+2+4+5

tpd = 6.0 ns typ
Pp = 44 mW typ/pkg

MC3015
Single 8-Input NAND Gate

Saaa
WN=0hWN=
«©

MC3020

8=1¢2¢3¢4+100119129+13

tpd = 8.0 ns typ
Pp = 22 mW typ/pkg

Expandable Dual 2-Wide 2-Input
AND-OR-INVERT Gate

9
10
13 8
1
Emitter 11
Collector 12
2
6

3
4
5

8=(9+10) + (13« 1) + (Expanders)

tpd = 6.0 ns typ
Pp = 62.5 mW typ/pkg
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LOGIC DIAGRAMS (continued)

—POWER GATES

MC3025 MC3026
Dual 4-Input NAND Power Gate Dual 4-lnput AND Power Gate

1
2
SO
5
]
10 10
13 13

6=1+2+4+5 6=1¢2+4+5
tod = 6.0 ns typ tpd=9.0 ns typ
Pp = 70 mW typ/pkg Pp = 90 mW typ/pkg

—LINE DRIVERS

MC3028 MC3029
Dual 3-Input 3-Output AND Dual 3-Input 3-Output NAND
Series Terminated Line Driver Series Terminated Line Driver
5 ~VW~5
3 ‘ i=— Pt
3
. Lnns
9 9
1 11
E . % .
10 10
4,5,6,=123 4,56=1+2+3
tpd = 9.0 ns typ tod = 6.0 ns typ
Pp = 56 mW typ/pkg Pp = 44 mW typ/pkg
—EXPANDER
MC3030

Dual 4-Input Expander for
AND-OR-INVERT Gates

Collector

I § |

Atpd =+1.0 ns typ
__._! 11 When added to the expandable
Emitter “AND-OR-INVERT' gate.

Atpd/pF = +1.0 ns pF typ
) Caused by additional capacitance
Emitter at expansion points.

——X10 Pp = 16 mW typ/pkg
——\%g
Collector

-

WN =W

L
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LOGIC DIAGRAMS (continued )

—FLIP-FLOPS

MC3050 MC3052
AND J-K Flip-Flop AND Input JJ-KK Flip-Flop
SET 9——— SET 2
335 —fpo—o 1
pER f— 3 4 al—s
32— 4@ 8 'F
CLOCK 13 CLOCK 9o
JK 1 JK 1—-0[
—
_ K1 3 —1 gb—
BP—=  Jx a—s =Dl
K312
RESET 5 ] RESET 13
3 [kTa,la
bl M Y i oo or| r;ﬂ
oo o] o o|lo|o]| o :
ol o 1 1 Where: olo 1 1 Where: _
01110} 0- J=J1+424430 0K ol1]ol o J=J1 2 T3 40K
/] 1 1 o K=K1e K2 K3 JK o 1 1 ] K=K1e¢ K2e K30 JK
1]oflo] 1 1{o]of 1
1 [s] 1 1 1 0 1 1
1 1 [s] 1 f =40 MHz 1 1 ) 1 =40 MHz
1j1j1f o Pp = 80 mW typ/pkg 1j1]1] 0 Pp =75 mW typ/pkg
MC3060 MC3061
Dual Type D Flip-Flop Dual J-K Flip-Flop
SET 4
o 2 5 SET 4
CLOCK 3 6 43
RESET 1 K 2
SET I
10 CLOCK 13
D12 9 RESET 1
cLock 11 8 J | X 9% am
o|o|[0]| o
RESET 13 g t1) ; ; K12
ol1|1] o SET 10
o [a,[en 1 ]ofjo] 1
SHNE
o[1]| o
1lol 3 1 |1]1] o0
e ! =30 MHz =50 MHz
Pp = 120 mW typ/pkg Pp = 100 mW typ/pkg
MC3062
Dual J-K Flip-Flop
SET 4
J 3 5
CLOCK 1
K 2 6
J | K |9n [Gns1 J11 9
: ol 9 CLOCK 13
ol1lol o K12 8
oj1|1] o SEF
11olo] 3 SET 10
1 o1 1
1110 1
101 |1 0
=50 MHz
Pp = 100 mW typ/pkg
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MTTL 1]

GENERAL INFORMATION

SECTION

INTRODUCTION

MTTL !l integrated circuits are designed with speed ap-
proaching the limit for saturated logic and for good load
driving capability. This line includes all the characteristics
that have made transistor-transistor logic so popular. The
major advantage of MTTL Il over other TTL lines is the
square transfer characteristic (Figure 1) that exists only
for the MTTL Il family. Because of this “ideal” transfer
characteristic, the MTTL IH family is the only TTL line
that is truly compatible with MDTL. Another advantage
of this family over competitive TTL lines is that it is de-
signed to minimize problems associated with ringing.

The circuits in the MTTL Il family are distinguished
by a multiple-emitter input transistor, a darlington active
“pull-up” in the upper output network, and an active by-
pass network in the base of the output pull-down transistor
as shown in Figure 2.

The multiple-emitter input configuration offers the
maximum logic capability in the minimum physical area
and provides improved switching characteristics during
turnoff. Clamp diodes are provided at each of the inputs
to limit undershoot that occurs in typical system applica-
tions such as driving long interconnect wiring. The

FIGURE1 — COMPARISON OF CONVENTIONAL
TRANSISTOR-TRANSISTOR LOGIC AND MTTL Il

Darlington output configuration provides very low out-
put impedances in each of the two output states. These
low impedances result in excellent ac noise immunity and
allows high-speed operation while driving large capacitive
loads.

The active bypass shown in the dotted area of Figure 2
holds the phase inverter transistor “‘off” until gate thres-
hold is reached. This circuit operation provides the
squared transfer characteristic shown in Figure 1.

In addition to improving the transfer characteristic,
thebypass network offers a number of advantages compared
to a simple resistor that can be traced to a much smaller
impedance variation with temperature.

1. Lower bypass impedance for the reverse current
of the output transistor at elevated tempera-
tures, provides faster turn-off.

2. A lower current spike during the turn-off tran-
sient causes a lower ac power factor resulting in
a lower total power consumption. This advan-
tage is even more pronounced at higher tem pera-
tures.

3. Faster turn-on at low temperature.

FIGURE 2 — TYPICAL MTTL Ul CIRCUIT

MTTL Il

CONVENTIONAL

2 TTL

QUTPUT VOLTAGE (VOLTS)

0 T T T
[} 1 2 3

INPUT VOLTAGE (VOLTS)
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“NAND” GATES

GENERAL INFORMATION The basic gate of the MTTL 111 logic family is the positive

SECTION logic NAND gate. This gate is characterized by high speed, good
load driving capability, superior transfer characteristic, and freedom
from ringing problems. Representative of the various NAND gates
presently available in the MTTL Il family is the 4-input NAND
gate (% of the MC3010) shown in Figure 3.

“AND”" GATES

While it is possible to design a complete logic system with

NAND logic, it is often desirable to use other logic forms to save

TYPICAL CHARACTERISTICS circuits, power dissipation, and propagation delay. Therefore,

the positive logic AND function has been added to the MTTL I11
family.

Examples of the AND function are the standard quad 2-input
gate, dual 4-input gate, dual 4-input power gate and a dual Zinput,
3-output line driver.

The technique used to form the AND function is the addition
of an inverter to the basic NAND circuit. As shown in Figure 4,
the inverter transistor with a collector resistor and an offset diode
connected to its emitter is inserted between the multiple-emitter
input transistor and the basic circuit phase-splitter transistor. The
extra inversion adds only 3.0 ns propagation delay and about 6.0
mW additional power dissipation.

FIGURE 3 — MTTL 1l POSITIVE LOGIC “NAND” GATE

CIRCUIT
Vee
14
24k 800 60
28 35k 6
a
s
250 3 500
?
GND
% MC3010

FIGURE 4 — MTTL 11l POSITIVE LOGIC “AND” GATE
CIRCUIT

(1 Assuming unused inputs are returned to voltage not
greater than 4.0 Vdc.

(2) The switching characteristics of the MTTL 111 family are
defined with respect to the associated transitions of the
voltage waveforms. The average propagation delay is de-
fined as the average of the turn-on delay and the turn-
off delay measured from the 1.5 V point of the input to
the 1.5 V point of the associated output transition or:

_ ton * toff

thgd = ns
pd 2

Rise time is defined as the positive going transition of the out-
put from the 1.0 V to the 2.0 V level. Fall time is defined as
the negative output transition from the 2.0 V to the 1.0 V
level.

¥% MC3001
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“AND-OR-INVERT” GATES

Unlike the MDTL family of logic circuits, the outputs of
MTTL logic circuits cannot be tied together to perform the “Im-
plied AND", often called the ““Wired OR" function. If the outputs
of the MTTL family devices are tied together, the lower output
transistor of one circuit and the upper output transistor of another
circuit can be “on’ simultaneously. This condition provides a
low-impedance path from Ve to ground, and due to excessive
current flow, the saturated output state cannot be maintained and
the desired logic function is not satisfied.

To retain the logical advantages offered by the *Implied
AND’’ with the speed and load driving capability ot an active pull-
up, the MTTL 111 family offers an AND-OR-INVERT Gate. The
gate in Figure 5 incorporates two 2-input AND functions with out-
puts that are ORed and inverted. The AND function is provided
by two multiple-emitter input transistors (Q1a and Q1b). The OR
and INVERT operation is accomplished by two paralleled tran-
sistors (Q2a and Q2b) sharing a single collector resistor and a
single bypass network. These paralleled transistors in turn drive
the standard output.

The common collector and emitter nodes of one gate in each
package are available externally to permit expansion.

FIGURE 5 — MTTL Il “AND-OR-INVERT"” GATE
CIRCUIT

Vee

14 0 9

% MC3020

EXPANDER AND EXPANDER NODES

The ORing nodes of % the MC3020 dual AND-OR-INVERT
Gate (Figure 5) are available for expanding the number of AND
gates to four. Since these are comparatively high-impedance nodes,
care should be taken to minimize capacitive loading on the expander
terminals if switching speed is to be maintained. When an ex-
pander is to be used with an expandable AND-OR-INVERT gate,
it should be placed as close as possible to the gate being expanded.
The increase in the average propagation delay per AND gate added
to an expandable AND-OR-INVERT gate is typically 1.0 ns/AND
gate. The increase in average propagation delay as a function of
capacitance added to the expander nodes is typically 1.0 ns/pF.

4-97

“NOR"” GATES

To save inverters, the system designer often needs the positive
logic NOR function as well as the negative logic NOR available with
the standard NAND gate. This capability is incorporated in the
MTTL 111 line in the form of the MC3002, quad 2-input NOR Gate.
The NOR gate is a modified AND-OR-INVERT gate with only a
single emitter on each input transistor, as shown in Figure 6.

“OR” GATES

To provide the system designer with still another tool for opti-
mum design, the MTTL Il Series also offers the positive logic OR
function. As shown in Figure 7, the OR is essentially a NOR gate
with an additional inverter.

POWER GATES

Standard MTTL 111 gates offer good load driving capability and
high fan-out. In most systems, however, there are a few applica-
tions that exceed the capability of a standard gate. The MTTL 111
power gates, shown in Figure 8, are designed to meet these require-
ments with a minimum of additional circuitry. Available in both
NAND and AND functions, the power gates feature output cir-
cuitry designed to provide twice the fan-out of conventional gates:
20 standard gate loads instead of 10.

FIGURE 6 — MTTL 111 POSITIVE LOGIC “NOR” GATE

CIRCUIT
Vce
14
24k 24k 800 60
3
1 o4
250 500
2 35k
X 1F
% MC3002 S
Gz)D

FIGURE 7 — MTTL 11l POSITIVE LOGIC “OR” GATE

CIRCUIT
Vce
14
24k 2.4 % 24k 800 60
35k 3
10— 250 ¢ 500 '\
Yy
2
2 x
% MC3003 sz




LINE DRIVERS

To minimize switching transients on long lines, the MTTL 1}
family includes dual 3-input/3-output series-terminated line drivers.
Two outputs have 75-ohm resistors in series with the standard out-

put node, and one is connected directly to the node. A good

match can be made at the output of each resistor when driving
93-ohm coax or 120-ohm twisted pair. For loads of 50 to 93
ohms, the two resistive outputs are paralleled for impedance match-
ing. The non-resistive output can be used to drive adjacent loads
in a normal fashion. The total number of output loads connected
to the direct output (non-resistive output) is the standard fan-out
of 10, minus the number of resistor terminated outputs being used.

Figure 9 shows 1/2 of the circuit of the MC3029, dual 3-input,
3-output series terminated NAND line driver. Figure 10 shows a
typical application of this circuit and Figure 11 demonstrates the
effects of series termination without a significant loss in high
state noise immunity.

FIGURE 8 — MTTL 11l POWER GATE CIRCUIT (AND)

Vee
12
2.2k 3k as0 54
10— )
f-emn 3k 6
130; 560
3
3 1.5k
k.
[ 3

% MC3026

FIGURE 9 — MTTL Il TERMINATED LINE
DRIVER (NAND)

Vee
14
$2.4 k 800 60
75
E f 5
10—4
2014 3.5k 75
250 500
x
Y
3
7
GND
% MC3029
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FIGURE 10 — TYPICAL APPLICATION OF THE LINE

DRIVER
A 8 c
I 24930 IF‘°‘='
ng Lo T
P
=D Pt D
FO.=1
Fo.<8

FIGURE 11 — EFFECTS OF SERIES TERMINATION
WITH A MTTL 11l GATE DRIVING A 93-OHM LINE

UNTERMINATED SERIES TERMINATED
SOURCE END @ A

a

3 SOURCE END @ A
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LOADEND®@C 4
3 LOADEND@C
2
1
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OPERATING CHARACTERISTICS OF FLIP-FLOPS

The cornerstone of any modern logic family is the capability of
its storage elements. The MTTL HI flip-flops are designed to give
maximum logic performance with fewer system restrictions than
their predecessors. Three basic designs are typified by the MC3050,
MC3060 and MC3061/MC3062. Common to all designs are:

1. Edge clocking.

The flip-flop is clocked at the normal MTTL Il thres-
hold voltage (approximately 1.5 V @ 25°C).

2. Overriding asynchronous inputs.

The direct SET and RESET inputs control the operation
of the flip-flop regardless of the state of the clock or the
information on synchronous inputs.



GENERAL INFORMATION
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3. Short set-up times.

Prior to the clocking edge, the input information must
become stable. The MTTL Il flip-flops require only a
minimum of time to read a “‘1” or a “’0”". Therefore
data may be applied anytime in the clock period except
during the time interval between the Set-up and Hold
times. This characteristic permits higher clock frequen-
cies or eliminates the necessity for critical control of
clock pulse width.

4, All inputs to the storage elements including the clock
input have inputs that are compatible with all three
MTTL families.

FIGURE 12 — LOGIC DIAGRAMS OF EDGE-CLOCKED
MTTL 11l FLIP-FLOPS

The MC3050 and MC3060 flip-flops are positive edge triggered
storage elements. That is, the inputs are enabled on the negative
edge of the clock and the information is stored in the flip-flop on
the positive edge of the clock. The MC3061 and MC3062 dual flip-
flops are negative edge triggered devices and therefore operate in
precisely the opposite manner. That is, data is stored on the nega-
tive edge of the clock.

In addition to the previously mentioned storage elements. The
MC3052 Master-Slave flip-flop is also available. Data is stored in
the Master flip-flop when the clock is low and transferred to the
Slave flip-flop when the clock goes high.

Detailed discussion of each of the MTTL 11l flip-flops is pro-
vided on the individual data sheets.

FIGURE 13 — LOGIC DIAGRAM OF MTTL.III
MASTER-SLAVE J-K FLIP-FLOP
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BREADBOARDING SUGGESTIONS -

When breadboarding with any form of high-speed, high-perform-
ance TTL circuit, the designer must always be aware of the problems
caused by very high switching speeds. These switching speeds, es-
pecially the frequencies associated with the very fast rise and fall
times of the circuits, are in the upper RF range and good high-
frequency layout techniques should be used. The following bread-
boarding suggestions will help the designer in his initial circuit lay-
out. In many cases the breadboarding suggestions will have to be
modified to meet the requirements of the designer’s specific appli-
cation.

Power and Ground Distribution

Special care should be taken to insure adequate distribution of
power and ground systems. The typical rates of change of current
and voltage for a single MTTL 111 gate are in the range of 107 A/s
and 108 V/s respectively. These figures reflect the necessity for a
low-impedance power supply and ground distribution system, if
transients are to be minimized and noise margins maintained. The
use of AWG No. 20 wire or larger is often required. For printed
circuitry, line widths of 100 mils or more are often necessary. A
ground plane is desirable when using a large number of units.

Bypassing

To reduce supply transients, the breadboard should be bypassed
at the point where power is supplied to the board and at intervals
throughout the board. The use of a single bypass capacitor at the
output terminal of the power supply is not adequate in a bread-
board utilizing the fast rise and fall time MTTL 11! circuits. A com-
paratively large, low-inductance type capacitor (in the 1.0 uF range)
is suggested at the point where power and ground enter the board.
In many cases it has been found that distributing 0.01 uF capaci-
tors for every five packages throughout a breadboard is adequate
to suppress normal switching transients. It is also suggested that a
bypass capacitor be placed in close proximity to any circuit driving
a large capacitive load.

Rating

MAXIMUM RATINGS

GENERAL INFORMATION
SECTION

Power Dissipation

The typical average dc power dissipation is given for each MTTL
111 device (3). It should be noted that the totem-pole output com-
mon to all high-level MTTL circuits has an associated ac power dis-
sipation factor.. This factor results from the timing overlap of the
upper and lower output transistors during the normal switching op-
eration and is typically 0.4 mW/MHz/output for a 15-pF load.
This ac power dissipation should be added when calculating the
total power requirements of the MTTL I} circuits.

Unused Inputs and Unused Gates

To minimize potential problems resulting from external noise,
the unused inputs of any MTTL 111 logic circuit should not be left
open, but should either be tied to the used inputs or returned to a
voltage between 2.0 and 5.5 Vdc. (For flip-flops, see appropriate
data sheet for additional detail.) If the unused inputs are returned
to a voltage, care should be exercised. to insure that the absolute
voltage between the most negative input level and that voltage
does not exceed +5.5 volts. The total number of inputs that can
be tied to the output of any driving gate is 25. (This is defined as
high-state output loading factor.) It should be noted that the low-
state output loading rules must still be maintained. The minimum
logical “'1" level for the high-state output loading is summarized
for Vec = 5.0V, Vi = 1.1V, and IgH = -2.0 mA: VoH =25
volts minimum @ 0°C.

To minimize power drain, the inputs of any unused gate in a
package should be maintained at the level that would place the
outputs in the high state (the low power dissipation state).

(3) Pp

DL + IPDH
T Wed

where Ipp| and lppy are the typical current drains at Vee =
+65.0V.

Value

Supply Voltage — Continuous

+7.0

Supply Operating Voltage Range

451t05.5

Input Voltage

+5.5

Output Voltage

+5.6

Operating Temperature Range

0to +75

Storage Temperature Range — Flat Package
Plastic Package

—65 to +175
—55 to +125




GENERAL INFORMATION
MTTL Il LINFOR

DEFINITIONS

PACKAGING

All MTTL I integrated circuits
are available in the TO-85 14
lead flat package and TO-116
dual in-line plastic package.
Suffix “F'’ to the basic type
number; to order plastic pack-
age, add Suffix “P*.
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SINGLE 8-INPUT “NAND” GATE

MTTL 111 MC3000 series

MC3015

This device is an 8-input NAND gate. It is useful

Vee when processing a large number of variables, such as
1‘4 in encoders and decoders.
>
24k 8003 603
1
2
- 3
10 8
11
10—4¢ ;lg
o >
i" 3.5k i 8
40~ o
100 - -
110 250 & 500 Positive Logic:
120 1 8=1020304¢10¢11°12¢13
13 ii Negative Logic:
8=1+2+3+4+10+11+12+13
3t z:T ]
l Input Loading Factor = 1
7 Output Loading Factor = 10
GND
Total Power Dissipation = 22 mW typ/pkg
Propagation Delay Time = 8.0 ns typ
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHX =
+2.5 Vdc
Coax* tr t
55+ 05ns 55+ 05ns
950 + 1.0% 3 950 + 1.0%
TPin
. TP
35V - out
I ™
ov n__ GNOD
5o _ ‘pd"o"--‘ __I tod 1
PRF = 1.0 MHztyp $ cr 1/4 MC3000
PW = 100 ns TPout
t=55+056ns _L sV
tf=5.5+05ns GND

*The coax delévs 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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

CT = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.
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ELECTRICAL CHARACTERISTICS

TEST CURRENT/VOLTAGE VALUES

Test procec!ures are shown for only one 3 @t mA Volts
input of this device. To complete testing, 3 est 0 " .
sequence through remaining inputs in the _1]? 8 Tamperature oLl IOL! OH in II) vll. VIH vF VR VRH Vmu VCC VCCI. VCCH VIHX
same manner. i3 oc[ 1o 23 | 2.0 - | - | 11]20]04] 25 4.0 - |50 45 | 55 -
+25°C| 19 23 | -2.0[10]-10| 11|18 04| 25 4.0 7.0 |50 ]| 45 5.5 2.5
+75°C| 19 23 | -2.0| - - Jo9|18loa]| 25 4.0 - 5.0 | 4.5 5.5 -
Pin MC3015 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
S
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min [ Max | Min [ Max | Unit lous | loiz | low | b | 1o | \0 | Vin | Ve l Ve [ Ven l Vonax Ivccl Veer l Veen | Viux Gnd
Input 2
,3, 4,10,
Forward Current Ipy 1 - 19| - -1.9| - | -L.9 | mAde - - - - - - - 1 - 11, 12, 13 - - 14 - - U
1 1 - -2.3| - | -2.3| - | -2.83|maAdec - - - - - - - 1 - 2,3,4,10, - - - 14 - i
F2 11,12,13
Leakage Current In 1 - 80 - 80 - 80 | wAde - - - - - - - - 1 - - - - 14 - 2,3,4,17,10,
11,12,13
Breakdown Voltage BV, 1 - - 5.5 - - - Vde - - - 1 - - - - - - - - - 14 - 2,3,4,7,10,
n . 11,12,13
Clamp Voltage vp 1 - - - -1.5 - - Vdc - - - - 1 - - - - - - - 14 - - 1
Output
Output Voltage Vo1 8 - 04| - | 04| - |04 ]| vde 8 - - - - - 1 - - 2,3,4,10 - - 14 - - 7
11,12, 13
v 8 - | 04| - 0.4 | - | 0.4 | vac - 8 - - - - 1 - - 2,3,4,10 - - - 14 - 7
oL2 11, 12,13
Von 8 2.5 - |25 - 2.5 - vde - - 8 - - 1 - - - 2,3,4,10, - - 14 - - 7
11,12, 13
Short-Circuit Iy 8 - - -30 | -100 | - - | made - - - - - - - - - - - 14 - - - 1,2,3,4,7,8,
Current 10, 11, 12,13
Power Requ:rgments 1,2,3,4,7,
(Total Device) 10,11, 12, 13
Maximum Power L oax 14 - - - 6.5 - - mAde - - - - - - - - - - 14 - - - - , 11, 12,
Supply Current
Power Supply Drain| IPDH 14 - 9.0 - 9.0 - 9.0 | mAdc - - - - - - - - - 1,2,3,4, - 14 - - - 1
10,11, 12, 13
1 14 - 4.3 | - 4, - 4. Ad - - - - - - - - - - - 14 - - - 1,2,3,4,7
PDL s 8 | made 16,11,12, 13
Switching Pulse | Pulse
Parameters In Out 2,3,4, 10,
Turn-On Delay g 1,8 - e EEC I - ns 1 8 S BT N R R A - - - 14 - - 12,18, 1
Turn-Off Dela; t 1,8 - - - 12 - - 1 8 - - - - - - - - - 14 - - 2,3,4, 10, 7
Y pd"1 ns 11, 12,13

(panunuod) GLOSIN



DUAL 4-INPUT “NAND" GATE

MTTL 11l MC3000 series

MC3010

1/2 OF CIRCUIT SHOWN

Vee
14
o
> >
2.4 ki: 800 i; 60 3
10— L
2 0— 35k$ 6
40 $
50
X 250
r ¥
%
3
7
GND

SWITCHING TIME TEST CIRCUIT

This device consists of two 4-input NAND gates.
These gates may be cross-coupled to form a set-reset
flip-flop.

WNOWW VAN=
o

;

-

Positive Logic: 6=1-2-4 -5
Negative Logic: 6=1+2+4+5

Input Loading Factor = 1
Output Loading Factor = 10

Total Power Dissipation = 44 mw typ/pkg
Propagation Delay Time = 6.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

ViHx =
+2.5 Vdc
Coax* Coax*
950 + 1.0% 3 3 950 + 1.0%
TP
3.5V TPin /out
Sohd J BN 1 »—
4 —
0 =
PRE=1.0MHztyp 5 ° Ty 1/4MC3000
PW = 100 ns
t=65+05ns _L

=551 0.5ns

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct 25 pF = total parasitic capacitance, which includes

probe, wiring, and load capacitances.

tr K
55+ 05ns 565+ 05ns

TPin
GND
a0 I erap——
TPout +1.5 Vv
GND
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ELECTRICAL CHARACTERISTICS TEST CURRENT/VOLTAGE VALUES
Test procedures are shown for only one 3 @Té mA Volts
gate. The other gates are tested in the same g@s est | ) | T v TvTv v v v v v v v
manner. Further, test procedures are shown 8 Temperature | 'our | 'orz | fon | fn | b w| Yim| Ve R RH max | Yec | VYeer | Veen IHX
for only one input of the gate under test. }:2‘%3"—3 0°C 19 23 2.0 - - 1.1 2004 2.5 4.0 _ 50 | 4.5 5.5 _
To complete testing, sequence through re- +25°C| 19 | 23 | -20|10|-10] 11 1s|04]| 25 4.0 7.0 | 50| 45 | 5.5 2.5
maining inputs. o
+75°C| 19 23 [ -20] - | - |o9|Ls|oa]| 25 4.0 - 5.0 | 4.5 5.5 -
Pin __MC3010 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min [ Max | Min | Max | Unit lou I loiz | low | ln | 1o I Vi l Vi | Ve l Vi l Veu ] Vinax I Ve l Veel l Veen l Vinx Gnd
Input
Forward Current Ipp 1 - -1.9] - -1.9 - -1.9 | mAdc - - - - - - - 1 - 2,4,5 - - 14 - - 7*
Iy 1 - | 23| - | -2.3| - | -2.3 | mAde| - - - - - - - - 2,4,5 - - - 14 - 7*
Leakage Current g 1 - 80 - 80 - 80 wAdc - - - - - - - - 1 - - - - 14 - 2,4,5,7%
Breakdown Voltage BV, 1 - - 5.5 - - - vde - - - 1 - - - - - - - - - 14 - 2,4,57*
Clamp Voltage Vp 1 - - - -1.5 - - Vde - - - - 1 - - - - - - - 14 - - 7
Output
Output Voltage VOLI 6 - 0.4 - 0.4 - 0.4 Vdc 6 - - - - - 1 - - 2,4,5 - - 14 - - 7%
VoL2 6 - loa| - |o4| - |04 ]| vd - 6 - - |- - 1| - - 2,4,5 - - - 14 - T
Vou 6 25| - |25 - [25] - Vde - - 6 - - 1 -] - - 2,4,5 - - 14 - - T*
Short-Circuit Iye 6 - - | -30 | -100 | - - | mAde| - - - - - - - - - - - 14 - - - 1,2,4,5,6,7"
Current
[Power Requirements
(Total Device)
Maximum Power I ax 14 - - - 12.5 - - mAdc - - - - - - - - - - 14 - - - - 1,2,4,5,7,
Supply Current m 9,10, 12,13
Power Supply Drain IPDH 14 - 18 - 18 - 18 | mAde - - - - - - - - - 1,2,4,5, - 14 - - - 7
9,10, 12,13
1 14 - 9.0 - 9.0 - . Ad - - - - - - - - - - - 14 - - - 1,2,4,5,7,
PDL 9.0 | mAdc 9,10,12,13
Switching Pulse | Pulse
Parameters | _In_| Out
Turn-On Delay todro 1,6 - - - 10 - - ns 1 6 - - - - - - - - - 14 - - 2,4,5 ™
Turn-Off Delay tpd"l" 1,6 - - - 10 - - ns 1 6 - - - - - - - - - 14 - - 2,4,5 7%

*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test,

(penunuod) OLOEDN



EXPANDABLE DUAL 2-WIDE
2-INPUT “AND-OR-INVERT” GATE

MTTL 111 MC3000 series

MC3020

1/2 OF CIRCUIT SHOWN +t

Vee
12 14 10 9
> o °
243 $ 603
4xg 8003 24k 3

’\_&
]F ﬁ&??

1TOther half of circuit omits expander inputs.

4
o
o
il
L]
A

SWITCHING TIME TEST CIRCUIT

One side of this dual device consists of two 2-input AND
gates ORed together and driving an output inverter. The other
side consists of two 2-input gates ORed together, driving an
output inverter, and the ORing nodes are available for ex-
pansion. Up to four AND gates can be ORed together using
the MC3030 expander. Care should be taken to minimize the
amount of capacitance on the expander terminals in order
to maintain switching speeds.

9
10
13
1
Emitter 11
Coli 12
2
3
a
5
Positive Logic:
8=(9-10) + (13- 1) + (Expanders)

Negative Logic:
8=(9+ 10) - (13 + 1) - (Expanders)

Input Loading Factor = 1
Output Loading Factor = 10

Total Power Dissipation = 62.5 mW typ/pkg
Propagation Delay Time = 6.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

Coax"* Coax*

<

950 + 1.0% p:

3.5 Vl | TPin
ov —~

950 + 1.0%

TPout

— r—

cr 1/4 MC3000

PRF = 1.0 MHz typ 3
PW =100 ns
t,=65+06ns _L
t¢=55+05ns

Expander pins should be left open
when measuring switching times.

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

tr i
55+ 05ns 55+ 05ns

TPin

GND

toaro” ] |

TPout

tod 1

+1.5V

GND
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ELECTRICAL CHARACTERISTICS

TEST CURRENT/VOLTAGE VALUES

Test procedures are shown for only one mA Volts
gate. The other gate is tested in the same @Test \ 1 1 . v v v
manner. Further, test procedures are shown Temperature | lov» oL 2 on | ln | b I lexe | Vo | Vin Ve Ve Van Voax Vee ccL CCH 1HX
flf" only IO"e input of the gate iﬂdef ‘:951‘ 0°C| 19 23 | 20| -] -] 03 [os0[11]20][04] 25 4.0 - |50 45 | 55 -
o complete testing, sequence through re- o
At 19 -2.0 1.0 - X . . . . . . g . . .5 2.5
maining inputs. +25°c 23 1.0|-10| 03 | 055 1.1]1.8]0.4 2.5 4.0 7.0 |50 | 4.5 5
+75°C 19 23 | -2.0| - - 0.3 | 070 ] 09]1.8]0.4 2.5 4.0 - 50 | 4.5 5.5 -
Pin __ MC3020 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0C +25°C +75°C
Characteristic Symbol | Test | Min [ Max | Min | Max | Min | Max | Unit lov 1 | lor2 l lod L ‘ lo l le l lexe I Vi l Vi I Ve l Ve \ Veu l Vinax I Ve ‘ Vel l Veew ] Vinx Gnd
Input
Forward Current IF 1 1 - -1.9 - -1.9 - -1.9 | mAdc - - - - - - - - - 1 - 13 - - 14 - - 7,9,10%
Igy 1 - | -2.3| - | -23] - | -2.3 |mAde - - - -] - - - - Y - 13 - - - 14 - 7,9,10%
Leakage Current Ig 1 - 80 - 80 - 80 | pAde - - - - - - - - - - 1 - - - - 14 - 7,9,10,13*
Breakdown Voltage BVin 1 -~ - 5.5 - - - vdc - - - 1 - - - - - - - - - - - 14 - 7,9,10,13%
Clamp Voltage VD 1 - - - -1.5 - - vde - - - - 1 - - - - - - - - - 14 - - 7,9,10*
Output VoL1 8 - 0.4 - 0.4 - | 0.4 | Vdc 8 - - - - - - - 1 - - 13 - - 14 - - 7,9,10*%
Output Voltage VoLt 8 - | oa| - |o0a| - | 04| vd 8 - - - - - 112 - - - - - - - 14 - - 1,7,9,10,13
v,
you2 8 - o4l - |oa| - | 04| vdc - 8 - -] - N ETRTE -] - - - - - - 14 - [1,7,8,10,18%
OL 2 8 - 0.4 - 0.4 - 0.4 | Vdc - 8 - - - - - - 1 - - 13 - - - 14 - 7,9,10%
VOH 8 2.5 2.5 - 2.5 Vdc - - 8 - - - - 1 - - - 13 - - 14 - - 1,7,10*
Short-Circuit Isc 8 - - -30 | -100 | - - Vde - - - - - R B N B - - - - 14 - - - 1,7,8,9,
Current 10, 13 *
Base- Emitter V. - - - . - - 1,9, 10
Voltage BE max 1 1,010 0.975| - |0.935| Vdc 8 - - - - | 2| - R - - f 14 510
Y i 1 0,70 | - 6 - 0.55| - Vdc - - - - - - - - N - - N . 14 - - 1,9,10,
BE min . 0.65 . 11 12,13 *
[Power Requirements
(Total Device)
Maximum Power Imax 14 - - - 24 - - mAdc - - - - - - - - - - - - 14 - - - - 1,2,3,4,5,7,
Supply Current 9,10, 1.
Power Supply Drain IPDH 14 - 22 - 22 - 22 | mAdc - - - - - - - - - - - 1,2,3,4,5, - 14 - - - 7
9,10, 13
1 14 - 14 - 14 - 14 | mAdc - - - - - - - - - - - - - 14 - - - 1,2,3,4,5,7,
PDL 9,10,1
Switching Pulse | Pulse
Parameters In Out
Turn-On Delay todvon 1,8 - - - 12 - - ns 1 8 - - - - R - - - - - - 14 - - 13 7,9,10*
Turn-Off Delay Lo 1,8 - - - 12 - - ns 1 8 - - - - - - - - - - - 14 - - 13 7,9,10*

*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test,

(panunuod) OZOSON



TRIPLE 3INPUT “NAND” GATE MTTL 111 MC3000 series

MC3005

This package consists of three 3-input NAND gates.
1/3 OF CIRCUIT SHOWN Each gate may be used as an inverter, or two gates
may be cross-coupled to form bistable circuits.

12

-

=00 VLW WN=
o

“: 8
12
Positive Logic: 12=1-2 -13
Negative Logic: 12=1+2+ 13
Input Loading Factor =1
Output Loading Factor = 10
Total Power Dissipation = 66 mW typ /pkg
Propagation Delay Time = 6.0 ns typ
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHx =
+2.5 Vdc
Coax* Coax*
t f
55+ 0.5ns 55+ 05ns
950 + 1.0% 3 * 950 + 1.0%
TP;
3.5V TPin\__'E'_Ifom
ov] L T o >
GND
L tog- 0
50 = pd“‘0 ——-l —-l tpd 1
PRF = 1.0 MHz typ cr 1/4 MC3000 pd”1
PW =100 ns
t,=65%05ns L TPout +1.5 V
=55+ 05ns
GND
*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.
Ct = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.
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ELECTRICAL CHARACTERISTICS

TEST CURRENT/VOLTAGE VALUES

Test procedures are shown for only one 5:>:’_‘2 @Test mA Volts
gate. The other gates are tested in the same \ \ | I ] v v V. v v v v v v v
manner. Further, test procedures are shown 5:)"—'5 Temperature oLl oL2 OH | 'in o “ H F R RH max cc ccL CCH HX
for only one input of the gate under test. 0°C 19 23 -2.0| - - 1.1 | 2.0]0.4 2.5 4.0 - 5.0 4.5 5.5 -
2 8
To complete testing, sequence through re- E(D"" +25°C 19 23 | -2,001.0f-10] 1.1 1.8 ]0.4 2.5 4.0 7.0 | 50| 45 5.5 2.5
maining inputs. . +75°C| 19 23 |20 - [ -Jos[1s]oa]| 25 4.0 - |50 a5 | s -
Pin _ NKC3005 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min [ Max | Min | Max | Unit | loun , lowz | lou | lin I lo l Vi l Vin | Ve ] Vi l Ven | Vinax l Ve l Vear l Veen I Vinx Gnd
Input
Forward Current Ipp 1 - -19| - -1.9 - -1.9 | mAdc - - - - - - - 1 - 2,13 - - 14 - - 7*
N N N N N N N N " *
Ipgy 1 - | -23| - | -2.3| - | -2.3 | mAde - - - 1 2,13 14 7
Leakage Current lR 1 - 80 - 80 - 80 nAdc - - - - - - - - 1 - - - - 14 - 2,7,13%
Breakdown Voltage BVin 1 - - 5.5 - - - Vde - - - 1 - - - - - - - - - 14 - 2,7,13*
Clamp Voltage VD 1 - - - -1.5 - - Vdc - - - - 1 - - - - - - - 14 - - *
Output
Output Voltage VoL1 12 - o4 - 04| - |04 | va 12 - - - - - 1| - - 2,13 - - 14 - - 7%
VoLz 12 - 04| - 0.4 | - | 0.4 | vde - 12 - - - - 1 - - 2,13 - - - 14 - T*
Vou 12 25| - 25| - |25 - vde - - 12 | - - 1 - - - 2,13 - - 14 - - [
Short-Circuit Isc 12 - - -30 | -100 | - - | mAde - - - - - - - - - - - 14 - - - 1,2,7,*
Current 12,13
Fower Requirements
(Total Device)
Maximum Power Lnax 14 - - - 20 - - mAdc - - - - - - - - - - 14 - - - - 1,2,3,4,5,7,
Supply Current 9,10,11,13
Power Supply Drain| — 14 - 27 - 27 - 27 | mAdc - - - - - - - - - 1,2,3,4,5, - 14 - - - 7
9,10,11, 13
1 14 - (125 | - 12,5 - |12.5 Ade - - - - - - - - - - - 14 - - - 1,2,3,4,5,7,
b " 9,10,11,13
Switching Pulse | Pulse
Parameters In_| Out
Turn-On Delay t 1,12 - - - 10 - - ns 1 12 - - - - - - - - - 14 - - 2,13 7*
pd"0
Turn-Off Delay toarp 1,12 - - - 10 - - ns 1 12 - - - - - - - - - 14 - - 2,13 T*

*Since this is an inverting gate,

power drain is minimized by grounding the inputs to gates not under test.

(penunuod) GOOEIN



QUAD 2-INPUT “AND” GATE

MTTL I MC3000 series

MC3001

1/4 OF CIRCUIT SHOWN

24k S
b3

A
-MA-

SWITCHING TIME TEST CIRCUIT

This device consists of four 2-input AND gates.
This non-inverting function is useful for optimizing
logic design, or for direct implementation of standard
logic equations.

Positive Logic: 3=1.2
Negative Logic: 3=1+ 2

Iinput Loading Factor = 1
Output Loading Factor = 10

Total Power Dissipation = 112 mW typ/pkg
Propagation Delay Time = 9.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

ViHX =
+2.5 Vdc

Coax* Coax*

950 + 1.0% $ 950 + 1.0%

TP
3.5V TPin @ |~ out
Bvid [ BN 1 »—

50 A

PRF = 1.0 MHz typ
PW = 100 ns
t,=55%05ns
t¢=5.5% 0.5ns

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

(e 1/4MC3000
T

TPin

GND
tpd* 1" M| Tpd g

TPout
+1.5V

GND

4-110
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ELECTRICAL CHARACTERISTICS '~ )~ TEST CURRENT/VOLTAGE VALUES
Test procedures are shown for only one 4 mA Valts
A 6 @Test
gate. The other gates are tested in the same 5 i I | ] | v v v v v v v v v v
manner. Further, test procedures are shown o Temperature | 'ou1 | ‘oz | 'on | fin | o w Y| Ve R RH max | Yec | Yeer | Veen IHX
for only one input of the gate under test. w:D—B 0°c| 19 238 | -2.0) - | - [1r1]20]04] 25 4.0 - 50 | 4.5 5.5 -
;Zif“i’:g“?':szttses““g' sequence through re- ’2:D_,, +25°c| 19 | 23 | -20|10|-10] 11| 1804 25 4.0 7.0 | 5.0 | 45 | 55 2.5
) 1 +75°C{ 19 | 23 [ 20 - | - los]1s]os] 25 4.0 - |so0| a5 | 55 -
Pin __MC3001 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Und 0°C +25°C +75°C
nder
Characteristic Symbol | Test | Min | Max | Min | Max | Min [ Max | Unit lour | lorz | low |l | To | Vi | Viu | Ve A Ven Vo | Voo | Veer | Veen | Vimx Gnd
Input
Forward Current Ipy 1 - -9 - -L9| - -1.9 | mAde - - - - - - - 1 - 2% - - 14 - - 7
gy 1 - -2.3| - -2.3| - -2.3 | mAde - - - - - - - 1 - 2% ) - - - 14 - 7
Leakage Current In 1 - 80 - 80 - 80 | pAde - - - - - - - - 1 * - - - 14 - 2,7
Breakdown Voltage Bvin 1 - - 5.5 - - - Vdc - - - 1 - - - - - * - - - 14 - 2,7
Clamp Voltage Vp 1 - - - -1.5 - - vde - - - - 1 - - - - * - - 14 - - 1
Output
Output Voltage Vor1 3 - 0.4 - 0.4 - 0.4 | vdc 3 - - - - 1 - - - 2* - - 14 - - 7
VoLz 3 - 0.4 - 0.4 - 0.4 | vdc - 3 - - - 1 - - - 2* - - - 14 - 7
Vou 3 25 | - 25| - [25]| - vde - - 3 -] - - 1| - - 2% - - 14 - - 7
Short-Circuit XSC 3 - - -30 | -100 - - mAdc - - - - - - - - - 1,2* - 14 - - - 3,7
Current :
[Power Requirements
(Total Device)
Maximum Power L nax 14 - - - 34 - - mAdc - - - - - B - - - 1,2,4,5,9, 14 - - - - 7
Supply Current ) 10,12,13
Power Supply Drain| IPDH 14 - 24 - 24 - 24 mAdc - - - - - - - - - 1,2,4,5,9, - 14 - - - 1
. 10,12,13
1 14 - - 48 - 48 Ad - - - - - - - - - - - 14 - - - 1,2,4,5,7
PDL “® mace 9,16,12,13
Switching Pulse | Pulse
Parameters In Out
Turn-On Delay toargr L3 - - - 12 - - ns 1 3 - - - - - - - * - 14 - - 2 7
Turn-Off Delay tpd"l" 1,3 - - - 12 - - ns 1 3 - - - - - - - * - 14 - - 2 1

*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates

not under test to VRH .




QUAD 2-INPUT “NAND” GATE

MTTL 11 MC3000 series

MC3000

1/4 OF CIRCUIT SHOWN

Vce
14
> >
24k 800 § 60 3
3 b
3.5k 1E 3
1 <
2
250

~ 0—4

GND

SWITCHING TIME TEST CIRCUIT

This device consists of four 2-input NAND gates.
Each gate may be used as an inverter, or two gates
may be cross-coupled to form bistable circuits.

1
2 3
4
6
5
9
10 8
12
1
13
Positive Logic: 3=1-2
Negative Logic: 3=1+2

Input Loading Factor = 1
Output Loading Factor = 10

Total Power Dissipation = 88 mW typ/pkg

Propagation Delay Time = 6.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

Coax*

950+ 1.0% $ 950 + 1.0%

ov o———4
PRE = 1.0 MHz typ 3 0 Ter
PW = 100 ns
t,=55+05ns L
t=5.5+ 0.6 ns

TPout
o

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

— »—

1/4 MC3000

tr i
55+ 05ns 55+05ns

TP;

GND

Pap— .

todrq e

TPout 1.5V

GND

4-112
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1
ELECTRICAL CHARACTERISTICS || J—s ST CURRENT / VOLTAGE VALUES
Test procedures are shown for only one 4—_—DD_6 @Test mA Volts
gate. The other gates are tested in the same - s . | | ) v T m v v v v v v v
manner. Further, test procedures are shown 9:D_ Tempera'ura oLl oL2 OH in D It H F [ RH max cc ccL CCH IHX
8
for only one input of the gate under test. 10 0c| 19 23 | -20| - | - [11]z20 04 25 4.0 - 50 | 4.5 5.5 -
To complete testing, sequence through re- 12:E>o—n +25°c | 19 23 | 2010 -10| 11| 1.8 0.4 25 4.0 7.0 | 50| 45 | 55 2.5
maining inputs. 13 o
+75°C 19 23 | -2.0] - - o9 1.8]0.4 2.5 4.0 - 5.0 | 4.5 5.5 -
Pin MC3000 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW :
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min [ Max | Unit | loun | loa | low I b | 1o I \ ! 0 I Ve I Ve [ Vau I Vimax l Vee I Vear | Veen I Vinx Gnd
Input
Forward Current Ipg 1 - -1.9 - -1.9 -1.9 | mAdc - - - - - - - 1 - 2 - - 14 - - *
le 1 - -2.3 - -2.3 ~2.3 | mAde - - - - - - - 1 - 2 - - - 14 - T
Leakage Current g 1 - 80 - 80 80 | uAde - - - - - - - - 1 - - - - 14 - 2,7
Breakdown Voltage BV, 1 - - 5.5 - - vdc - - - 1 - - - - - - - - - 14 - 2,7*
Clamp Voltage VD 1 - - - -1.5 - Vvdc - - - - 1 - - - - - - - 14 - - 7*
Output .
Output Voltage VOL 1 3 - 0.4 - 0.4 0.4 Vde 3 - - - - - 1 - - 2 - - 14 - - T*
N ¥
Vorz 3 - 0.4 | - | 0.4 0.4 | vde - 3 - - - - 1 - - 2 - - - 14 7
Vou 3 2.5 - |2 - 2.5 | - Vde - - 3 - - 1 - - - 2 - - 14 - - T*
Short-Circuit Isc 3 - - | -30 | -100 - | made - - - - - - - - - - - 14 - - - 1,2,3,7*%
Current
ks
Power Requirements
(Total Device)
ximum Power Imax 14 - - - 25 - mAdc - - - - - - - - - - 14 - - - - 1,2,4,517,
Supply Current 9,10,12,13
Power Supply Drainf I, 14 - 36 - 36 36 | mAdc - N - - - - - - - 1,2,4,5, - 14 - - - 1
9,10,12,13
1 14 - 17.5 - 17.5 17. Ad - - - - - - - - - - - 14 - - - 1,2,4,5,7,
PDL 5 | mAde 9,10, 12,13
Switching Pulse | Pulse
Parameters In Out
Turn-On Delay !pd..on 1,3 - - - 10 - ns 1 3 - - - - - - - - - 14 - - 2 T*
Turn-Off Delay tpd"l” 1,3 - - - 10 - ns 1 3 - - - - - - - - - 14 - - 2 7%

*Since this is an inverting gate,

power drain is minimized by grounding the inputs to gates not under test.

(panuuoo) 0OOEII



QUAD 2-INPUT “NOR” GATE

MTTL 11l MC3000 series

MC3002

1/4 OF CIRCUIT SHOWN

Vece
14

2.4k 24k$ 800 :E 603
>§¢ 3

109
250 $500
2 $35k
A% 1’ -
y 3 1;

SWITCHING TIME TEST CIRCUIT

This device consists of four 2-input NOR gates.
Each gate may be used as an inverter, or two gates
may be cross-coupled to form bistable circuits.

] >
3
2
4
6
5
9
8
10
12
1
13
Positive Logic: 3=1+2

Negative Logic: 3 =12

Input Loading Factor = 1
Output Loading Factor = 10

Total Power Dissipation = 122 mW typ/pkg
Propagation Delay Time = 6.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

Coax* Coax*

950 + 1.0% & > 950 + 1.0%

3.5V I | TPin -
ov
50 -~

PRF = 1.0 MHz typ Ct

PW =100 ns

t, =55+05ns L
t¢=5.5+0.5ns

TPout
-~

1/4 MC3000

*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 constitute a 20:1 attenuator probe. Coax shall

be CT-070-50 or equivalent.

CT = 25 pF = total parasitic capacitance, which includes

probe, wiring, and load capacitances.

T i
55+05ns 55+ 05ns

TPin

ND
toao | I

TPout

+1.5V

GND

4-114
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1
ELECTRICAL CHARACTERISTICS QIDD_G TEST CURRENT/VOLTAGE VALUES
Test procedures are shown for only one 4 mA Volts
. 6 @Test
gate. The other gates are tested in the same 5 ] ] ] ] | v v v v v v v v v
manner. Further, test procedures are shown s Temperature | our oiz | lon | in | o w| Vm F R RH mex | Vec cct CcH
flf“ only :Jne input of the gate Uhnde' :‘GSL “1_:‘[>°_a o°c| 19 23 | -2.0] - | - [ 112004 25 4.0 - [sof as | ss
© complete testing, sequence through re- 12 o
maining inputs. s 1 +25°C 19 23 | -2.0[10]|-10] 11| 18]014 2.5 4.0 7.0 |50 | 4.5 5.5
+75°C 19 23 | -2.0[ - - | o9 | 1804 2.5 4.0 - 5.0 | 4.5 5.5
Pin MC3002 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0 +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lou l loia l low | tn | To l Vi ! Vin | Ve | \ I Veu | Vinax J Vec l Vee l Veew | 6nd
Input .
Forward Current IF 1 1 - -1.9 - -1.9 - ~-1.9 | mAdc - - - - - - - 1 - 2 - - 14 - 17
Ipg 1 - -2.3 - -2.3 - -2.3 [ mAde - - - - - - - 1 - 2 - - - 14 ™
Leakage Current Ip 1 - 80 - 80 - 80 | uAde - - - - - - - - 1 - - - - 14 2,7*
Breakdown Voltage BV, 1 - - 5.5 - - - vdce - - - 1 - - - - - - - - - 14 2,7*
Clamp Voltage vp 1 - - - -1.5 - - vde - - - - 1 - - - - - - - 14 - *
Output 2,7*
Output Voltage VOL 1 3 - 0.4 - 0.4 - 0.4 Vde 3 - - - - - 1 - - - - - 14 - J
. - - - - - - - - - - *
o 3 - 0.4 [ - 0.4 - | 0.4 | vdc - 3 1 14 2,7
Vou 3 2.5 | - |25 - 2.5 | - vdc - - 3 - - 1 - - - - - - 14 - 2,7%
Short-Circuit Isc 3 - - -30 | -100 - - mAdc - - - - - - - - - - - 14 - - 1,2,3,7*
ffCux‘rent
Power Requirements
(Total Device)
Maximum Power Imax 14 - - - 38 - - mAdc - - - - - - - - - - 14 - - - ;- %64'12' Za
Supply Current [ i
Power Supply Drain 1 14 - 43 - 43 - 43 | mAdc - - - - - - - - - 1,2,4,5, - 14 - - 1
¥ PDH 9,10, 12,13
- - 27 - 7 . - - - - - - - - - - - 14 - - 1,2,4,5,7
IppL 14 27 2 mAdc 9: 16, ’12: 13
Switching Pulse | Pulse
Parameters In Out )
Turn-On Delay tpd"o" 1,3 - - - 10 - - ns 1 3 - - - - - - - - - 14 - - 2,7
Turn-Off Delay tpd"l" 1,3 - - - 10 - - ns 1 3 - - - - - - - - - 14 - - 2,7*

*Since this is an inverting gate,

power drain is minimized by grounding the inputs to gates not under test,

(panuiluod) Z0OSIN



QUAD 2-INPUT “OR” GATE

MTTL 111 MC3000 series

MC3003

1/4 OF CIRCUIT SHOWN

Vce
14

>
24k 2.4k 24k
3

2]
zZ~N
o

SWITCHING TIME TEST CIRCUIT

This device consists of four 2-input OR gates. This
non-inverting function is useful for optimizing logic
design, or for direct implementation of standard logic
equations.

Positive Logic: 3=1 + 2
Negative Logic: 3=1-2

Input Loading Factor = 1
Output Loading Factor = 10

Total Power Dissipation = 150 mW typ/pkg
Propagation Delay Time = 9.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

Coax*

950+ 1.0% 3 > 950 + 1.0%

TP
3.5V T - out
i I EERIN T >
3 80 Te._ 1/aMc3000
PRF = 1.0 MHz typ 3 cr

PW =100 ns
t,=55+05ns L
=55+ 0.5ns

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

tr ¥
55+ 05ns 55+ 05ns

TP,

GND

a1 B E——

TPout
+1.5V

GND

4-116
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1
ELECTRICAL CHARACTERISTICS 2:D—3 TEST CURRENT/VOLTAGE VALUES
Test procedures are shown for only one 4 s mA Volts
i 5 @Test
gate. The other gates are tested in the same ] | ] ] ) v v v v v v v v v v
manner. Further, test procedures are shown s:D___ Temperature oL oL2 oH | 'in D n H F [ RH max cc ccL CCH HX
St 8
for only one input of the gate under test. 10 0°C 19 23 2.0 - - 1.1 ] 2.0 | 0.4 2.5 4.0 - 5.0 4.5 5.5 N
i - 12
To complete testing, sequence through re :D—n +25°¢ [ 19 23 | -20|1.0[-10] 1.1] 1.8 ]0.4]| 25 4.0 7.0 | 50| 45 | 55 2.5
maining inputs. 13 o
+75°C 19 23 -2.0| - - | 09]1.8]0.4 2.5 4.0 - 5.0 | 4.5 5.5 -
Pin MC3008 Test Limiis TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic | Symbol | Test | Min | Max | Min | Max | Min [ Max | Unit [ 'ous | loiz | lou | ln | 1o T Vi | Vi l Ve | Vi ‘ Van [ Vinax Vccl Ve I Veen I Vinx Gnd
Input
Forward Current lFl 1 - -1.9 - -1.9 - -1.9 | mAdc - - - - - - - 1 - 2* - - 14 - - 7
Ipy 1 - | 28] - [ 23] - [ -23|made| - R - N S T B Y - 2% - - - 14 - 1
Leakage Current IR 1 - 80 - 80 - 80 1Ade - - - - - - - - 1 * - - - 14 - 2,7
Breakdown Voltage BV, 1 - - 5.5 - - - Vde - - - 1 - - - - - * - - - 14 - 2,7
Clamp Voltage vp 1 - - - L5 - - vde - - - - 1 - - - - * - - 14 - - 7
Output
Output Voltage VOL 1 3 - 0.4 - 0.4 - 0.4 vde 3 - - - - 1 - - - 2% - - 14 - - 7
- - - - - - - - - - B - - 14 - 7
VoL2 3 0.4 0.4 0.4 | vde 3 1 2%
Von 3 25 - |25 | - |25 - vde - - 3 - - - 1 - - 2% - - 14 - - 7
Short-Circuit ISC 3 - - -30 -100 - - mAdc - - - - - - - - - 1,2* - 14 - - - 3,7
Current
Power Requirements
(Total Device)
Maximum Power Imax 14 - - - 45 - - mAdc - - - - - - - - - 1,2,4,5,9, 14 - - - - 7
Supply Current 10,12,13
Po Supply Drain| I 14 - - - 32 mAdc - - - - - - - - - 1,2,4,5,9, - 14 - - - 1
wer Supply i PDH 32 32 10,12,13
- - R - R - R - - R R - - - 14 B - - 1,2,4,5,7,
IppL 14 55 55 55 | mAdc ) oAy
Switching Pulse | Pulse
Parameters In__| Out
Turn-On Delay togion 1,3 - - - 12 - - ns 1 3 - - - - - - - . - 14 - - 2 7
pd"0
Turn-Off Delay tpdnl.. 1,3 - - - 12 - - ns 1 3 - - - - - - - . - 14 - - 2 7

*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates
not under test to VRH




DUAL 4-INPUT “AND”
POWER GATE

MTTL 11 MC3000 series

MC3026

1/2 OF CIRCUIT SHOWN

This device consists of two 4-input AND power
gates. Each gate is designed for driving high fan-out
loads (20). :

WNOO® VAN=
©

—_————

Positive Logic: 6=12¢4¢5
Negative Logic: 6=1+2+4+5

Input Loading Factor = 1.1
OQOutput Loading Factor = 20

Total Power Dissipation = 90 mW typ/pkg
Propagation Delay Time = 9.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

Vee
14
22k $3k %E 450 354
1o—J
20— 6
4 Ot
5
Y
Y 3
F
3
SWITCHING TIME TEST CIRCUIT
ViHX =
+2.5 Vdc
Coax* Coax”
950 + 1.0% 950 + 1.0%
TPout

o I RAEN B —— 525 S o
ov —> = »—

3 50 =
PRF = 1.0 MHz typ cr
PW =100 ns

t,=565+05ns L

t=552%0.5ns

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

CT = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

1/4 MC3000

T L
55+ 05ns 55+05ns

TPin

e ]

TPout

tpd 0"

+1.5V

GND

4-118
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ELECTRICAL CHARACTERISTICS

TEST CURRENT/VOLTAGE VALUES

Test procedures are shown for only one 1 mA Volts
; p 2 6 @Test
gate. The other gate is tested in the same 2 I I | ] ] v v v v v v v v v V.
manner. Further, test procedures are shown ~ ~ Temperature | lour otz | low | lin | o | Vi F R RH max | Yec | Veer CcH 1HX
for only one input of the gate under test. }gg:)__s 0°C 38 46 | -4.0| - - | 11]20]0.4 2.5 4.0 - 5.0 | 4.5 5.5 -
To complete testing, sequence through re- 13 +25°c | 38 46 | -40|10|-10] 11| 1.8]0a| 25 4.0 7.0 | 50| 45 | 55 2.5
maining inputs. o
+75°C| 38 46 | -4.0] - - |o09]1.8]o0.4 2.5 4.0 - 5.0 | 4.5 5.5 -
Pin MC3026 Test Limits : TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW
Under 0°C +25°C +75°C
Characteristic Symbol | Test [ Min [ Max | Min [ Max | Min | Max | Unit lous I lowz l low | ln | o l \0 I Viu | Ve l A I Van | Voux | Vee l Vel | Veen | Vinx Gnd
Input
Forward Current IF 1 1 - -2.1 - -2.1 -2.1 | mAdc - - - - - - - 1 - 2,4,5% - - 14 - - 1
Ipy 1 - -2.6| - -2.6 -2.6 | mAde - - - - - - - 1 - 2,4,5* - - - 14 - 7
Leakage Current g 1 - 80 - 80 80 | pAde - - - - - - - - 1 * - - - 14 - 2,4,5,7
Breakdown Voltage Bvin 1 - - 5.5 - - Vdc - - - 1 - - - - - * - - - 14 - 2,4,5,7
Clamp Voltage VD 1 - - - ~1.5 - vde - - - - iy - - - - * - - 14 - - ki
Output
Output Voltage VOL 1 6 - 0.4 - 0.4 0.4 Vde 6 - - - - 1 - - - 2,4,6 % - - 14 - - 7
VoL2 6 - 0.4 - 0.4 0.4 | vdc - 6 - - - 1 - - - 2,4,5% - - - 14 - 7
Vou 6 25| - [28] - |25 - vde - - 6 - - - 1 - - 2,4,5*% - - 14 - - 7
Short-Circuit 1 6 - - -50 | -125 - mAde - - - - - - - - - 1,2,4,5* - 14 - - - 6,7
p sC
urrent
[Power Requirements
(Total Device)
Maximum Power lmax 14 - - - 22 - mAde - - - - - - - - - 1,2,4,5, 14 - - - - 7
Supply Current 9,10,12,13
Power Supply Drain| 1 14 - 14 - 14 14 | mAde - - - - - - - - - 1,2,4,5 - 14 - - - [
PDH 9,10,12,13
1 14 - 38 | - 38 38 | mAds - - - - - - - - - - - 14 - - - 1,2,4,5,17
PDL ¢ 9,10,12,13"
Switching Pulse | Pulse
Parameters | _In_| Out |
Turn-On Delay tpd"O" 1,6 - - - 15 - ns 1 6 - - - - - - - * - 14 - - 2,4,5 7
Turn-Off Delay tpd"l" 1,6 - - - 15 - ns 1 6 - - - - - - - * - 14 - - 2,4,5 7

*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates

not under test to VRH'

(penunuod) 9ZzOEIN



DUAL 4-INPUT “NAND”
POWER GATE

MTTL 111 MC3000 series

MC3025

1/2 OF CIRCUIT SHOWN

Vce
14
[
> >
2.2k g g4s0 354
1 o-—q[
20—} 3k$ 6
40 E:
50
= 130
Y ¥
Y
f

~N O—4¢

GND

SWITCHING TIME TEST CIRCUIT

This device consists of two 4-input NAND power
gate circuits. Each gate is designed for driving high
fan-out loads (20).

= —
= >—

Positive Logic: 6 =1e2¢ 4 e 5
Negative Logic: 6=1+2+4+5

LINY)

RGN
WNO©

Input Loading Factor = 1.1
OQOutput Loading Factor = 20

Total Power Dissipation = 70 mW typ/pkg
Propagation Delay Time = 6.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

ov

ViHx =
+2.5 Vdc

Coax* Coax"

950+ 1.0% $ 950 + 1.0%

TP
out
35V i : s
! ~
o—

o
(=]
A}

PRF = 1.0 MHz typ
PW =100 ns
t,=565+06ns _L
t¢=55+0.5ns

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct = 25 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

—{ >

[ct 1/4Mc3000

tr i
55+ 05ns 55+ 05ns

TPin

GND
tn::"o"—-l al tod 1

TPout
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ELECTRICAL CHARACTERISTICS

TEST CURRENT/VOLTAGE VALUES

1
Test procedures are shown for only one 2 6 mA Volts
; ] 4 @Test
gate. The other gate is tested in the same 5 | ] \ ] | v v v, v vV v v v v v
manner. Further, test procedures are shown 2 Temperature | o oL2 on | in | o 8 H F R RH max | Ve cet ccH HX
for only one input of the gate under test. g%:)"_a 0°C 38 46 -4.0 | - - 1.1 ] 2.0]0.4 2.5 4.0 - 5.0 4.5 5.5 -
To complete testing, sequence through re- +95°c| 38 | 46 |-40|10[-10] 11| 18f0a| 25 4.0 7.0 | 50| 4.5 | 55 2.5
maining inputs. o
+75°C| 38 46 |-40| - | - |o9|18]|04af 25 4.0 - 50 | 4.5 5.5 -
Pin MC3025 Test Limits i TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min [ Max | Min [ Max | Min [ Max | Unit lou1 l loi2 rlou I b | 1o | Vi l Vi | Ve | Vi [ Van | Vinax [ Vec | Vee l Veen l Vin Gnd
Input .
Forward Current IFl 1 - -2.1 - -2.1 -2.1 | mAdc - - - - - - - 1 - 2,4,5 - - 14 - - 7
Ty 1 - | -26| - |-2.8 -2.6 | mAde | - - - - |- - E - 2,4,5 - - - 14 - T
Leakage Current I 1 - 80 - 80 80 | pAde - - - - - - - - 1 - - - - 14 - 2,4,5,7*
Breakdown Voltage BV, 1 - - 5.5 - - Vde - - - 1 - - - - - - - - - 14 - 2,4,57*
Clamp Voltage Vp 1 - - - -1.5 - vde - - - - 1 - - - - - - - 14 - - T*
Output
Output Voltage Vv, 6 - 0.4 - 0.4 0.4 Vde 6 - - - - - 1 - - 2,4,5 - - 14 - - 7*
oL1 4,
VoL 6 - 0.4 | - 0.4 0.4 | Vde - 6 - - - - 1 - - 2,4,5 - - - 14 - 7*
Vou 6 2.5 - 2.5 - - Vdc - - 6 - - 1 - - - 2,4,5 - 14 - - 7
Short-Circuit Isc 6 - - -50 | -125 - mA - - - - - - - - - - - 14 - - - 1,2,4,5,6,7*
Current
Power Requirements
(Total Device)
Maximum Power Ioax 14 - - - 16 - mAdc - - - - - - - - - - 14 - - - - 1,2,4,57
Supply Current 9,10, 12, 13
Power Supply Drain| I, 14 - 32 - 32 32 | mAde - - - - - - - - - 1,2,4,5,9, - 14 - - - 7
10, 12,13
1 14 - 10 - 10 10 | mAde - - - - - - - - - - 14 - - - 1,2,4,5,7
PDL 9,10, 12, 13
Switching Pulse | Pulse
Parameters | In_| Out |
Turn-On Delay todron 1,6 - - - 12 - ns 1 6 - - - - - - - - - 14 - - 2,4,5 ™
Turn-Off Delay todre. 1,6 - - - 12 - ns 1 6 - - - - - - - - - 14 - - 2,4,5 7*

*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test.

(panunuod) GZOSON
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DUAL 4-INPUT EXPANDER \ MTTL 11l MC3000 series
S

OR “AND-OR-INVERT” GATE

MC3030

This device consists of two independent 4-input

1/2 OF CIRCUIT SHOWN AND gates. The outputs of each gate are available as

Vece

ORing nodes. Using the MC3030 expander, with the
14 MC3020 expandable gate, up to four AND gates can be
ORed together.

12 Collector
——\12
—— %11
Emitter
Emitter

——X10
———N9
Collector

Input Loading Factor = 1

Full output loading factor of the expandable
gate is maintained.

-

WN =W

11

wovs

Total Power Dissipation = 15 mW typ/pkg
Propagation Delay Time:
Atpg = +1.0 ns typ
When added to the expandable
“AND-OR-INVERT" gate. .
Atpd/pF =+1.0 ns pF typ
Caused by additional capacitance
at expansion points.

APPLICATION: EXPANDABLE 2-WIDE 2-INPUT AND-OR-INVERT GATE

WITH A DUAL 4-INPUT EXPANDER CONNECTED

-

VOMSE WN=W

EXPANDER
MC3030
Positive Logic:
8=(9e10)+(13¢ 1) +(13e1¢2e3)+(405e60e8)
— J \ J
~Y A
Expandable Gate Expander
EXPANDABLE
GATE
MC3020

4-122




ecl-v

ELECTRICAL CHARACTERISTICS

Collector

5 e TEST CURRENT/VOLTAGE VALUES
Test procedures are shown for only one 2 E__“_'ln mA
expander. The other expander is tested in 3 miteer @Test
a similar manner. Further, test procedures Ermitter Temperature le L, o | Ve |Veu| Ve |Verr |Veer| Vi | Vi Veux | Vec | Vear | Veen
are shown for only one input of the ex- g ——N10 o
pander being tested. To complete testing, 6%:27'._&:9 oc| 60 | - - |2.5[40] 04 [ro0]oro] 20| L1 | - [s50] 45 | ss
NI 5
sequence through remaining inputs. ° +25°C| 6.0 1.0 -10 1 2.5| 4.0 0.4 [0.975/0.65| 1.8 | 1.1 7.0 5.0 4.5 5.5
+75°C| 6.0 - - | 2.5] 4.0f 0.4 [0.935|0.55]| 1.8 [ 0.9 - 50 | 4.5 5.5
Pin __ MC3030 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min [ Max | Min | Max | Unit le by ] I J Ve [Vuu I Ve | Ver, ]Vm | Vi I \ l Vinax | Ve I Vccx] Veen Gnd
Input
Forward Current Iy 1 - -1.9| - -1.9| - | -1.9 | mAde - - - - 123 1 - - - - - 14 - 7*
13
lp2 1 - -2.3 - -2.3 - -2.3 | mAdc - - - - 2,3, 1 - - - - - - - 14 7*
13
Leakage Current IR 1 - 80 - 80 - 80 | pAdc - - - 1 - - - - - - - - - 14 2,3,17,13*
Breakdown Voltage [ BV, 1 - - ss| - - - | vde - 1 R -1 - - R - - - - < 14 2,3,7,13%
Clamp Voltage VD 1 - - - -1.5 - - Vde - - 1 - - - - - - - - - 14 - *
Output
Output Voltage VoL 12 - | L4ar| - |138| - | 13| vac | 12 - - - - -l - 1 - - - 14 - 7*
Emitter Current Igo 1 - | -3%00 )| - -300 - | -300 | pAde - - - - - - - 11 - 1 - - 12, 14 - T*E
Collector Current Tco 12 - 300 - 300 - 300 | pAde - - - - - - - ni - - - 12,14 - T*
[Power Requirements
(Total Device) 1,2,3,4,5
Maximum Power Imax 14 - - - 7.0 - - mAdc - - - - - - - - - - 14 - - - 14,9,4,0,
Supply Current 6,7,8,13
Power Supply Drain IPDL 14 - 5.0 - 5.0 - 5.0 | mAde - - - - - - - - - - - 14 - - 1,2,3,4,5,
6,7,8,13

* Ground inputs to gates not under test unless otherwise noted.

** The inputs to both gates are ungrounded.

(penuiuod) OEOEIN



DUAL 3-INPUT 3-OUTPUT “AND”
SERIES TERMINATED

MTTL 111 MC3000 series

LINE DRIVER
MC3028

1/2 OF CIRCUIT SHOWN

This device is a dual 3-input/3-output series-terminated
AND line driver that minimizes switching transients on long
lines by approximating line impedance. Two outputs are pro-
vided through 75-ohm resistors for use when driving 93 to
120-ohm lines. These outputs should be paralleled when driv-
ing 50 to 93-ohm lines. In addition, an output is provided
directly at the gate output node for driving adjacent gates.

Vee
14
VW5
> > > 1 I \
2.4 k3 2.4 k3 8003 603 3 / 6
< <
“\VA—4
VW~ 9
" n— )
5 12 8
\ o B3——
2 75 “VWA\—-10
3 4
Positive Logic: 4,5,6,=1-2-3
Negative Logic: 4,5,6,=1+2+3
Input Loading Factor = 1
Output Loading Factor, Direct Output (Pins 6 & 8) =
10 minus the number of resistor-terminated outputs
being used.
Output Loading Factor, Resistors (Pins 4,5,9, & 10) = 1
Total Power Dissipation = 56 mW typ/pkg
Propagation Delay Time = 9.0 ns typ
SWITCHING TIME TEST CIRCUIT VOLTAGE WAVEFORMS AND DEFINITIONS
ViHX =
+2.5 Vdc
Coax*
tr i
55+ 05ns 55+ 05ns
950 + 1.0% 3 950 + 1.0%
TP R
3.5V ' l TPin _-out TPin
ov o——
. GND
[en 1/4MC3000 tpd 1 —] I tpaor

PRF = 1.0 MHz typ 3
PW =100 ns
t,=55+05ns
t=55+0.5ns

*The coax delays from input to scope and ou

cr

tput 10 scope

must be matched. The scope must be terminated in 50-ohm
impedance. The 950-ohm resistor and the scope termination

impedance constitute a 20:1 attenuator prob
be CT-070-50 or equivalent.

e. Coax shall

Ct = 25 pF = total parasitic capacitance, which includes

probe, wiring, and load capacitances.

TPout
+1.5V

GND
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
line driver. The other line driver is tested
in the same manner. Further, test proce-
dures are shown for only one input of the
line driver being tested. To complete test-
ing, sequence through remaining inputs.

[AINPN

=Dam
=Dy

TEST CURRENT/VOLTAGE VALUES

WA-9
11
3 8 @Test L] Volts
10 Temperature Iom 1A Im L] '01 e |m 2A 'ox 28 Iot 2c Iun A IoN ] IoH c Ve le vc: vczl Veen Vinx
0°C| 152 | 19 [ 1.9 184 | 23 [ 23 |-1.8 [ -0.1] -0.1 0.4 4.0 50| 45 | 55 -
+25°C| 152 | 1.9 | 1.9 | 184 | 2.3 [ 2.3 |-1.8 | -0.1 | -0.1 0.4 4.0 5.0 45 | 55 2.5
+75°C| 15.2 | 19 | 1.9 | 18.4 | 2.3 | 2.3 | -1.8 | -0.1 | -0.1 0.4 4.0 5.0 | a5 | 55 -
Pin __ MC3028 Tst Links TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0% +25°C [ 475
Characteristic Symbol | Test [ Min | Max | Min | Max | Min | Max | Unit lo 14 l 'onl—lrlouc lo, n| 'ouu| loo zcl lona ] lons I lonc | Ve l Ve I v Vec [ Vcc;] Veen ] Viex Gnd
nput .
Forward Current Ipy 1 - | -ne| - | -ne| - | -19|mAde| - - - - - - - - - 1 2,3 - 1 - - 7
- - - - - - - - - - - - - . - - -
Ipg 1 - | 2.8 2.3 2.3 | mAde 1 2,3 14 7
Leakage Current In 1 - 80 - 80 - 80 | pAde - - - - - - - - - - . - - 14 - 2,3,7
Breakdown Voltage | BV 1 - - ss| - - - vde - - - - - - - - N B . B B 14 - 2,3,1
Clamp Voltage V’J 1 - - - -1.5 - - Vde - - - - - - - - - - * - 14 - - 1
Output
Output Voltage VoL 6 - loa| - |oa| - |04 v [ 5 4 - - - - - - - 2,3* - 14 - - 7
VoLz 6 - foal - Joa| - |04 va - - - 6 5 4 - - - - 2,3% - - 14 B T
VoL3 5 - 0.5 | - 0.5 - | 0.5 | Vde 6 5 4 - - - - - - - 2,3 - 14 - - 7
VoL 4 5 - 0.5 | - |0.5 - | 0.5 | Vde - - - 6 5 4 - - - - 2,3* - - 14 - 7
- - - - - - - - » - - -
Vou 6 25| - |25 2.5 vde B 6 5 4 2,3 14 T
Short-Circuit Isc 6 - - | -30 | -w00| - - | mAde| - - - - - - - - - - 1,2,3* 14 - - - 6,7
Current
Power Requirements
(Total Device)
Maximum Power Tax 14 - - - 18 - - | mAde| - - - - - - - - - - 1,2,3, - - - - 7
Supply Current m 11,12, 13
Power Supply Drain| 1o 14 - 12 | - 12 - 12 |made| - - - - R - R - - B 1,2,3, 14 B - B 7
11,12, 13
1 14 - 24 - 24 - 24 | mAde - - - - - - - - - - - H - - - 1,2,3,7
PDL 11, 12,13
Switching Pulse | Pulse
Parameters In_| Out
Turn-On Delay todnor 1,6 - - - 12 - - ns 1 O - - - - - - - - * 14 - - 2,3 7
Turn-Off Delay [ 1,6 - - - 12 - - ns 1 6 - - - - - - - - . 14 - - 2,3 1

*Since this is a non-inverting gate, power drain is minimized by tying the inputs to gates

not under test to V.

(penuiuod) gZOEIN




DUAL 3-INPUT 3-OUTPUT
“NAND" SERIES TERMINATED
LINE DRIVER

MTTL 111 MC3000 series

MC3029

1/2 OF CIRCUIT SHOWN

Vee
14
[}
> >
324k 2800 260
77 75
‘P
10— 35kS 6
20—t—9 9 75
30~ 4
250
¥ 3
Y 3
r' Y

SWITCHING TIME TEST CIRCUIT

This device is a dual 3-input/3-output series-terminated
NAND line driver that minimizes switching transients on long
lines by approximating line impedance. Two outputs are pro-
vided through 75-ohm resistors for use when driving 93 to
120-ohm lines. These outputs should be paralleled when driv-
ing 50 to 93-ohm lines. In addition, an output is provided
directly at the gate output node for driving adjacent gates.

~\V\W\—5
1
; :
i—
LAAA~4
—~VW—9
1
13
-4\/\/\,_10

Positive Logic: 4,5,6=1¢¢ 23
Negative Logic: 4,5,6=1+2+ 3
Input Loading Factor = 1

Output Loading Factor, Direct Output (Pins 6 and 8) =

10 Minus The Number of Resistor-Terminated Outputs
Being Used.

Output Loading Factor, Resistors (Pins 4, 5, 9 and 10) = 1

Total Power Dissipation = 44 mW typ/pkg
Propagation Delay Time = 6.0 ns typ

VOLTAGE WAVEFORMS AND DEFINITIONS

ViHx =
+2.5 Vde
Coax* Coax*
950 + 1.0% 3 950 + 1.0%
T
35 v[ “ TPin - out
ov o—
50 U T 178 me3000
PRF = 1.0 MHz typ cr
PW =100 ns
t,=55+05ns L

t4=55+05ns

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

Ct = 256 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances.

tr i
55+ 0.5ns '55%0.5ns

TPin

TS

TPout
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LCl-V

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
line driver. The other line driver is tested
in the same manner. Further, test proce-
cures are shown for only one input of the
line driver under test. To complete testing
sequence through remaining inputs.

(panunuod) 6ZOEIN

M5
1
2 ——6
3
A4 TEST CURRENT/VOLTAGE VALUES
-9 @Test mA Volts
i :,‘;5:))_ 8 Temperature IOI 1A 'ot 11} 'ov. 1 'ot 2A lm E ) |o|. 2¢ 'on A 'ou L] Iou (4 lin 'n vll Vm Vs vl le V.m vcc vcu v:cu Vlux
: 10 0°C| 15.2 1.9 1.9 ) 18.4 | 2.3 | 2.3 | -1.B [ -0.1 | -0.1 | - - | L1}20]o04 2.5 4.0 - 5.0 | 4.5 5.5 -
+25°C| 152 | 19 |19 [184 | 23 [ 23 [-1.8 |-0.1 | -01fno]-10]11]18[0a] 25 4.0 7.0 150 ] 45 | 55 2.5
+75°C| 15.2 | 1.9 | 1.9 [ 184 | 23 | 23 |-1.8 |-01 | -0t f -] - |o9[18]0o4a]| 25 4.0 - |50 45 | 55 -
Pin _ MC3029 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0°C | +25°C +75°C |
Ch isti Symbol | Test | Min | Max | Min | Max | Min [ Max | Unit lov1a | Imlll‘ouc—l |otn| Iua| Iouc| lon a | 'oulL om:l b | o l A | Vi 1 \G I Va l Vau l Vinax Ivccl Ve l Veen [ Vinx Gnd
Input
Forward Current Ipg 1 - -L9| - -1.9| - | -1.9 [ mAdc - - - - - - - - - - - - - 1 - 2,3 - - 14 - - 7*
Ipgy 1 - | -2.3| - | -2.3| - | -2.3 [maAdc - - - - - - - - - - - - - 1 - 2,3 - - - 1 - *
Leakage Current Ig 1 - 80 | - 80 - 80 | pAdc - - - - - - - - - -] - - -] - 1 - - - - 14 - 2,3,7%
Breakdown Voltage va 1 - - 5.5 - - - Vdc - - - - - - - - - 1 - - - - - - - - - L] - 2,8,7%
Clamp Voltage Vp 1 - - - L5 - - vdc - - - - - - - - - - 1 - - - - - - - 14 - - ™
Output Voltage VoL1 [ - 0.4 - 0.4 - 0.4 | vde 6 5 4 - - - - - - - - - 1 - - 2,3 - - 14 - - *
VoLa 6 - o4 - |o4| - |04 va - - - 6 4 5 - - - -] - - 1| - - 2,3 - - - 1 - ™
VoL 3 5 sjos| - (o5 | - [o5 | vae| 6 5 4] - - - . - -] . 2,3 B A . _ 7
VoL 4 5 - los| - |05 | - |05 | Vi - - - 3 4 5 - - - - - - 1| - - 2,3 - - - 14 - 7*
Vou 6 25 - (25| - [25] - vde - - - R - - 6 4 5 - - 1 - - - 2,3 - - 14 - - T
Short-Circuit ISC 6 - - -30 | -100 - - mAde - - - - - - - - - - - - - - - - - 14 - - - 1,2,3,6,7%
Current
Power Requirements|
(Total Device)
Maximum Power Toax 14 - - - 12 - - |magc| - - - - - R - R - N I - - - - 14 - - - - 1,2,3,7,
Supply Current 11,12,13
Power Supply Drain{  1pp, 14 - 18 - 18 - 18 | mAdc - - - - - - - - - - - - - - - “1. 122. 8‘3 - 14 - - - 1
1 14 - 9 | - 9 - ) Ad - - - - - R R R R S - - R - - 1 - - - 1,2,3,7,
PDL made ; 11,12,13
itching Pulse | Pulse
Parameters [ | owt|
Turn-On Delay [ 1,6 - - - 0| - - s 1 6 - - - - - - - P I - - - - - 14 - - 2,3 ™
Turn-Off Delay toange 1,6 - - - 10| - - ns 1 6 - - - - - - - S R e - - - 1 - - 2,3 ™

*Since this is an inverting gate, power drain is minimized by grounding the inputs to gates not under test,




“AND” J-K FLIP-FLOP

MTTL 111 MC3000 series

MC3050

This J-K flip-flop triggers on the positive edge of the clock. An
AND input gating configuration formed by three J inputs ANDed to-
gether and three K inputs ANDed together, minimizes the require-
ments for external gating. The enable input (JK) consists of a J and
a K input internally connected together. This input provides gating
for the J and K inputs or an additional logic input for use in counters
or other applications. A direct SET and RESET are provided to per-
mit presetting data, such as initial conditions into the flip-flop. The
direct SET and RESET fully override the clock; i.e., the direct SET
and RESET control the operation of the flip-flop regardless of the
state of the clock.

.l nformation may be applied to, or changed at the J and K inputs
any time in a clock cycle, except during the interval of time between
the Set-up and Hold times. The inputs are inhibited when the clock
is high; data is entered into the input steering section of the flip-flop
when the clock goes low. The input steering section of the flip-flop
continually reflects the input state when the clock is low. Data pre-
sent during the time interval between the Set-up and Hold times is
transferred to the bistable section on the positive edge of the clock
and the outputs Q and Q respond accordingly. The flip-flop can be
set or reset directly by applying the high state to the SET or RESET
inputs.

SET 9
33
. - J Qr—8
LOGIC DIAGRAM a1 2 Input Loading Factors:
J, K, SET, RESET = 0.6
CLOCK 13 L !
RE?SET K 1 CLOCK, JK =1.2
a3
12 Ki 10 Output Loading Factor = 10
3o | Eg }; K Q6  qypical Characteristics (Ve =5.0V, Ta = 25°C)
Q
A RESET 5 Total Power Dissipation = 80 mW/pkg
cLock [] -
J=J1.J2.J3.JK Toggle Frequency = 40 MHz
JK K=K1.K2.K3.JK Logical ““1°* Setup Time = 10 ns
T a TRUTH TABLE Logical ‘0" Setup Time = 5.0 ns
K1 ol TRT T Logical “1* and ““0"" Hold Time = 5.0 ns
K204 HHHIR Tpa o= 1208
KSoJ—‘ g : “’ g tpd #1977 =14ns
SET ifof of 1
o] 1|
] of 1
{1 o

14

?Vce GND

603 8003

>
$2k <800 S 60

SET
5 ’ 9
i 2k i2k i
cLOCK na =
13 i = §Vee
= 4k3 4k3 aks 34k 34k 24k
N2 jj Y—K ]—/ \\\ 10 K1
J2 3 11 K2
s34 2k 32k 12 K3
K t = {m:
-
= =+ JK
1
A
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MC3050 (continued)

OPERATING CHARACTERISTICS

High state data must be present 17 ns prior to the rise of the clock and remain 5.0 ns after the
clock signal rises.

Positive edge triggering: When the clock goes from the low state to the high state, the informa-
tion in the input steering section is transferred to the bistable section.

The direct SET and RESET inputs may be used any time, regardless of the state of the clock.
If these inputs are not used THEY MUST BE TIED TO GROUND.

Unused Inputs:

JK input MUST be in the high state to enable the clocked inputs. When the JK input is notused,
it should be tied to a voltage between 2.0 and 5.5 Vdc.

Unused J inputs should be tied to used J inputs, the used JK input, Q, or a voltage between 2.0
and 5.5 Vdc.

Unused K inputs should be tied to used K inputs, the used JK input, Q, or a voltage between 2.0
and 5.5 Vdc.

Unused SET and RESET inputs MUST be tied to ground.

FIGURE 1 — MAXIMUM CLOCK FREQUENCY TEST CIRCUIT

i OV x = +2.5 Vdec
coAax* CoAX*
= 4) 950
r % +1.0% mc3000
850 +1.0% ;
+3.5 V—
ovd Lo
TPin
ty = 5.5 +0.5ns
tf=5.5+0.5ns 50

Maximum Clock
Frequency = 25 MHz min

*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 constitute a 20:1 attenuator probe. Coax shall
be CT-070-50 or equivalent.

CT = 25 pF = total parasitic capacitance, which
includes probe, wiring, and load capacitances.

WAVEFORMS AND DEFINITIONS

35V
, | ]
TPin 1.gx_1 Cen JI I I[ l I

TPout | | |
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10159 By 4

ELECTRICAL
CHARACTERISTICS SET 9———
J3 4
32 J af-s @ TEST CURRENT/VOLTAGE VALUES
cLock 13 Test I mA T Volts T T
JK 1 Temperature lou on |l | Zn| 1o w | Vin| Ve | Ve Ve max| Ycc| Ycer| YecH
K1 10 °C| 23 20 | -| - -] t1|20]o04f2s 4.0 - |5.0f 45 | 5.5
K2 11 K @l-6 00 -
K3 12 +25°C| 23 2.0 [1.0[20|10] 11|18 0.4f25 4.0 7.0 |5.0| 4.5 | 5.5
1
RESET 5 +75°C| 23 2.0 |- -] -]o09]|18]0.4}25 4.0 - |s5.0] 45|55
Pin MC3050 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0O°C +25°C +75°C
Characteristic Symbol | Test | Min | Max [ Min| Max | Min | Max | Unit oo | low || %]l | Vi |Viu| Ve [ Ve Ve Vinax| Vee| Veer | Veen Gnd
Input
Forward Current IFJ 2 - -1.5) - |-1.5 - -1.5 | mAdc - - - - - - - 2 - 1,3,4,5 - - - 14 7,9,13
3 B ‘ - ‘ - ‘ ‘ - - - -] - - -3 |- 1,2,4,5 - - - ‘
4 - - - - - - -] - - - e ] - 1,2,3,5 - - -
Lo 10 | - |-15| - |-1.5[] - |-1.5|mAde| - - -0 - - - - {10 | - 1,9,11,12 -1 - - 14 5,7,13
1 | - ‘ - ‘ - ‘ * - - - -] - - <o 1,9,10,12 - -] - +
12 | - - - . - O R - - 12 - 1,9,10,11 - - -
Iec 13 | - |-3.0] - |-3.0] - |-3.0[mAde]| - - - - - - - 13- - -] - - 14 1,5,7,9
Lok | ! - [-3.0] - |-3.0] - |-3.0| mAde| - - - - - - -l | -] 234001112 - | - - 14 5,7,9,13
Lng 9 - |-1.5] - |-1.5| - |-1.5|mAde| - - - - - - -9 |- 5 -] - - 14 7
Lg 5 - [-15| - [-1.5| - |-1.5|mAde| - - - -] - - -5 ] - 9 - - - 14 7
Leakage Current IRJ 2 - 80 - 80 - 80 uAde - - - - - - - - 2 9 - - - 14 1,3,4,5,7
3 - * - ‘ - * - - - -] - - -l -3 * -1 - - * 1,2,4,5,7
4 - - - - - -l - |- - - -] 4 - |- - 1,2,3,5,7
Ik 10 | - |8 |- |8 [ - |80 |puade]| - - B I - -l - | 5 - - - 14 1,7,9,11,12
1 | - ‘ - ‘ - * - - -l - - - - -l + -] - - ‘ 1,7,9,10,12
12 | - - - - - -l - - - - - |12 - |- - 1,7,9,10,11
IRC 13 - 110 | - 110 - 110 | pAdc - - - - - - - - 13 11,2,3,4,5,10,11,12 - - - 14 7,9
ok | 1 - 1o - |10 - | 110 | pAde| - - - -] - - -l -1 9 R - 14 | 2,3,4,5,7,10,11,12
Ins 9 - |8 | -]8 | - |8 |pade| - - - - - - -l - e - - - - 14 7
RR 5 - |80 | -8 | - | 8 |uAde| - - - -] - - - |- s - - |- - 14 7

(Ponunuoo) OGOEIIN
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ELECTRICAL
CHARACTERISTICS (continued)

TEST CURRENT/VOLTAGE VALUES

@
Test mA| | Volts
Temperature| ‘oL lon || Zin || Vi | Vin| Ve |V Ve Vinax| Vee| Vear | Veen
0°C| 23 20 | -] -]-]11[20]o04]2s 4.0 - |5.0] 45 |55
+25°C| 23 2.0 |1.o]20]10] 1.1[18]0.4]25 4.0 7.0 [5.0] 4.5 | 5.5
+75°C| 23 20 | -] -]-]o9|1s]|o04]2s 4.0 - |5.0] 45 | 5.5
Pin MC3050 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit lo, lon | % |Zn|' | Vi |Viu| Ve | Ve Ve Vinax| Vec| Vear | Veen Gnd
Breakdown Voltage By, | 2 - Iss] - | - | - | vac | - - 2 | - |- - - -1 - 9 N I S RV 1,3,4,5,7
3 - - - - - - 3 - - - - - - * - - - 1,2,4,5,7
4 - -l -] - - - 4| - |- - - - |- I 1,2,3,5,7
10 - - - - - - - 10 - | - - -] - - 5 - - - 1,7,9,11,12
11 - - - - - - 1| - - - - - - + - - - 1,7,9,10,12
12 - - - - - - 12| - | - - - - - - - - 1,7,9,10,11
13 - - -] - - - - 13 - - - - | - L23,4s5,1011,12 - | - | - 7,9
1 - - - - - - N T - -l -] - - - - 2,3,4,5,7,10,11,12
9 - - - - - - 9o - |- - - - - - - - - 7
5 - - -] - - - 50 - -1 - -l - - - - - - 7
Clamp Voltage VD 2 - - |-1.5| - - Vde - - - - 2 - - - - - - - 14 - 7
3 N T [ - - -l -3 - R R - - - -
4 - - - - - - A I - -] - - - - -
10 - - - - - - - - 10| - T - - - -
11 - - - - - - A T -l - - - - - -
12 - - -l - - - - - 12| - - - - - -
13 - - - - - - -l - || - O A - - - -
9 - - N - - ) - - - - - - -
Output Vo 6 0.4 - Jo.a| - oa] vac | 6 - - - 1-1 s 9 | - | - - S S IV 7,13
Output Voltage 8 0.4 - |0.4 - 0.4 Vdc 8 - - - - 9 5 - - - - - - 14 7,13
Vou 6 |25 - |25 - |25 - | vae | - 6 -l - -] e 5 |- | - - - 14| - 7,13
8 |25 - |2.5| - |25 - | vac | - 8 - - -] s 9 |- | - - - - | 1| - 7,13
Short-Circuit Current ISC 6 - -30|-100 | - - mAde - - - - - - - 5 - 14 - - 6,7,9
8 - |-30]-100| - [ - | madc| - - - - - - -] - 9 - 1| - - 57,8
Power Requirements
(Total Device)
Maximum Power I 14 - -1 35 - - mAde | - - - - - - - - - - 14 | - - - 1,5,7,13
max
Supply Current
Power Supply Drain Ip 14 2 | - | 26 - 26 | mAde| - - - - - - - - - - - 14 - - 1,5,7,13

(penunuod) 0GOSIN



MC3050 (c

ontinued)

OPERATING CHARACTERISTICS (continued)

FIGURE 2 — SWITCHING TIME TEST CIRCUIT
(For J inputs and RESET input; to test other inputs, refer to Test Procedures Chart)

Letter designations
refer to waveforms
shown below:

?vmx=+zsvu

coax”

950 +1.0%

B,C,D, E
PULSE 0
GENERATOR °
A

PRF = 1.0 MHz typ
t,=55+0.5ns
tf=5.5+0.5ns

Three puise generators are required and
must be slaved together to provide the-
waveforms shown.

*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 constitute a 20: 1 attenuator probe. Coax shall be CT-070-50
or equivalent.

Ct = 25 pF = total parasitic capacitance, which includes probe, wiring, and load capa-

citances.
VOLTAGE WAVEFORMS AND DEFINITIONS
0 n:
A 35V
1.5V /_L
PRV
‘TcLock
(Must be used on all tests)
l-30 ns
B 3.5V ' 15V TEST PROCEDURES CHART
o v——I | -
— —tgerr1” INPUT [ o | qrr LTS o)
30+ TesT | 4t [ seT** [ReseT™t[ k" | Min | Max
c3sv WY tSet1* 4| B Gnd F Gnd G H -
oV THold “1” J c Gnd F Gnd G H - ot
— tHold “1"
0 ns- Set 0" J ] Gnd F Gnd | <04V [>25V - 5.0
D 3.5V
1.5V tHold 0" 4 E Gnd F Gnd <04V [(225V - ot
0 V—-
— tSet 0" Set“1” K| Gnd F Gnd B H G - 17
£ 35V tHold “0*" Hold “1” K| Gnd F Gnd c H G - ot
ov et 0" K| Gnd F Gnd D 225V |<04V - 5.0
\ tHold “0” K| Gnd F Gnd € >25Vv |<S04vV - ot
i
. f+————500 ns———=+30 ns tog 1 Delay from clock to Q during tgey 1 J test. 8o | a0
F 35V 1 pd 1 Delay from clock to @ during tget 17 K test. -
| f 1.5V 'Set 1" K
oV X : tod 0 Delay from clock to @ during tgey 1+  test. 80 | 30
pd 0 Delay from clock to Q during tget =17 K test. -
tpd ““17__L . pipre v 9 1Set 1" K
pd Y o ¢ tsd “0’
G 3.5V T 1 15V Delay from SET to Q during tggg =1+ K test.
oV ! % | - tsd 1 Delay from RESET to G during tgeg 1" J test. 70 | 23
| |
| | Delay from SET to @ during tger /1" K test.
H 3.5 V—:—x— [1’;—\’—— sd 0" Delay from RESET to Q during tger - - 3 test. 70 | 23
L L

o v

T

tpd “0"

tgg 1"

“* Letters shown in these columns refer to waveforms at the left.
ttyold IS typically a negative number.
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“AND” INPUT JJ-KK
FLIP-FLOP

MTTL 111 MC3000 series

MC3052

The MC3052 is a master-slave J-K flip-flop that triggers on the
positive edge of the clock. The flip-flop has an AND input configu-
ration consisting of two J-inputs and a J-input ANDed together and
two K-inputs and a K-input ANDed together. An enable input (JK)
is also provided consisting of an additional J and K input internally
connected together. This input provides gating in addition to the
clock for the clocked inputs (J, J, K and K) or an additional logic
input (JK) for use in counters or certain other applications. A
direct SET and RESET are provided to enable presetting data into
the flip-flop such as initial conditions. The direct SET and RESET
control the operation of the flip-flop regardless of the state of the
clock.

Information is normally applied to, or changed at, the clocked
inputs while the clock is in the high state, since the inputs are inhi-
bited under this condition. Information may be stored in the
master flip-flop section when the clock goes low. Once input data
has been stored in the master flip-flop section it cannot be removed
(or changed) by means of the clocked inputs. The direct SET or
RESET provide the only means of removing previously stored in-
formation. The state of the master flip-flop is transferred to the
slave flip-flop section on the positive transition of the clock and
the outputs respond accordingly. The flip-flop can be set or reset
directly by applying the low state to the direct SET or RESET
inputs.

SET 22—
313
Input Loading Factors:
LOGIC DIAGRAM n o2 ‘ Joors e1a
J, K, CLOCK = 0.6 *
—_— CLOCK 9 —_—
SET K1 SET, RESET = 2.0
_ ] K1 3 K 5L—8 Output Loading Factor = 10
J3o—>o] Q K2 11
j%? —t K3 1om Typical Characteristics:
P _
RESET 13 (Vce=5.0V;Tp=25°C)
J=J1.J2.33.JK e
" Total Power Dissipation = 756 mW/pkg
CLOCKo—>o4 K=K1.K2.R3.JK Toggle Frequency = 40 MHz
JKOo— BRI Logical “1" Setup Time = 10 ns
K1° s g z g : Logical ‘0" Hold Time = 8.0 ns
K20—— a -
REo—por TRUTH [3)°|a] 3 tpd 0" = 20 ns
TABLE ofif1] o tpd 1 =12ns
L, HHEHE
RESET Tprpof ot
iif1] o
a Vec @
69 Q14 78
4
6k 36k
b3
4 kS 4 k
SET RESET
20— o013
p4
) )8 ak 4k s
= 4 kg 32k 2k <4k =
J1 ™~ K1
40— el o3
120— 4 Sok L—o11
92 . ? 2k 32 A P
10—¢ = = = =
JK Vee
. —014
= 4k 6k 4k 26k 24k 6k
p:
3 K3
50——4 ——010
A 1250 1250 = 1250 ZA
= cLOCK = GND =
9 7
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ELECTRICAL
CHARACTERISTICS @ TEST CURRENT/VOLTAGE VALUES
Test mA Volts
Temperature| lor | lon | hn'| Zhn | 1o [ Vi | Vi [Ve| Vo Vau Vimax| Vec | Vear |Veen
oc| 28| -20 | - | - [-]11]20]04]2s5 4.0 - | 5.0 45]5.5
+25°C| 23 | -2.0 [1.0] 2.0 [-10]1.1]1.8]0.4] 2.5 4.0 7.0 | 5.0] 4.5 [5.5
+75°C| 23 -2.0 | - - | - ]o.9] 1.8 ]0.4f 2.5 4.0 - | 5.0] 45][5.5
Pin | MC305 Test Limits _ TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
- x
Characteristic Symbol| Test [Min| Max | Min] Max | Min[Max | Unit | 'oL | ‘o |l | Zln ['o | Vi | Vi |Ve| Vi Ve Vimax| Vee| Veer |Veen|Pr 6nd
Input
Forward Current IFJ 4 - | -5} - [-1.5| - |-1.5 |mAdc - - - - - - - 4 - 1,12 - - - 14 - 5,7,9,13
12 | - |-15| - |-1.5] - |-1.5|mAde| - - - - - - - 2] - 1,4 - SRR 5,7,9,13
Tpe 3 [ -|-15] - [-1.5] - [-1.5 [madc| - - - - T-1T-1T-137 - 1,11 - - - T |- 2,7,9,10
11 | - |-15| - |-1.5] - |-1.5 |mAde| - - - - - -] - ] - 1,3 - S oo |- 2,7,9,10
Iz 5 | -|-15] - [-1.5] - [-1.5 [made| - - - - T-1T-17-1s7 - - - - - e |- 7
Lz 10 |- ]|-15] - [-1.5] - [-1.5[made| - - - - T - -1 - T - - - - e |- 7
9 |- |[-15] - |-L.5| - [-1.5|mAde]| - - - - - -] -9 - - N T 7
Lk 1 [ -]-30] - [-3.0] - [-3.0[made| - - - - - -] -] - 341,12 | - | - - | 14 |- 2,5,7,9,10,13
5 2 |- |-45| - |-45]| - |-4.5|made| - - -l - -1 -] -2 - - - - -] e |- 7,9,13
. 13 | - |-45| - |-45(| - [-4.5|mAde| - - - -0 -1 -] - ]3] - - - -] -] e |- 2,7,9
Leakage Current Ins 4 [-] 8 |- |8 [|-]8 [pad| - - - - -] -] - ]-] 4 5,9 -l -] - e |- 1,2,7,12
12 [-| 8 |- |8 |- |8 |pAde| - - B R T 5,9 B S R AV 1,2,4,7
Ik 3 [-]8 |- |8 |- 8 [pad]| - - - - 1-1T-17-1-7 s 9,10 - B L VI 1,7,11,13
1n |- |8 |- |8 |- |8 [pAde| - - N R e i e P 9,10 T 1,3,7,13
o3 5 [-] 8 [ -8 [-]8 [upad]| - - -1 -T1-T7-1T-1-1T->5 - - N R VR 7
g 10 [-[s8 [-]s8 [-]80 [pad| - - - T -1 -1-1 1w - - - - T |- 7
Inc 9 -] 8 | -8 | -[8 [pad| - - - - -1 -1 -T-1 o - - - -] e |- 7
Tnrk 1 [ -] 1o - Tuo| - [ 10| pade| - - -1 - T-1T-17-71T-1T1 5,9,10 - - - T e |- 3,4,6,7,8,11,12
Ins 2 [ -] 10 - [140] - [ 140 | paac| - - - - -l -1 - -1 2 | ne0az8) - | - - |14 [ 3,5,7,11
Iew 13 | -] 140( - | 140 | - | 140 | pAde| - - Sl - - - s onessa | - f o - [ 1a e 471012
*Pulse is used to set flip-flop in desired state. Pj = 4.0 V (VRH)

—oV
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ELECTRICAL
CHARACTERISTICS (continued) TEST CURRENT/VOLTAGE VALUES
@ mA Volts
Test
Temperature loL lon | lin | Zhn [T | Vi | Vin | Ve| Vo Ve Vinax|Vee | Veer |Veen
0°c| 23 2.0 | - | - | - |t1f20/04f 25 4.0 - | 5.0| 45|55
+25°C| 23 -2.0 [1.0] 2.0 |-10|1.1| 1.8 |0.4f 2.5 4.0 7.0 | 5.0| 4.5 |5.5
+75°C| 23 -2.0 | - - | - ]o.9| 1.8]0.4f 2.5 4.0 - | 5.0| 45|55
Pin _MC3052 Tost Limits _ TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0°C | +25°C | +75%C
Characteristic Symbol| Test |Min| Max | Min | Max | Min | Max | Unit lov | ou |l |Zn |l | V| Vin|Ve| Vo Veu Vinax| Yee| Vear [Veen|Pr Gnd
Breakdown Voltage BVin 4 - - |5.5 - - - Vde - - 4 - - - - - - 5,9 - - - 14 - 1,2,7,12
12 | - - - -] - - - | - -] -] -1-1- 5,9 - - - - 1,2,4,7
3 | -] - - - - - - 3l - - - - ]-1 - 9,10 - - - - 1,7,11,13
i |- - - - - - - |l - -] - - -1 - 9,10 - - - - 1,3,7,13
o= - - -] - - - - R I R 2,5,9,10,13 | - - - - 3,4,6,7,8,11,12
2 |- - - - - - - T T I I I 1,4,10,12,13| - - - 9 3,5,7,11
13 |- - - - - - - A L I ,2,3,5,11 | - - - 9 4,7,10,12
5 |- | - - - - - ~— s - |- -1 -1-1 - - - - - - 7
9 |- - - - - - - 9o | - |- - -1-1- - - - - - 7
w0 |- - - - - - - w| - |- -1-1-1]- - - - - 7
Clamp Voltage VD 4 - - - |-1.5] - - Vde - - - - 4 - - - - - - - 14 - - 7
12 |- - - | - - - 1 I R R B - - - -
3 |- - - E - - O I T I B e - - - - -
i o|-1 - - -l - - - B I ST I I - - - - -
5 - - - -l - - - - s -] - -] - - - - -
o -] - |- N . - - O I U R e S I - - - - -
1 - - - - - - - I I I O i I - - - - -
2 - - - - - - - - T T - - - - -
13 ] - - |- - - - - - -l - - -] - - - - - -
Output
Output Voltage VoL 6 - | 0.4 04| - |04 vde]| 6 - O e T T 1 N O - -] 1a | - 7,9
o 8 - | 04| - 04| - |0:4]|vde| 8 - - - -]l - - - - - |1a |- 7.9
Von 6 |25 - |25 - |25 - | vde 6 S -2 -1 - - - B VI R 7,9
8 |25 - |25 - |25 - | vde 8 - - -] o2 - - - - BEERE 7,9
Short-Circuit Current lSC 6 - - -30|-100| - - mAde| - - - - - - - - - - - 14 - - - 2,6,7
8 - | - |-30|-100] - | - |maAde| - - - -l - - -] - - - ae] - - |- 7,8,13
Power Requirements
(Total Device)
Maximum Power I 14 - - - 42 - - mAde| - - - - - - - - - - 14 - - - - 1,2,3,4,5,7,9,10,11,12,183
Current max .
Power Supply Drain | I, 14 |- 3] -]3 [ -1 - [made] - - - N I I - -l - - - 1,2,5,7,9,10

*Pulse is used to set

lip-flop in desired state. Pp =U4‘0 V (VRH)

—0oV
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MC3052 (continued)

OPERATING CHARACTERISTICS

Data should be present prior to the negative clock transition. |f data is changed from a “1*’ to a “'0”"
while the clock is in the low state, the flip-flop will not recognize this new data state.

The application of a low level to the SET input sets Q high and low level on the RESET input resets
Q low. These functions may be performed at any time without regard to the clock area.

Positive edge triggering — When the clock goes from the low to the high state, the information
stored in the master flip-flop section is transferred to the slave flip-flop section thus appearing at the
outputs. When the clock is in the high state, the inputs are inhibited.

Unused J, K, and JK inputs should be tied together with used inputs, to the internally connected
output, or to a voltage between 2.0and 5.5 Vdc. The unused J and K inputs must be tied to ground.
The unused SET and RESET inputs should be tied to a voltage between 2.0 and 5.5 Vdc.

FIGURE 1 — MAXIMUM CLOCK FREQUENCY TEST CIRCUIT

OV yx = +2.5 Vdc

COAX™ CoAax*

950
+1.0%  %MC3000

Zreom f}

950 +1.0%

+3.5 V—
I | TPin
ov O

Cr
Y Pout =
ty = :: j-_g.: ns 950
5520808 = ‘ £1.0% (. mc3000
Maximum Clock C
Frequency = 25 MHz COAX* :E T

*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 con-
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or
equivalent.

Ct = 25 pF = total parasitic capacitance, which includes probe,
wiring, and load capacitances.

WAVEFORMS AND DEFINITIONS

3.5Vv
RS e T s B s B

TPout | | |
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MC3052 (continued)

OPERATING CHARACTERISTICS (continued)

FIGURE 2 — SWITCHING TIME TEST CIRCUIT
(For J inputs and RESET input; to test other inputs, refer to Test Procedures Chart)

?v“..x =+2.5 Vde

Letter designations
refer to waveforms
shown below:

COAX* COAX*

950
+1.0%  %MC3000

950 +1.0%

PULSE
GENERATOR

Cr

PRF = 1.0 MHz typ Hor225 V=

t,=5.5+0.5 ns
t=5.5+0.5ns

Three pulse generators are required and
must be slaved together to provide the
waveforms shown.

*The coax delays from input to scope and output to scope must be Cr 25 pF = total parasitic capacitance, which includes probe,
matched. The scope must be terminated in 50-ohm impedance. wiring, and load capacitances.
The 950-ohm resistor and the scope termination impedance con-
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or

equivalent.
VOLTAGE WAVEFORMS AND DEFINITIONS
v E3O n:
A 3.5
ov 1.5V \ /
CLOCKI

(Must be used on all tests)

8 TEST PROCEDURES CHART
INPUT LIMITS (ns}
= = = Qar a*
TEST J° I SET" | RESET"| K" K N Min | Max
c et —
‘Set 11 3 c Gnd | 25V £ Gnd | Gna G H - 5
tHola "0” 4 8 Gna | 25V F Gnd | Gnd | S04V [225v | - | —30
et“1" K | Gnd | Gnd F 25V c Gna H 3 - 15
D Hold“0* K | Gnd | Gnd [ 25V 8 Gnd | 225V [<oav | - | —a0
tSer1” T 25V E 25V F 25V | Gnd G H - 15
r—1tset 0" :
\ tHola~o® T | 25v | O 25v £ 25v | Gnd | <oav [225v| - | —30
- tHold ‘0" 7
E 35V tet“1" K | 25V | Gnd £ 25v | 25v | € H s - 15
oV tHold“0” R | 25V | Gna F 25v | 25v| o | 225v [<0av| - | 30

\ N Delay from clock to Q during tser 1" 3 test.
e 500 30 ns pd 1 Delay from clock to G during tggq «1~ K Test. 20
F 35V +
! 3 1.8 V tpa 0" Delay from clock to O during tgey 4+ J test. 2
ov ! X e trom ook v 3 oo ot 1 | =
|
tpd 1 tsd Q" a1 Delay from SET to Q during tgey - 3 _ e
G 3.5V ; Oelay from RESET to @ during tsey 1 3 test.
| 1.5V —
ov | Delay fram SET to & during tser 1 K tot.
|
|

T ©0 Delay from RESET 10 Q during tge #1+ 4 Test.

H 35V _&% y !1 v *Letters shown in these columns refer to waveforms.
ov
tod “0 tsg 17’
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DUAL TYPE D FLIP-FLOP

MTTL 11l MC3000 series

MC3060

1/2 OF DEVICE SHOWN
14
Vee

100

1.2k

2k 2k
cLOCK = =
30—¢
Vcci
= 4k ak 4k a4k
2k L 2k
D GND
2 7
LOGIC DIAGRAM
RESET % OF DEVICE SHOWN
a
D
cLocK
—
=g o
SET

The MC3060 dual flip-flop triggers on the positive
edge of the clock and performs the Type D flip-flop
logic function. This device consists of two completely
independent Type D flip-flops, both having direct SET
and RESET inputs for asynchronous operations such as
parallel data entry in shift register applications.

Information may be applied to, or changed at, the
D inputs any time during the clock cycle except during
the time interval between the Set-up and Hold times.
The clocked inputs are inhibited when the clock is
high and data may be applied to the input steering
section of the flip-flop when the clock goes low. The
input steering section continually reflects the input
state being applied when the clock is low. The infor-
mation present at the inputs during the time interval
between the Set-up and Hold times is transferred to
the bistable section on the positive edge of the clock,
and the outputs Q and Q respond accordingly.

The flip-flop can also be set or reset directly at any

time, regardless of the state of the clock, by applying
a low state to the direct SET or RESET inputs.

SET 4

D 2 5

cLock 3 6
RESET 1
SET 10

D 12 aQfl—-9

CLOCK 11 a—s
RESET 13

TRUTH TABLE

D|an| antl

c| o (o]

o1 [o]

10 1,

1 1 1
an+1l=pn

Input Loading Factors:
SET=1.0
RESET=1.5
CLOCK= 1.4
D=0.6
Output Loading Factor = 10
Typical Characteristics: (Voo =50V, Ta= 25°C)
Total Power Dissipation = 120 mW/pkg
Toggle Frequency = 30 MHz
Logical 1" Setup Time = 10 ns
Logical ““0’"-Setup Time = 5.0 ns
Logical 1" and **0’* Hold Times = 5.0 ns
tpd 0" =17 ns .
tpd 1= 15ns
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ELECTRICAL CHARACTERISTICS  SET 4
Test procedures are shown for only one b 279 ars
flip-flop. The other flip-flop is tested in
the same manner. cLock 31 Qe TEST CURRENT/VOLTAGE VALUES
RESET 1 T@t mA Volts
SET 10 s
o 12 dle Temperature lo, low [l | Zha "o | Vie [Viu| Ve | YR | Ven | Vinax|Vec| Vear|Veen
0°C| 23 -2.0 | - | - -] 11]20]|04]25 4.0 - |5.0| 4.5 | 55
CLOCK 111 &r8 +25°C| 23 -2.0 |1.0[2.0|-10( 1.1 | 1.8 0.4 2.5 4.0 7.0 |5.0 | 4.5 | 5.5
RESET 1 +75°C| 23 -2.0 | - - - 109 ]1.8[04]25 4.0 - |50 4.5 | 5.5
Pin | __MC3060 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0°C +25°C | +75°C .
Characteristic Symbol | Test |Min] Max [Min]Max | Min [Max| Unit | ‘oo | 'on [Yn|Zn [T | Vi |Vin | Ve | Ve | Van | Vemax|Vee|Vea [Veen| P Gnd
Input
Forward Current IFC 3 - |-3.0| - [-3.0] - [-3.0| mAdc - - - - - - - 3 - 1 - - - 14 - 2,4,7,11
I 2 - |-1.5| - [-1.5] - |-1.5| mAdc| - - - -] - - - 2 | - 1,4 B - - 14 - 3,7,11
Ing 4 - |-2.3] - [-2.3] - [|-2.3 | mAdc| - - -0 - - - -4 - 1 - - - 14 - 2,3,7,11
Ior 1 - |-3.4] - [-3.4] - |-3.4 | mAdc| - - - -] - - - 1 - 2,4 - - - 14 - 3,7,11
Leakage Current IRC 3 - 110 - 110 - | 110 | pAdc - - - - - - - - 3 4 - - - 14 - 1,2,7,11
Itp 2 - |80 | - |8 | - |8 | uAde| - - -l -] - - - - |2 3,4 - - - 14 - 1,7,11
Ies 4 - 10| - {10 - [110 | pAde | - - - -] - - - -] 4 1,2 - - - 14 3 7,11
Irr 1 - |10 | - |140| - |140 | pAde | - - N N - - - 1 4 - - - 14 3 2,7,11
Breakdown Voltage BV, 3 - - 55 - - - Vde - - - 3 - - - - - 4 - - - 14 - 1,2,7,11
mn 2 - - - - - - 2| - |- - - - - 3,4 - - - - 1,7,11
4 |- - l - - - l - - Eo N I R R B 1,2 - -] - i 3 7,11
1 - - - - - - - -1 - - - - - 4 - - - 3 2,7,11
Clamp Voltage VD 3 - - - |-1.5] - - Vde - - - - 3 - - - - - - - 14 - - 7,11
2 - - - -] - - - - 2 - - - - - - - -
1HHENEAN AR AN R
1 - -] - -] - - - - -]t - - - - - - - - -
Output
Output Voltage VoL 6 - 04| - |0.4 0.4 | vde 6 - - - 4 1 - - - - - - 14 - 2,3,7,11
5 - |lo4a| - |04]| - |04 | vac | 5 - - - - 1 4 - - - - - - 14 - 2,3,7,11
Vou 6 |25| - |25 - | 25| - vde 6 - - - 1 4 | - - - - - 14 - - 2,3,7,11
5 |2.5 2.5 2.5 vde | - 5 - - |- 4 1 - - - - - 14 - - 2,3,7,11
Short-Circuit Current ISC 6 - - -20 | -60 - - mAdc - - - - - - 4 1 - - - 14 - - - 6,7,11
5 - - |-20[-60| - | - | mAde| - - - - - - 1| 4 - - - | 14| - - - 5,7,11
Power Requirements
(Total Device)
Maximum Power Lo 14 - - - 42| - |- | mAde| - - - -] - - - - - 1,13 14 | - - - - 3,4,7,10,11
Supply Current
Power Supply Drain IPD 14 - 29 - 129 - |29 mAde | - - - - - - - - - 4,10 - 14 - - - 1,3,7,11,13
* Pulse is used to set flip-flop in desired state. Pl = 4.0 V(VRH). If pin is also in another column, the pin must be returned to that voltage or current for measurement.
—ov
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MC3060 (continued)

OPERATING CHARACTERISTICS

Data must be present 15 ns prior to the rise of the
clock and remain 5.0 ns after the clock signal rises.

The direct SET and RESET inputs may be used at
any time as they completely override the clock.

Positive edge triggering: When the clock goes from
the low to the high state, the information in the in-
put steering section is transferred to the bistable
section.

Unused inputs should be tied to a voltage between
2.0 and 5.5 Vdc.

SWITCHING TIME TEST CIRCUIT

Letter designations B,C, D, E
refer to waveforms

shown below:

COAX* coax*
950
950 +1.0% +1.0%  %MC3000
PULSE
GENERATOR

PRF = 1.0 MHz typ
t = 5.5+0.5 ns

tf = 6.5 £0.5 ns

50 AO

Three pulse generators are required and
must be slaved together to provide the
waveforms shown.

*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 con-
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or
equivalent.

CT = 25 pF = total parasitic capacitance, which includes probe,
wiring, and load capacitances.

VOLTAGE WAVEFORMS AND DEFINITIONS

30 ns:

A 35V
15V

N\

ov |
CLOCK!
{Must be used on all tests)

:’_tSet “Qo"

— THold 0"

TEST PROCEDURES CHART

INPUT LIMITS (ns)
— T — 12 | T
TEST D" l SET* [ RESET" Min [ Max
tset 1 o B 25V F G H - 15
tHold 1" D | C 25V F G H - 5.0
tset 0" o | b F 25v | H G - 15
tHold “0” D | E F 25v | H G - | so

Delay from clock to Q during

tget 17 D ST

tog 1y

pd "1 = 10 25
Delay from clock to @ during

tget 0" D test.

Delay from clock to Q during
tget 0" D test.

tpd 0"
pd ‘0’ = 10 25
Delay from clock to Q during

tset 1 D test.

++30 ns:
F 3.5V + \ Delay from SET to Q during
ov | N 1.5V Tset 0" D test.
' g 1 _
. | = Delay from RESET to G during | 00 | 20
pd 1"t tod “0" tset 1 D test.
G 35V +
oy J 1 1.5 V Delay from SET to G during
] . tSet 0" D test.
H 35V | sd 0 Delay from RESET to Q during | >0 | 2°
y \ | jl-l 5V tget 1 D test.
ov S L ’ -
tpd g ! | teq 7 * Letters shown in these columns refer to waveforms at left.
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DUAL J-K FLIP-FLOP MTTL 11l MC3000 series

MC3061

The MC3061 dual JK flip-flop triggers on the negative edge of the Setup and Hold times. The inputs are inhibited when the clock
the clock. Each flip-flop is provided with a separate direct SET in- is low and enabled when the clock rises. The input steering network
put in addition to the common direct RESET input. These direct continuously responds to input information when the clock is high.
inputs provide a means of resetting a group of flip-flops such as a The data state at the inputs throughout the interval between the Set-
register which may be followed by the presetting of a data pattern. up and Hold time is stored in the flip-flop when the clock falls. Each
The clock input for this device is common for both flip-flops, flip-flop may be set at any time without regard to the clock state by
making it particularly useful in registers or other common clock applying a low level to the SET input. In addition, both flip-flops
applications. may be reset simultaneously by using the common RESET in a

Data may be applied to or changed at, the clocked inputs at any similar manner.

time during the clock cycle, except during the time interval between

LOGIC DIAGRAM J-K TRUTH TABLE

1/2 OF DEVICE SHOWN, J[xJorTan*?
RESET AND CLOCK COMMON TO BOTH g g ‘1’ “’
o1 o o
CLOCK of1] 1 [
cmaimn RESET 1lo) o N
SET 1lo] 1 1
11 o 1
1)1 1 o
J
Typical Characteristics
P eToT e SET 10 (Ve =5.0V; T = 25°C)
Total Power Dissipation = 100 mW/pkg
" Toggle Frequency = 50 MHz
) t L :
K MYt Loading Factors Logical 1"’ Setup Time = 8.0 ns
RESET, CLOCK = 3.2 Logfcal ::0:: Setug '!"ime = 8.9 ns
JK=0.6 Logical ““1’* and “0’* Hold Times = 0 ns
RESET ’ tpd 0 = 12 ns
Output Loading Factor = 10 tpd 1" =12ns

1ooi akS 1.2k 2k 2k 212k a4k jmo
p b S
500 S1k 1 kj; 500

1/2 OF CIRCUIT
SHOWN (RESET AND CLOCK

RESET = Vee SET COMMON TO BOTH)
10 i ’ 9 ! i 04
= a4k 4k 4k Sak =
3 4 l_ K
3 ————02
L ax s L
= CcLocK

70— 013
GND =
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BET a
ELECTRICAL CHARACTERISTICS TEST CURRENT/VOLTAGE VALUES
Test procedures are shown for only one T(?si mA Volts
flip-flop plus the inputs common to both  &wex 1 | | Llan v | v V. | v v Vv V.. |V Vv
flip-flops. To complete testing, sequence ™ ' Temperature | ‘oL OH in |“'in| D w|'m| "F| "R RH max | ‘cc|'ccL| "CCH
through the remaining inputs in the same 0°C| 23 -2.0 - - - | 1120 [0.4 |25 4.0 - |5.0 4.5 | 5.5
manner. +25°C| 23 -2.0 |1.0|20)-10]1.1]1.8 [0.4|2.5 4.0 7.0 |5.0 | 4.5 | 5.5
T o0 +75°C| 23 -2.0 | - | - - 0.9 |1.8]0.4 25 4.0 - |5.0|45 ] 5.5
Pin | MC3061 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | 0°C +25°C +75°C .
Characteristic Symbol | Test | Min| Max | Min| Max | Min | Max | Unit oo | You | Yn (2] o | Vi [ Vin| Ve | YR| Vew  |Vimax|Vec|Vea Veen | Py Gnd
Input
Forward Current IFJ 3 - |-1.5| - |-1.5| - [-1.5| mAdc - - - - - - - 3 - 1,4,13 - - - 14 1 2,7,10
IFK 2 - |-1.5) - |-1.5| - |-1.5| mAdc - - - - - - - 2 - 1,4,13 - - - 14 4 3,7,10
- 1 - |-3.5] - |-3.5| - |-3.5|maAdc| - - -l - - - -l |- 3,4,13 - - - 14 - 2,7,10
Ieg 4 - |-1.8f - |-1.8| - |-1.8 | mAde| - - -l - - - - 4 - 1,2,13 - - - 14 - 3,7,10
- 13 - |-5.7| - |-5.7| - |-5.7|mAde| - - B - - |13 | - [1,2,3,11,12] - - - 14 |4,10 7
Leakage Current IRJ 3 - 80 - 80 - 80 nAde - - - - - - - - 3 2,4 - - - 14 - 1,7,10,13
IRK 2 - 80 - 80 - 80 | pAdc - - = - - - - - 2 1,3 - - - 14 - 4,7,10,13
- 1 - | 230 | - [ 230 | - | 230 | pAde | - - - - - - - - 1 2 - - - 14 1 3,4,7,11,13
IR§ 4 - 140 | - 140 - 140 | pAde - - - - - - - - 4 3 - - - 14 4 1,2,7,10,13
IRE 13 - 290 | - 290 - 290 | pAde - - - - - - - - 13 - - - - 14 - 1,2,3,4,7,10,11,12
Breakdown Voltage BV, 3 - - |5.5 - - - vde - - 3 - - - - - - 2,4 - - - 14 - 1,7,10,13
in 9 - - - - - - - 2 | - | - - - - - 1,3 - - - - 4,7,10,13
1 - - - - - - - -l - - - - - 2 - - - 1 3,4,7,11,13
4 -l - - - - - - S T N e R B 3 R N 4 1,2,7,10,13
13| - - - - - - - - 3] - - - -] - - - - - - | 1,2,3,4,7,10,11,12
Clamp Voltage VD g - - - |-L5| - - Vde - - - - Z - - - - - - - 14 - - 7,10
1 - - |- - - - - - -] - R - - - - -
4 - - - - - - - -l -] - - -] - - - - - -
13 - - - - - - - B I IS I - - - - - - -
Output
Output Voltage VoL 5 - | 0.4 0.4 | - |0.4]| vde | 5 - - -] - 1 4 - - - - - - 14 1 7,10
6 - | 04| -]04|-]04]| Vdc | 6 - - -] - 4 1 - - - - - - 14 4 7,10
Vonu 5 |25 - |25 - |2.5] - vde | - 5 -l -] - 4 1 - - - - - 14 - 4 7,10
6 |25 - |25 - |25 - vde | - 6 -l -] - 1 4 - - - - - 14 - 1 7,10
Short-Circuit Current ISC 5 - - |-20|-60 - - mAde| - - - - - - - - - - - 14 - - - 4,5,7,10
6 - - |-20|-60 [ - - | mAde| - - - -] - - - - - - - 14 | - - - 1,6,7,10
Power Requirements
(Total Device)
Maximum Power I 14 - - - | 42 - - mAde | - - - - - - - - - - 14 - - - - 4,7,10
max
Supply Current
Power Supply Drain IPD 14 - 30 -.| 30 - 30 | mAde| - - - - - - - - - - - 14 - - - 1,7

*Momentarily ground pin prior to taking measurement. (If pin is also in another cdlumn, the pin must be returned to that voltage or current for measurement. )



MC3061 (continued)

OPERATING CHARACTERISTICS

High state data must be present 12 ns prior to the fall of the clock
and remain until 0 ns after the clock falls.

The direct SET (individual) inputs and RESET (common) inputs
may be used at any time without regard to the clock state. The
flip-flop is set to the Q = 1 state by applying a low level to the SET
input or reset to the Q = O state by applying alow level to the RESET
input. If these inputs are not used they should be returned to a volt-

age between 2.0 and 5.5 Vdc.

Negative edge triggering — The input state during the time in-
terval between the Setup and Hold times is stored in the flip-flop
when the clock goes low.

Unused clocked inputs should be tied to the clock, to the in-
ternally connected output, or to a voitage between 2.0 and 5.5 Vdc.

MAXIMUM CLOCK FREQUENCY TEST CIRCUIT

ViHx =+2.5 Vdc

f

COAX*

950 +1.0%

Maximum Clock
Frequency = 40 MHz min

matched.

equivalent.

Ct = 25 pF
wiring, and load capacitances.

COAX*
950 +1.0%
*—
+3.5 V—
ov] L o
TPin
t, =5.5+0.5ns
1 =5.5+0.5ns 50

%MC3000

*The coax delays from input to scope and output to scope must be
The scope must be terminated in 50-ohm impedance.
The 950-ohm resistor and the scope termination impedance con-
stitute a 20:1 attenuator probe.

total parasitic capacitance, which includes probe,

Coax shall be CT-070-50 or

3.5V

VOLTAGE WAVEFORMS AND DEFINITIONS

TP,

in

Jd
1.3 xj-—i“IZ ns 1

] [
|

TPOUI

LT
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MC3061 (continued)

OPERATING CHARACTERISTICS (continued)

SWITCHING TIME TEST CIRCUIT
(For J Inputs:and RESET Input; to test other inputs, refer to Test Procedures Chart)

Letter designations coax®
refer to waveforms
shown below:

950
+1.0%  %MCc3000

950 +1.0% B8,C,D, EC

PULSE
GENERATOR

PRF = 1.0 MHz typ
t, = 5.56+0.5 ns
- t¢=5.6+0.5ns

Three pulse generators are required and
must be slaved together to provide the
waveforms shown.

*The coax delays from input torscope and output to scope must be Ct = 25 pF = total parasitic capacitance, which includes probe,
matched. The scope must be tefminated in 50-ohm impedance. wiring, and load capacitances.

The 950-ohm resistor and the scope termination impedance con-

stitute a 20:1 attenuator probe. Coax shall be'CT-070-50 or

equivalent.
VOLTAGE WAVEFORMS AND DEFINITIONS
30 ns
A35V 15V /‘_—\__ TEST PROCEDURES CHART
ov !
CLOCK.,
(Must be used on all tests) INPUT o . LIMITS (ne)
B 35V 0 ns 4 TEST 4" T | mEsETY| Max
Ser1m 4 ® 2sv | F Gnd G H 15
oV
—tSet 41" Hold 1" 4 c 25v F Gnd G H o
30 ns tSet 0" 3 o 25V F Gnd <04V | 225V 15
C 35V T
THold "0” 4 € 25v F Gnd <04V | 225V o™
TSty L3 Gnd F 25V B8 L G 15
Hold “1” K | Gnd F 25v c H G L
tSet 0" x Gnd F 25V D 225V | <04V 15
THold "0 K | Gnd F 25V E 225V | soav o**

- Delay from GTock t6 Q during
tHold ‘0’ Tser 1 g et
toa 1

r—tset 0"
—!

Oetay from &ToeK to & during
toqt 17 K test

Delay from &lock to & during
Tset 1 g test.

500 ns——=+}430 ns' a0 Oatey from T3 1o @ during »
F 3.5V + \ tSet“1" K test.
i ( 15V
ov t Delay from SET to Q during
|

TSat 17 K temt.

thd 17 —ﬂ a1 Oelay from AESET to & during .
G35V : e g
1.5V
ov F Ostay from SET 108 during

|

| tSet "1 K Wit

! P 18
1

|

Delay from RESET to Q during

H 35V f——-——1 = Outay from FES
ov N | ; -
. hown in refar to waveforms shown st the feft.
tpd “0 I‘_J—tsd 1 *~trrora  typically a nagetive normper.
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DUAL J-K FLIP-FLOP

MTTL 111 MC3000 series

MC3062

The MC3062 dual JK flip-flop triggers on the negative edge of
the clock. Each flip-flop is provided with a separate direct SET in-
put. These direct inputs provide a means of presetting the flip-flop

the Set-up and Hold times. The inputs are inhibited when the clock
is low and enabled when the clock rises. The input steering network
continuously responds to input information when the clock is high.

The data state at the inputs throughout the interval between Set-up
and Hold time is stored in the flip-flop when the clock falls. Each
flip-flop may be set at anytime without regard to the clock state by
applying a low level to the SET input.

to initial conditions or other asynchronous operations.

Data may be applied to or changed at, the clocked inputs at any
time during the clock cycle, except during the time interval between

SET 4T
LOGIC DIAGRAM J a3 s J-K TRUTH TABLE
1/2 OF DEVICE SHOWN EToCRk 1 ; : 0: n':‘
K 2— G—s HHHE
— ot 1 o
SET ! 1lof| o 1
] o 1| 1
L ° s 11— a—s HHHE
4 ol CLOCK 13—
K 12 g 8 Typical Characteristics:

SET 10J

(Vee = 5.0 V; Ta = 25°C)

CLOCK o—1¢
Total Power Dissipation = 100 mW/pkg
K — Toggle Frequency = 50 MHz
a 1 ing F . Logical ‘1" Setup Time = 8.0 ns
np;t—égi:msi::t:"; Logical 0’ Setup Time = 8.0 ns
3K, = Cll 6 : Logical ““1”” and **0’" Hold Times = 0 ns
‘ ‘ ° (pd u.lus12ns
Output Loading Factor = 10 Tpd 0" =12ns
14
chc
100 4kS 1.2k3 2k 2k 31.2k 3:4k jmo
Q 50— [ :}—7_ 1 3——06 a
o 1 >< t
500 31k 1k 500
<
L 1/2 OF DEVICE
= - SHOWN
J 30
7°—_| 01 CLOCK
GND = E
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ELECTRICAL CHARACTERISTICS

SET 4
Test procedures are shown for only one 43 5
flip-flop. The other flip-flop is tested in &0 ° @ TEST CURR_ENT/VOI.TAGE VALUES
the same manner. b ° Test mA Volts
T N Temperature loL 'ou |in 2Iin b | Ve | Ve VRH vmax Vcc VCCL Veen
TLoeR 13 0°C| 23 -2.0 - - - 0.4 2.5| 4.0 - 5.0 | 4.5 | 5.5
<2 ¢ +25°C| 23 -2.0 | 1.0[ 2.0 [-10] 0.4] 2.5 4.0 7.0 5.0 | 4.5 | 5.5
S +75°c| 28 | 20| - | - [ -] oa]25] 40 - 5.0 [ 4.5 |55
Pin _MC3062 Test Lirnits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under 0°C +25°C +75°C
Characteristic Symbol | Test |Min| Max [Min| Max | Min | Max | Unit lor | Ton [ tin | Zhn| "o | Ve| Ve | Ven | Vimax | Vec | Veer|Veen| Py Gnd
Input
Forward Current IT 2 - |-15]| - |-1.5| - |-1.5| mAdc - - - - - 2 - 1,4 - - - 14 - 3,6,7,13
3 - |-L5] - |-1.5| - |-L.5| mAdc - - - - - 3 - 1,4 - - - 14 - 2,5,7,13
Ies 4 - {-1.8] - |-1.8| - |-1.8| mAde | - - - - - 4 - 1,2 - - - 14 - 1,13
IFE 1 - 1-2.9| - [-2.9| - |-2.9| mAdc - - - - - 1 - 2,3 - - - 14 4 7,13
1 - {-29] - |-2.9| - |-2.9| mAdc | - - - - - 1 - | 2,34 - - - 14 5 7,13
Leakage Current IR 2 - 80 - | 80 - 80 JLAde - - - - - - 2 3 - - - 14 - 1,4,7,13
3 -8 | -]8 | - |8 | pade| - - - - - - |3 2 - - - |14 - 1,4,7,13
Is 4 - | 140 | - | 40| - | 140 | pAde | - - - - - - 4 3 - - - 14 - 1,2,7,13
o 1 - | 1m0| - |170| - | 170 | pAde | - - - - - - 1 - - - - 14 - 2,3,4,7,13
Breakdown Voltage BV, 2 - - |5.5| - - - Vdc - - 2 - - - - - - - - 14 - 1,4,7,13
m 3 - - - - - - - 3 - - - - - - - - 1,4,7,13
4 - - l - - - l - - - 4 - - - - - - - - 1,2,7,13
1 - - - - - - - - 1 - - - - - - - - 2,3,4,7,13
Clamp Voltage VD 2 - - - |-1.5| - - Vdce - - - - 2 - - - - - 14 - - 7,13
3 - - - - - - - - - 3 - - - - - - -
1 - - - - - - - - - 1 - - - - - -
Output
Output Voltage VoL 5 - 04| -]0o4a| - |04 vde 5 - - - - - - - - - - 14 5 1,7,13
6 - o4 -]04 | - |04 vde 6 - - - - 4 - - - - - 14 4 1,7,13
Vou 5 |25 - |25 - [2.5] - Vdc - 5 - - - 4 - - - - 14 | - 4 7
6 |25| - |2.5| - [25] - | vde | - 6 N N N (S 4 - -] 4| - 5 1,7,13
Short-Circuit Current Isc 5 - - |-20]|-60 - - mAdc - - - - - - - - - 14 - - - 4,5,7,13
Power Requirements
(Total Device)
Maximum Power !ma.x 14 - - - |4 - - mAdc - - - - - - - - 14 - - - - 4,7,10
Supply Current
Power Supply Drain Inp 14 - 29 - 129 - 29 | mAdc - - - - - - - - - 14 - - - 4,7,10

* Momentarily ground pin prior to taking measurement. (If pin is also in another column the pin must be returned to that voltage or current for measurement. )

(panunuod) zgoEJIN



MC3062 (continued)

OPERATING CHARACTERISTICS

The data must be present 12 ns prior to the fall of the clock and re- Negative edge triggering — The input state during the time interval
main until 0 ns after the clock falls. between the Setup and Hold times is stored in the flip-flop when
The flip-flop is set to the Q = 1 state by applying a low level to the the clock goes low.

SET input. The direct SET inputs may be used at any time without Unused clocked inputs should be tied to the clock, to the internally
regard to the clock state. |f these inputs are not used they should be connected output, or to a voltage between 2.0 and 5.5 Vdec.

returned to a voltage between 2.0 and 5.5 Vdc.

MAXIMUM CLOCK FREQUENCY TEST CIRCUIT

ViHx
+2.5 Vdc
COAX* COAX*
_l 950 +1.0%
: %MC3000
950 +1.0% - :
+3.5 V— :
o v—‘ L o
TPin
50

ty=5.5+0.5ns
t¢=5.5+0.5ns

Maximum Clock
Frequency = 40 MHz min

*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 con-
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or
equivalent.

CT = 256 pF = total parasitic capacitance, which includes probe,
wiring, and load capacitances.

VOLTAGE WAVEFORMS AND DEFINITIONS

35V
| |12 ns el ] | | I
TPin 1.%\\//_' {12 rs = 1 g | i

TPout | | I
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MC3062 (continued)

OPERATING CHARACTERISTICS (continued)

SWITCHING TIME TEST CIRCUIT
(For J Inputs; to test other inputs, refer to Test Procedures Chart)

Letter designations
refer to waveforms COAX*
shown below: +2.5 Vdc

COAX*
950 +1.0%
%MC3000

950 +1.0%

PULSE
GENERATOR

PRF = 1.0 MHz typ
t =5.5+0.5ns
t¢=5.56+0.6ns

Three puise generators are required and
must be slaved together to provide the
waveforms shown.

*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 con-
stitute a 20:1 attenuator probe. Coax shall be CT-070-50 or
equivalent.

Ct = 25 pF = total parasitic capacitance, which includes probe,
wiring, and load capacitances.

VOLTAGE WAVEFORMS AND DEFINITIONS

30 ns
A 35 VH Ve TEST PROCEDURES CHART
CLOCK|
(Must be used on all tests) l INPUT a IMITS (ns)
l-30 . TEST [ v &= [« | max |
B
. tset 17 J B 25V |25y G H 15
For J tests, the flip-flop [P BN 2oy |2sv - " o
is reset by alternate clock -
o .
C pulses. 'Set 0’ J =] 25V 25V S04V |225V, 15
Hold "0” I E 25V |25v | S04V |225Y| o
Set 1" K Gnd F 8 H G 15
THold 1" K Gnd F c H G Q-
D Set 0" K Gnd F D 225V | <04V 15
N tHold “0” K | Gnd F 3 225v [<0av| o--
~—tset 0"
— t ppon Delay from G166k to Q during
_ 1 Hold "0 o s
E 3.5V 1 - i s
Delay from clock to Q during
oV : (et 1 K test.
I'IIS Delay from clock to G during
~ 500 ns 30 ns toa 0 tse 1 g et .
F 35V t -\ . Delay from &Tock to Q during
| 15V tSet 1+ K test.
oV t
|
T 01 g Delay from SET 0 Q duri
G asvdd 1 o et i
v I
: Delay from SET to Q during
H 3.5V —Sk ! ta o e s s
1.5V
ov | 7
tod 0 I | g B T e S ———
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