tghf;j En t ef‘ Entergy Operations, Inc.
P. O. Box 756

Port Gibson, MS 39150

Kevin Mulligan

Site Vice President

Grand Gulf Nuclear Station
Tel. (601) 437-7400

GNRO-2015/00012

March 3, 2015

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555-0001

SUBJECT: Response to License Amendment Request for Revision of Five Technical
Specification Allowable Value Setpoints Request for Additional Information
Grand Gulf Nuclear Station, Unit 1
Docket No. 50-416
License No. NPF-29

REFERENCES: 1. Electronic Request for Additional Information Regarding “License
Amendment Request for Revision of Five Technical Specification
Allowable Value Setpoints.”
2. Entergy Letter, “License Amendment Request for Revision of Five

Technical Specification Allowable Value Setpoints,” GNRO-2014/00014,
dated August 1, 2014 (A\DAMS Accession No. ML14216A383).

Dear Sir or Madam:
Entergy Operations, Inc. is providing in Attachment 1 a response to the Reference 1 Request for
Additional Information (RAI). The RAl is in response to the Reference 2 License Amendment

Request (LAR). Attachments 2-6 provide supporting vendor information.

This letter contains no new commitments. If you have any questions concerning this submittal,
please contact Mr. James Nadeau at (601) 437-2103.

| declare under penalty of perjury that the foregoing is true and correct; executed on
March 3, 2015.

Sincerely,

~ .

KJM/tmc
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Attachments (continued):
~ 2. TR Model Relay Vendor Information
3. ETR Model Relay Information
4. LSS Vendor Manual
5. LSS Vendor Information
6. LSS Reset Information

cc:
U.S. Nuclear Regulatory Commission
ATTN: Mr. A. Wang, NRR/DORL (w/2)
Mail Stop OWFN 8 B1
11555 Rockville Pike
Rockville, MD 20852-2738

U.S. Nuclear Regulatory Commission
ATTN: Mr. Marc L. Dapas (w/2)
Regional Administrator, Region IV
1600 East Lamar Boulevard
Arlington, TX 76011-4511

NRC Senior Resident Inspector
Grand Gulf Nuclear Station
Port Gibson, MS 39150

Dr. Mary Currier, M.D., M.P.H
State Health Officer

Mississippi Department of Health
P.O. Box 1700

Jackson, MS 39215-1700
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1) The license amendment request (LAR) requests correction of five non-conservative

technical specification allowable values. However, the LAR does not explain how
the licensee determined the current allowable values to be non-conservative, and
thus the changes requested in the amendment. Please explain how the current
allowable values in the technical specification (TS) were not conservative and
therefore resulted in the need for correcting these values.

Response:

-~ The current Tech spec AV’s were determined to be non-conservative based on

new revisions to the associated setpoint calculations that were provided to the
NRC in the August 1, 2014, LAR.

When the allowable values for the Containment Spray Actuation Time Delay and
ADS System Initiation Time Delay were originally derived by GE they assumed a
2% repeatability / accuracy (reference 22A3856AA and 22A3139AK). PERR
93/D8630 rev 1 authorized the replacement of obsolete 164C5257 (FTR) relays
that have a 2% repeatability / accuracy (normal environment) with 169C9488
(ETR) relays that have a 5% repeatability / accuracy (normal environment) without
addressing the accuracy difference and the impact on associated setpoint
calculations JC-Q1B21-K114 or JC-Q1E12-K093. MNCR 0652-83 earlier
approved the replacement of the FTR relay with the ETR relay. It incorrectly
assumed that the extreme environment 10% accuracy / repeatability specification
(which applies to both the FTR and ETR) was utilized. The revised calculations
conservatively assume a 5% repeatability / accuracy for the ETR relays. Based on
the revised calculation JC-Q1B21-K114, a conservative AV of 115 seconds is
being proposed for the ADS initiation timer. Based on the revised calculation JC-
Q1E12-K093, a conservative lower AV of 10.6 minutes is being proposed for the
Containment spray timers.

Per calculation JC-Q1R21-90024-1, no allowance for loop uncertainty exists
between the 3744 V lower analytic limit and the lower allowable value currently
specified in tech spec table 3.3.8.1-1 for the 4160 VAC Div 1 & 2 degraded voltage
setpoint. Based on the revised calculation JC-Q1R21-90024-1, a conservative AV
of 3764.25 VAC is being proposed for the Div 1 and 2 Degraded 4.16 KV Bus
Voltage.

Per calculation JC-Q1P81-90024, the 3558.8 VAC lower allowable value currently
Specified for the Div 3 degraded voltage setpoint is slightly non-conservative.
Based on the revised calculation JC-Q1P81-90024, a conservative lower AV of
3605 VAC is being proposed for the Div 3 Degraded 4.16 KV Bus Voltage.

Per calculation JC-Q1P81-90024, the 3.6 second lower allowable value currently
Specified for the Div 3 degraded voltage setpoint time delay is slightly non-
conservative. Based on the revised calculation JC-Q1P81-90024, a conservative
lower AV of 3.68 seconds is being proposed for the Div 3 Degraded 4.16 KV Bus
Voltage time delay.
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3)

‘Section 2.1 in the LAR lists the proposed changes for the five TS allowable values,

in addition to information regarding the current Allowable Value (AV) identified in
the Technical Specifications. The staff noted the Current AV for Sys A & B
Containment Spray Timers is listed in this section as 2 10.25 min. However, the
Technical Specifications in Attachments 2 and 3 (TS pages) list the Current AV as
2 10.26 min. Please explain the inconsistency with the value reported for Sys A &
B Containment Spray Timers.

Response:

The Tech Spec currently specified lower AV for the containment spray timers is
10.26 minutes. The 10.25 second value in the LAR is a typo.

In Attachment 4 of the LAR, the licensee provided its calculation JC-Q1B21-K114,
Instrument Uncertainty and Setpoint Determination for the System IB21-ADS,
Initiation Timer Setpoint Validation. The staff has the following questions regarding
this calculation:

a. Section 2.0, “Design Requirements,” (Sheet 7 of 62)-identifies the current
Technical Specification AV as < 117 seconds. If the LAR is approved and
the changes to the TS are implemented, this value in the Design
Requirements section of the calculation will no longer be consistent. What
is the plan to revise the Design Requirements to reflect the correct TS
allowable value?

Response:
The calculation will be revised after the LAR is approved.

b. Section 4.4, “1B21CK005A,B, ADS Timer Vendor Data,” (Sheet 11 of 62)
provides detailed information taken from the vendor data sheets, including
accuracy, repeatability, and environmental capabilities. However, this
calculation does not provide the vendor data sheets for the automatic
depressurization system (ADS) Timers impacted by this calculation
included with the LAR. Please identify the specific model of ADS Timer that
is being used and provide a copy of the vendor data sheets for this model
so staff can verify the specifications used in the calculation are accurate.

Response:

Vendor data for the TR and ETR model relays is attached.

4) In Attachment 5 of the LAR, the licensee provided its calculation JC-Q1E12-K093,

Instrument Uncertainty and Setpoint Determination for System E12 Containment
Spray Actuation Timer. The staff has the following questions regarding this
calculation:

a. Section 2.0, “Design Requirements” (Sheet 6 of 47), identifies the current
Technical Specification AV as =2 10.26 min and < 11.44 min, which are the
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current AVs before this LAR is approved. If the LAR is approved and the
changes to the TS are implemented, these values in the Design
Requirements section of the calculation will no longer be consistent. What
is the plan to revise the Design Requirements to reflect the correct TS
allowable value?

Response:
The calculation will be revised after the LAR is approved.

Sections 7.12, licensee event report (LER) Avoidance System A Loop, and
Section 7.13, LER Avoidance System B Loop, (Sheet 20 of 47) calculate
the Z value for the LER avoidance for the System A Loop and System B
Loop, respectively. The General Electric setpoint methodology identifies a
minimum acceptable value for the Z value. However, this section shows the
values for System A and System B are below the minimum acceptable

Z value for 90% LER avoidance. Please explain the reason for accepting
the Z value values for System A and System B.

Response:

The as-found and as-left data for the relays over a 6.7 year period was
collected for the relays and is included in the calculation. During this time
period the as-found setting was never below the proposed 10.6 minute (636
second) allowable value.

Section 4.3, 1TE12K093A, B Vendor Data, and Section 4.4, 1E12AK116
Vendor Data, (Sheet 9 and 10 of 47) provides detailed information taken
from the vendor data sheets including accuracy, repeatability, and
environmental capabilities. There are no copies of the vendor data sheets
for the ETR model timers that are impacted by this calculation included with
the LAR. Please provide a copy of the vendor data sheets for this model so
that staff can verify the information from the vendor data sheets that is used
within the calculation is accurate.

Response:

Vendor data for the ETR model relays is attached.

In Attachment 6 in the LAR, the licensee submitted its calculation JC-Q1R21-90024-1, Division

1 & 2 Degraded 4.16 KV Bus Voltage Setpoint Validation. Section 3.2.4, Uncertainty Effects —
Time Delay Relay, (Sheet 9 of 23) provides detail information taken from the vendor data sheets
including accuracy and environmental capabilities. However, this calculation does not provide
the vendor data sheets for the bistable logic cards and time delay one shot cards that are
impacted by this calculation. Please provide a copy of the vendor data sheets for the bistable
and time delay cards so that staff can verify the information from the vendor data sheets that is
used within the calculation is accurate. A copy of the vendor manual and vendor
correspondence is attached.
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L
SERIES TR

SERIES GP

G P/M L/TR series

10 Amp Control Relay
Non-latching, Latching & Timing Versions

@ File E15631 @ Fie LR29186

Users should thoroughly review the technical data before selecting a product
part number. It is recommended that users also seek out the pertinent
approvals files of the agenciesflaboratories and review them to ensure the
product meets the requirements for a given application.

GP/ML/TR Design Features

Among the advances AGASTAT control relays offer over existing designs is
a unique contact operating mechanism. An articulated arm assembly
amplifies the movement of the solenoid core, allowing the use of a short
stroke coil to produce an extremely wide contact gap. The long support
arms used in conventional relays are eliminated. Both current capacity and
shock/vibration tolerance are greatly increased, as well as life expectancy.

Design/Construction

AGASTAT control relays are operated by a moving core electromagnet
whose main gap is at the center of the coil. A shoe is fitted to the core
which overlaps the yoke and further increases the magnetic attraction.

The coil itself is in the form of an elongated cylinder, which provides a
low mean turn length and also assists heat dissipation. Since the
maximum travel of the electromagnet does not provide optimum contacts
movement, an ingenious amplifying device has been designed.

This consists of a W-shaped mechanism, shown in figure 1. When the
center of the W is moved vertically the lower extremities move closer to
each other as can be seen in the illustration. The center of the W mecha-
nism is connected to the moving core of the electromagnet and the two
lower points are connected to the moving contacts.

Two of these mechanisms are placed side-by-side to actuate the four
contacts sets of the relay. The outer arms of the W mechanisms are leaf
springs, manufactured from a flat piece of non-ferrous metal. These outer
arms act as return springs for their corresponding contacts. This provides
each contact with its own separate return spring, making the contacts
independent.

The mechanical amplification of the motion of the electromagnet
permits a greater distance between the contacts, while the high efficiency
of the electromagnet provides a nominal contact force in excess of 100
grams on the normally open contacts.

All the contacts are positioned well away from the cover and are well
ventilated and separated from each other by insulating walls.

The absence of metal-to-metal friction, the symmetrical design of the
contact arrangement and the lack of heavy impacts provides a mechanical
tife of 100,000,000 operations.

For use in AC circuits, the relay is supplied with a built-in rectification
circuit, thus retaining the high DC efficiency of the electromagnet. The
current peak on energizing is also eliminated and consequently the relay
can operate with a resistance in series (e.g. for high voltages or for drop-
out by shorting the coil). The use of the rectification circuit offers still
other advantages. The same model can operated at frequencies ranging
from 40 to 400 cycles. Operation of the relay is crisp; even with a low AC
voltage, there is a complete absence of hum and vibration.

The plastic dust cover has two windows through which the iron yoke
protrudes to facilitate cooling and also to allow direct mounting
arrangement of the relay irrespective of the terminals.

Figure 1 - lllustration of Amplification

This diagram illustrates
amplification obtained
by the articulated
operating mechanism.

NOTE: Seismic & radiation tested EGP, EML and ETR models
_are available. Consult factory for detailed information.

Features

* Occupies very small panel space

* May be mounted singly, in continuous rows or in groups.

* Available with screw terminal molded socket.

* 4 SPDT contacts.

* Magnetic blowout device option increases DC current carrying ability
approximately ten times for both N.O. and N.C. contacts. In both AC and
DC operation, the addition of the device will normally double the contact
life, due to reduced arcing.

GP/ML Contact Data @ 25°C

Arrangements: 4 Form C (4PDT)

Material: Siver plated.

Ratings: See chart.

Expected Life: Mechanical: 100 million operations.
Electrical: See chart and graph.

Contact Ratings and Expected Life

Power Factor Number of
Current or Electrical

Voltage (Amps) Time Constant Operations Remarks

540 VAC 3 COS @ =0.5 15,000 2 contacts in series
380 VAC 15 Resistive 10,000 2 contacts in parallel
380 VAC 10 Resistive 200,000

380 VAC 3x33 'COS @ =0.8 200,000 3hp motor

220 VAC 20 Resistive 20,000 2 contacts in parallel
220 VAC 15 COS @ =0.5 20,000 2 contacts in parallel
220 VAC 10 Resistive 400,000

220 VAC 3x6 COS @ =0.8 200,000 3hp motor

220 VAC 5 1,500,000 Filament lamps
220 VAC 5 Resistive 3,000,000

220 VAC 2.5 COS @ =0.25 2,000,000

220 VAC 2 Resistive 15,000,000

220 VAC 1.25 Resistive 30,000,000

120 VDC 1.5 Resistive 20,000,000  with blow-out device
48 VDC 10 Resistive 1,000,000
Load Life Curve

Current Amps
0.3 0.5 1 2.5 5 7.510
30

HNERAN
10 A\ AN

INAVERAN
NN

>

Number of operations (millions)

\
\ \
\ \
1 % \ 120V
! 50/60Hz
| \ 24V DC
0. N L}
125V 125V 120V 240V
DC DC 50/60Hz 50/60Hz
== = = Inductive
Resistive

Dimensions are in inches over
{miltimeters) unless otherwise
specified.

Dimensions are shown for
reference purposes only.

wwwi.tycoelectronics.com
Technical suppart:
Refer to inside back cover.

Specifications and availability
subject to change.
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Initial Dielectric Strength

Bety non- cted terminals: 2,000V rms, 60 Hz.
Between non-connected terminals & relay yoke: 2,000V rms, 60 Hz.

Initial Insulation Resistance

Between non-connected terminals: 109 ohms at 500VDC.
Between non-connected terminals & relay yoke: 109 ohms at 500VDC.

Coil Data

Voltage: 24, 120 & 220VAC, 60 Hz. Add series resistor for 380-440VDC;
12, 24, 48, 125 & 250VDC.

Duty Cycle: Continuous.
Nominal Coil Power: 6VA for AC coils; 6W for DC coils.

There is no surge current during operation.
Coil Operating Voltage

DC AC, 50/60Hz

Nominal Coil Voltage 12 24 48 125 250 24 120 220
Minimum Pick-up

Vottage at 20°C 9 18 36 94 187 19 92 175
Minimum Pick-up

Voltage at 40°C 95 19 38 100 200 20 102 188
Maximum voltage for

continuous use 135 27 583 143 275 27 137 245

For 380VAC — Use 6800 ohms 4 watt resistor in series with 220VAC relay:
For 440VAC - Use 8200 ohms 6 watt resistor in series with 220VAC relay.

Drop-out voitage is between 10% and 40% of the nomninal voltages for both DC
and AC (For example: in a 120 VAC unit, drop-out will occur between 12 and 48
volts.) DC relays wilt function with unfittered DC from a fullwave bridge rectifier.

Operate Data @ 20°C

Operate Time at Rated Voltage: Between energizing and opening of
normally closed contacts, less than 18 milliseconds on AC and less than
15 milliseconds on DC.

Release Time: Between energizing and closing of normally open
contacts, less than 35 milliseconds on AC and less than 30 milliseconds
on DC. Between de-energizing and opening of normally open contacts,
less than 70 milliseconds on AC and less than 8 milliseconds on DC.
Between de-energizing and closing of normally closed contacts, less than
85 milliseconds on AC and less than 25 milliseconds on DC.

Environmenal Data

Operating Temperature Range: 0°C to +60°C.

Vibration: Single axis fragility curve data are available on request at
frequencies from 5 Hz. to 33 Hz.

Shock: The relay, when kept energized by means of one of its own
contact sets, will withstand 40g shock load when operating on DC, and
150g shock load on AC.

Mechanical Data

Mounting Terminals: 16 flat base pins. Screw terminal sockets are

available.

Wire Connection: The 16 flat pins are arranged in four symmetrical rows

of four pins; the pitch in both directions being .394". Connection may be

made to the relay by soldering. Sockets are available with screw terminals.
The internal wiring of the relay is also symmetrical as shown in the

adjacent figure, allowing the relay to be inserted into the socket in either of

two positions. Terminals B2 and B3 are provided as extra connections for

special applications.

Weight: 10.9 oz. (308g) approximately.

Ordering Information

Typlcal Part No. )

1. Basic Series: . '
S GP= Non‘latchmg Control Relay

‘ML = Magnenc Latchmg Control Relay

2. Coil Voltage:

A =12VDC G = 24VAC, 60 Hz.
B = 24VDC = 120VAC, 60 Hz.
C = 48VDC J = 220VAC, 60 Hz.
D =125VDC
F = 250VDC

3. Opuons

N Magnetlc Blow-out-Device

ight to indicate coil: ‘energization (GP only.. 120VAC 125VDC, 220VAC and 250VDC voltages only) S L
lnternal diode.to suppress coil. de—energlzatlon transtent (GP: only ‘When used on. DC unit, relay release time mcreases to same’ value as: AC unlt)

Our authorized distributors are more likely to maintain the following items in stock for immediate delivery..

GPD
GPDN

Outline Dimensions

1.77 | . 177 ____|
45 45
—| 09 138
|| |
s 1.93
|| T
I 4.30 '
109
] 4. )
118
PEEY LTI

Wiring Diagrams (Bottom Views)

Q
[e]

-

"

N
:

>
[v)

i

o .

i

Dimensions are in inches over
(millimeters) unless otherwise
specified.

Dimensions are shown for
reference purposes only.

Specifications and availability
subject to change.

www.tyceelectronics.com
Technical support:
Refer to inside back cover.
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TR series

10 Amp Control Relay - Timing Version

TR Features

* 8 timing ranges.

* 4 SPDT contacts.

¢ Magnetic blowout device option increases DC current carrying ability
approximately ten times for both N.O. and N.C. contacts. In both AC and
DC operation, the addition of the device will normally double the contact
life, due to reduced arcing.

TR Design/Construction

Couples an advanced electromechanical design with a field-proven solid-
state timing network, an adaptation of the circuit used in the AGASTAT
premium grade SSC Timer.

This unique circuit also eliminates the need for supplementary
temperature-compensation components, affording unusual stability over a
realistically broad operating temperature range. It also provides transient
protection and protection against premature switching of the output
contacts due to power interruption during timing.

Timing Specifications

Operating Mode: On-Delay {Delay on energization).
Timing Adjustment: Internal fized or internal potentiometer.

Timing Ranges: .15 to 3 sec. 4 t0 120 sec.
.55 to 15 sec. 10 to 300 sec.
1 to 30 sec. 1 to 30 min.
2 to 60 sec. 2 to 60 min.

Accuracy:
Repeat: +2% as fixed temerature and voltage.

Overall: +5% over combined rated extremes of temerature and voltage.

Reset Time: 75ms.

Contact Data @ 25°C

Arrangements: 4 Form C (4PDT)
Nominal Rating: 10A @ 120VAC.
Contact Pressure:
Between movable and normally closed contacts: 30 g, typical.
Between movable and normally open contacts: 100 g, typical.
Expected Life: Mechanical: 100 million operations.
Electrical: See load/life graph.

Initial Dielectric Strength

Between terminals and case and between mutually-isolated
contacts: 2,000VAC.

Load Life Curve
Current Amps

0.3 0.5 1 2.5
30

20 N
A\ \
INERN

\
AV

5 7510

Number of operations (millions)

5 \
\
2.5 {

\

\

1 ' \ 120V
T 50/60Hz
| \ 24V DC
0. . \
125V 125V 120V 240V
bC 0C 50/60Hz 50/60Hz
= = = inductive
Resistive

Initial Insulation Resistance

Between non-connected terminals: 102 ohms at 500VDC.
Between non-connected terminals & relay yoke: 109 ohms at 500VDC.

Coil Data
Voltage: 120VAC, 50-60 Hz.; 24 & 125VDC.

Transient Protection
1,500 voit transient of less than 100 microseconds, or 1,000 volts or less.

Environmenal Data
Operating Temperature Range: 0°C to +50°C.

Mechanical Data

Mounting Terminals: 16 flat base pins. Screw terminal sockets are
available.
Weight: 11 oz. (311g) approximately.

Ordering Information
Typical Part No. > TR 1 : 4 B
1. Basic Series: ;< )
TR = Timing ‘control relay
2. Operation:
1 = On-delay
3. Output: )
4.= 4PDT (4 form C)
4. Operating Voltage:
B = 24vDC

- 5. Timing Adjustment:
1 = Internal fixed.

D = 215VDC

I = 120VAC, 50/60 Hz.

'3 = Internal potentiometer.

6. Timing Range:
A = .15 to 3 sec. to 30 sec.

C=1 E =410 120 sec.
B = .55 to 15 sec. D = 2 to 60 sec.

G = 10 to 300 sec.

| =2 to 60 min.
N =1 to 30 min.

Wiring Diagram (Bottom View)

.

)

i
1

7

INPUT

i
k

Outline Dimensions

7. ._Optiqns:

N'= Magnetic biow-out device.

Same as GP/MR. See previous page.

Our authorized distributors are more likely to maintain the following items in stock for immediate delivery..

None at present.

Dimensions are in inches over
{millimeters) unless otherwise
specified.

Dimensions are shawn for
reference purposes only.

Specifications and availahitity
subject to change.

www.tycoelectronics.com
Technical support:
Refer to inside back cover.
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Accessories for GP/ML/TR series control relays

Front connected sockets

Cat. No. CR0001 8 156 DIA MTO. HOLE 2) |
With captive clamp terminals n = L = -
39

=X

Cat. No. CR0002
With (#6) binding head screws

Cat. No. CR0095

With (#6) screw terminals 42
1

o

Cat. No. CR0067
With (#6) screw terminals

Hold down (locking) springs

Cat. No. CR0069
For socket: CR00&7

Cat. No. CR0070
For socket: CR0095

Cat. No. CRO111
For sockets: CR0001& CR0002

Heavy-duty hold down (locking) straps

*Cat. No. CR0133
For socket: CRO001 & CR0002

*Cat. No. CRO155
For socket: CR0O095

* Catalog number includes strap, strap plate and necessary brackets.

Magnetic blowout device ’ Extracting handle
Cat. No. CR0190 _—— Cat. No. CR0179
Reduces arcing on the I Used to remove GP, ML and TR
relay contacts when they units from mounting bases.
make or break contact, o

either upon energizing or
de-energizing, resulting in
less contact degradation.
Extends the life of the
contact.

Dimensions are shown for Dimensions are in inches over Specifications and availability www.tycoelectronics.com
reference purposes only. {millimeters) unless otherwise subject to change. Technical support:

specified. Refer to inside back cover.
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- components suitabla for class 1E service in nuciear power
* generaling stations, Thomas & Betts offers a serias of -
AGASTAT®: control retays which hava been tested for these
appiications. Series EGP, EML and ETR have demonstrated
compliance with the requirements of [EEE Standards 323-1974
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and ssismic tasting. The davices wers .
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m. SERIES EGP

* - Applying a continuous voltage to-the el
{B1-84) enamizes the coil and instantaneously

 transfers the switch, breaking the normally -

. cipsed contacts (M1-R1, M2-R2, M3-R3,

. M4-R4) and making the normally opan -

| contacts (M1-T1, M2-T2, M3:T3, M4-T4). The..

- contacts remain in this wransferred position
. untit the cail is deenergized, at which time the -

“switch instantaneously retums the contacts 1o -

their original position.

SERIES EML

Magnetic Latch: .
Application of a valtage 1o the latching input
{B1-B4) will causa the reiay toatch In (Make
the N.O. Contacts, break the N.G. Contacts),
When this voltage is removed, the relay wil -

-remain In this “Latched” condition. Application

of a voltage 1o the un-atching input (B3-84)
will causs the relay to dropout (Break the N.O.

- Contatts, make the N.C. Contacts). When this :
voltage is removed the refay-will remain in this
*Unlatched” condition. . o

ENERGIZED

UICHINPUT [T
81-84- ‘ . OEENERGIZED
UNLATCH INPUT r—L ENERGIZED
i -~ L DEENERGIZED :

: . 1 ) .

N.C. CONTCTS | Giosep

{FOUR M-R SETS) OPEN

1.0, rg:mm\c:r:;_ :  CLOSED .
{FOUR 4T SETS) oPEN

Wiring Diagram (Wiring and:
Connections)

The ML relay has three terminals for the -

windings: latching winding between terminals
B1 and B4, un-latching winding between
terminglo:B3 and B4,
The ML Relay is not symmerical due to its
{ee coil connections, , :
The relays are nomally delivered polarized so
« that terminal B4 camies the negative voltage.
' To reverse the polarity, a dsenenergize/ .
energize tycle should be carriad out using a
-voltage 50% greater than the nommal rating. .

T&E THUHNIGAL . SERVIGE

: Cominuous Duty Wiring

Since the double wound coil does not hava a
continugus duty. rating, voltage pulses to the -
coils shbuld not exceed a ratio of 40% on, to

60% off, with maximum power-on pariods not : -

to exceed 10 minutes.. - .
H continuous energizing only is availablo,

© aresistor/capacitor network should be

connected as shown below, In this case the

shortast time between two operations must . -

not ba less than 5 seconds,

The relay will always mume ﬁ:eenérgizod. .

position in the event of both windings being -

energized simultansously.
It is advisable not to put another load in
_paraliet with the windings of the ML relay,
ML Suries Rolay for DC operation
with g resistor/capacitor network
Pick-up . 6[',:;: 3(};,;an
1
r—-n O — - -—-1
I |
} '
Relay ¢ !
1 )
1 '
brmmm gl aaead e
Fomme=yemeows  suppl
1 1
Resistorl':' ‘ :
Capacitor | i
Ne(wo:k.", i
1. t
bwewome - o o )
R-C Values -
NOMINAL . R ¢
- YOLTAGE: OHMS
- VDG *5%. WATTS UF. vDC
12 82 2 5000 15
24 240 2 2000 - 50
48 1000 2 500 100
125 6200 | 2 150 150

No, Udbd - ¥ &/Y

SERIESETR

Time Delay Rela

(Detay on nerg&étloh)
- Applying & continuous vattaga to the input

terminals (B81-84) starts a time delay lasting
for the preset time period. During this period
the nommalily ciosed contacts (Four M-R sets)
remain closed. At the end of the dalay pariod,

- the normally closed contacts bréak and the

normally open contacts (Four M-T sats) make.
The contacts remain in this position until the
relay is deenergizad, at which time tha
cantacts instantansously retum.to their nomai
position. Deenergizing the relay, aithar during
or after the delay penod will recycle the unit:
within.075 second. It will then provide a full
delay pariod upor reansrgization, regardiass:
of how often the voltage is interrupted before
the unit has been permitted to “ime-out® lo its
full delay setting..

PRESET TIME DELAY

o ——  ENEAGIZED
L N T sy

i
, B
: LOSED

N.C. CONTACTS |- : . gm
(FOUR M- sas)»g . _.._.[_ CLOSED

1 OPEN
N.0. CONTACTS - :
(FOURM-T SETS)

L

13
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 OPERATING camcrsmsncs .
o Env{ronmam Conditions (Quainﬁed L:fe) Senes EGPEMUETR
. PARAMETER: - : MIN, “HORMAL . BAX..
2 Temperature (’F} 40 70-104 1568
- Mumidity (R.H. %) - 10 T 40-80 85 W
‘: pmm . - "y - Ammm — b
- Radiation {rads) - - 20x10® (Gamma)
" Operating Conditions, Normal Environment — Se'mes EGPIEMUETR _
: - HORMAL OPERATING SPECIRCATIONS ' WITHOC COILS , WITH AC COS -
o T 318 £ - £GP - ETR
Conopemﬁng Voltage, Nominal {rated)* As Spec. As Spec. AsSpec.  As Spec. As Spec.

. Pullkin (% of rated value) 80% Min, . 85% Min, 80% Min. 85% Min, 85% Min..
Drop-out (% of rated valug). . - 545% . B5%Min. 545% 545% . 550%
Continuous (% of rated value) 110% Max..  NA 190% Max.. . 110% Max:. . 110% Max.:
Power (Walts at raled valus) :

Pulldn: 6 Apprx. 15 Appnt. 6 Apprx. 8 prx 8 Apprx.
Drop-out - NA 13 Appnt. - NA NA
Relay Oparate Time - 30ms Max..  25ms Max.  NA 35maMax NA . .
E With min. tateh.
puise of
; 35 ms.
Relay Release (Recytis) Time 25 ms Max. ﬁgtsnﬂax. 75msMax. 85ms Max: 75 ms Max.
mif
{ latch
v pulse of
b 30 ms.

Caontact Ratings, Contiruous
Resistive at 125 vde . 1.0amp. 1.0 amp. 1.0 amp: 1.0 amp. 1.0 amp.
Rasistive at 120 vag, 60Hz: - - 10.0 amp. 10.0amp... 100amp. 100amp.- 10.0amp.

insulation Resistance {in megohms at 500 vde) $00 Min, 500 Min: £00 Min. 500 Min: 500 Min..

Dicloctric (vims, 60 Hz) : '

~ ‘Batween Terminals and Ground 1,500 1,500 1,500 1,500 - 1,500
Betwesn Non-connacted Terminals - 1,500 1,500 1,500 1,500 1,500

~Repeat Accuracy - NA NA =5% NA . =5%

Operating Canditions, Abnormal Erwironment — Series EGP/EML- ’

. ADVERSE OPERATING SPEBIFICATIUNS " HORMAL D8 A" 08 “8” pg“c® 08 “D"

Temparature (°F) 70-104 - 40 120 145 156

Humidity (R.H. %) - .. 40-60 - 10-85 10-85 10-85 1085

Coil Operating -Vonaga: (% of rated) * :

. AC {Series EGP only) 85-110 - 85110 85-110 85-110 85-110
DC (Saries EGP only) 80-110 80-110 80-110 80-110 80-110
DC (Saries EML anty) 85-110 85-110 85-110" 85-110 85-110

Relay Operats Tima (ms)’ : .

. AC (Series EGP onty) 35 Max. 35 Max.. 35 Max. 35 Max, 35 Max.
DC (Series EGP, Series EML) 30 Max. 25 Max.. 37 Max. 40 Max:. 40 Max..

. Operating Conditiona, Abnormal Environmant — Series ETR
AUVERSE OPERATING SPECIFICATIONS . WITH DE COILS WITH AC COILS
Coll Operating Voltage (rated)® As Spec.: As Spec.
Pulln {% of rated value) 80% Mh. ¢ 85% Min:
Continuous (% of ratad value) 110% Max. 110% Max.
Drop-cut (% of rated value) 5-45% 5-50% -
Power (Watts at raled valus): 8 Apprx. 8 Apprx. -

~ Pelay Release (Recycie) Time 75 ms Max. 75 ms Max.

Contact Ratings, Continuous
Raslistive at 125 vdc . 1.0 amp. 1.0 amp.

Reslstive at 120 vac, 60 Hz 10.0 amp. 10.0 amp.
Hepeat Accuracy =10% ' 10%

* Al o0ils may be operated on intermittant duly cycles at vohages 10% above listed maximums
{Intermittent Duty =« Maximum 50% dufy cycle and 30 minutes *ON” time.)
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'CONTACT RATINGS —
Serles EGPEMUETR

' Contact Capacity in Amperes (Resistive)

" Contact: Min. 1,000,000
Yoltege Opsrations -
24 vdc 10.0 amps
128 vde 10amp
120 vac, 60 Hz- 10.0 amps
240 vac‘. 60 Hz 75 amps v
, CONTACT RATINGS, UL —
Serles EGP/EML Only
- Conlact ratings as listed under the
Undarwriters Laboratory Co

. Recognition: Program.: (Two poles per bad),
© 143 Horsepower, 120 vac..

© 10'amps, General Purposs, 240 vac
120 vde, 1.0 amp:

MECHANICAL LIFE —
Series EGP/EML/ETR
1,000,000 machanical opérations

'APPROXIMATE WEIGHT —
Serles EGP/EML/ETR
1, ¢

!

TRANSIENT PROTECTION —
Series ETR Only

A 1500 voh transient of lass than 100. .
microseconds, or 1000 volts of lass than 1 .
millisecond will not aect timing accuracy.

TIMING ADJUSTMENT —
Series ETR Only

Itemal Fxed -,

Intemal Potentiometer

TIME RANGES —
Serles ETR Only
15103 Sec.
551015 Sec.
11030 Sde.
210 60-Sec. -

410 120 Sec. .

.. 10 to 300 Sec. -
2 to 60 Min. -
1 to 30 Min.

REPEAT ACCURACY -

Series ETR Only:

The rapeat accuracy daviation (Ag) ot a
time-dalay relay is a measure of the maxi-
mum devigtion in the time-delay that will be:
experignced in five successive oparations.at
any particular ime setting of the relay and:

over the oparating voltags and temperaturs .-
range specitied: Repeat accuracy is obtained' :

fromthe fouwnng formuta:-
Ag = 2100
Where ~

T; = Maximum Time Delay
T; = Minimum Time Delay

(71'*'72)

I48 IELHNILAL SERVICE -

REPLACEMENT SCHEDULE -
Serles EGP/EML/ETR

.- The qualified life of these relays Is 25,000
: e!ecmcamperauonsmmyeamtmmmadata
. of manufacture, whichgvar ooccurs first. |

- The-date of manufacture can ba tound in the

first four (4} digits of the serial numbar on the
nameplate;

. b ¢ S ¢ ¢
First two digits indicate the :
yoar. ...
Secand two digits indicate the -
woek.

EXAMPLE

. Inthe date cods “7814" below:
_“78" indicates the year 1978;
*14”" indicates the-14th week

(or April 3 through Apsil 7).

MODEL

CcoiL 125VDC

SERIAL -

78140028°

Thomas & Betts Corporation
Memphis, TN 38119

NOTE

]

- Amerace Corporation dogs not recommend

the use of its products in the containment®
areas of Nuclear Power Generating Stations:

No. 0854

B

/

£

9

15




JUL L1 LYY9E TUDSZAM  TXB TECHNIGAL SERVICE S No. Ugbd i’," 178

SERIES EGP EML and ETR | |  Allgimansians in inches

1 _ a8l
5.51 MAX. " s —a—

] 788 || AR

3.49
MAX..

-r_—J T . | | %@“
E——— e A A
RIF._ _/

.156 DIA; MTG.: HOLES / S
(MTG. SCREWS SUPPLIED BY CUSTOMER)

-~ Qualification tested In the horizontal position, mounted in socket ECR0001-001
{captive-clamp terminals) or in socket ECR0002-001 (screw terminals) with lacking straps ECR0133.

< 3.47 L 5.56 MAX:
1 p—2 5 . |ese—— 48 REF.

1200 DIA. MTG.

/‘ ROLES {2 PLACES) | o

o {MTG. SCREWS

SUPPLIED BY ﬂ .
- CUSTOMER) [ l -E ,
- 1.48 REF. ~ ,
Qualification tested in the horizontal position; mountad in socket ECR0085-001
{screw terminals) with locking strap ECR0155.

Sarles EGP, EML and ETR AGASTAT® L
control relays must ba mounted In the

horizontal position; performance- .

specifications of thesa units are valld only -

when they are mounted as lndicated in

elther of the above drawings:
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- CATALOG NUMBER CODE — Series EGP and EML

NUCLEAR AGASTAT® COIL VOLTAGE CONFIGURATION

SAFETY [ CONTROL CODE"
RELATED "RELAY MODEL :
= v~{JODE o CODE - CODE CODE
E GP — Power A ~12VDC 003
e oo 830
ML — Magnetic pc &~
D - 125VDC
Laich - E—-110VDC

F ~ 250 VOC (Series EGP Only)

| G — 24 VAC 80Hz (Series EGP Only)
Y H — 48 VAC 60 Hz (Seriea EGP Only)
1 — 120 VAC B0 Hz (Senas EGP Only)

| = 220 VAC 60 Hz (Series EGP Only)

*CONFIGURATION CODE - .
Tha Configuration Coda is a suffix to the: -
Catalog Number Code which provides a -
maans of identification. When a significant
‘ product change is introduced; the
! Configuration Code and spacification’
shoets will ba revised from 003 o 004, atc. -

CATALOG NUMBER CODE ~ Series ETR

NUCLEAR = AGASTAT® = OPERATING TIMING TIME CONﬁGUHATION

SAFETY CONTROL . VOLTAGE ADJUSTMENT RANGE coDe*
RELATED  RELAY MODEL ’ :

CODE CODE CODE 'CODE: c

ODE CODE
E TR14 — Time "B - 23VDC 1 - Intemnal A'-i151038sec. R <
Delay oc D - 125VDC Fixed B — 551 15s6c.
Ralay — 3 Ln;gnai g—noSOsec; ;
{Dslay. ntiomater - — 210 60 sec,
Pull-in): " ) G ~ 10 to0 300 sec.
| = 21060 min. .
N — 11030 min.
L3
*CONFIGURATION CODE
Tha Configuration Code is a suffix 10 the
Catalog Number Code which provides a -

means of identification. When a significant
product change is introduced, the
Configuration Code and specification sheels
will ba revisedfrom 003 to 004, etc.

17
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Product]

.c::de-l ’

'Relay Classifications

cmgma

No, Ubbéi:

P85 TEUHNIUAL SEKVIUE,

E7000
EGP

EML

ECRO001
ECF0002
ECR0095.
ECR0133

ECRO155

Contains all materials present
in original qualification testing.

Contalns all materials present
in original qualification testing.

Conféins all materials present
in original qualification testing.

-

Contains all materials present
in original qualification testing.

Contains all materials present
in ariginal qualification lesling.

Contains alfl materials present
in original qualification testing.
:Comalhs_aﬂ matédals pregent
in original qualification testing.

‘Contains all materials present
In original qualification testing.
Contalns all inaterials prasent
in original qualification testing.

'Sept. 1981 - Elastomer gaskel mate-
- rial change to improve thermal aging

propertles. Material changed for
Buna N or Neoprens to Neoprene
only. E
Nov. 1981 - Material change to coll
wrapping tape and lead wire insula-
tion to improve thermal life.

Nov. 1981 - Material change fo coll
wrapping tape and lead wire insula-
flon to improve thermat life.

Nov. 1981 - Materlal change to cofl
wrapping tape and lead wire insula-
tion to Improve thermal life.

June 1989 - material changs from
Noryl N-225 std. biack to Nory! SE-I-
701AA black.

June 1989 - material change from
Notyl N-225 std. black to Noryl SE-I-
701AA black.

-

March 1989 - Paint change to tim-
ing head portion of relay. New
paint: Sheiwin Williams E61YC37
primer and PPG W48392 sliver
polyester top coat.

Dec.. 1987 - Material change on
leaf spring. from nickel copper to
beryliium copper. ‘

»

‘Dec. 1987 - Material Ehange on

leaf spring from nicke! copper to
beryllium copper.

| Dec. 1987 - Material change on

leaf spring from nickel copper to
beryllium copper.

L bin from Nylon Zytel 101 to Rynile

Dec. 1881.- Paint changs to timing
head portion of relay. New paint:
Prime coatings No. 28032 Enamel.
No primer is used with this finish.

.

Dec. 1995 - Materia! change on bob-
bin from Nylon Zytel 101 to Rynite
FR530. Material change on base
from Melamine Phenolic to Grilon
PMV-5HVO.

Dec. 1895 - Material change on bob-

FA530. Material change on base
from Melamine Phenolic ta Grilon
PMV-5HVO.

Dec. 1995 - Material change on bob-
bin from Nylon Zytel 101 to Rynite
FRAS530. Material change on base
from Melamine Phenolic to Grilon
PMV-5HVO0.
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Section 1
SYSTEM DESCRIPTION

The Load Shedding and Sequencing Panel is a solid-state digital system
which monitors bus voltages, offsite power sources and accident éonditions,
and through appropriate coincident logic, initiates operation of the diesel
generators, selects alternate power sources, and provides logic for the
sequential loading of the vital buses. '

Each LSS Panel contains separate and independent breaker control circuits

“and safeguard sequencers with both Manual and Automatic Test capability. Solid-

state circuits are utilized for all system logic anditiming functions while
keeping equipment compatible with existing équipmént by using input and output
buffering relays.



\ . , , . ‘
‘ | | | ‘

Section 2
THEORY OF OPERATION

Each LSS Panel monitors four potential transformer voltages via bistables
and combines them to detect valid bus undervoltage (BUV)’conditions, and moni-
tors LOCA inputs to detect an accident condition. Upon either BUV or LOCA

condition, loads from the vital plant bus are shed, incoming power source

. breakers are tripped if a BUV exists, and selection of and connection to a

preferred or alternate power source (offsite or diesel generator) is made.

Upon restoration of vital bus voltage, one of three independent loading sequences,

depending on preceding inputs, is selected to sequentially load the vital ESF
bus with appropriate safety equipment. The three sequences are for a BUV con-
dition only, a loss of offsite power (LOP), and a LOCA condition, respectively.

A BUV sequencé is initiated after a BUV condition has been detected, loads
shed, incoming breakers tripped, and bus voltage restored via connection of the
offsite power source to the vital bus.

A LOP sequence is initiated after a BUV condition has been detected, loads
shed, incoming breakers tripped, and bus vdltage restored via connection of the

ESF diesel generator to the vital bus after determination that no preferred

offsite power source is available.

A LOCA sequence is initiated after a LOCA conditionbhas been detected,
loads shed, and vital bus voltage made available via connection to the preferred
offsite power'sourée or diesel geherator if a BUV condition simultaneously
existed. ‘

LSS Panel operation is functionally depicted on Vitro drawing 2699-1001,

Function Logic Diagram, LSS Panel.



Section 3
SERVICE CONDITIONS

Each LSS Panel is designed to operate continuously at an ambient temper-

ature of 80 *40°F without forced ventilation and a relative humidity not to

exceed 90 percent. The equipment is designed to operate from two Power Sta-
tion sources, 125 V dc ESF (IE) and 125 V dc BOP (non-IE). The panel require-

ments on these sources are as follows:

BOP

REQUIREMENTS ESF
Voltage: 105-140 V dc 105-140 V dc
Grounding: Ungrounded Ungrounded
Current drain @ 125 V dc,
Typical (standby condition) 1A 100 MA
Maximum (activated condition) 3A 500 MA

LSS Panel Fusing:

7A (slow blow)

none provided




Section 4
CIRCUIT DESCRIPTION

As shown in figure 1, LSS Panel - ‘Block diagram, each LSS Panel includes
input and output relays and digital isolators, system logic, and control,

bistable, and power supply panels.

4,1 INPUT RELAYS

External equipment supplies inputs to the LSS panel and form A contact clo-
sures to complete a 125 V dc circuit that actuates an input interface relay. Input
relay contracts, in turn, are connected directly into logic circuits, thus‘prd—
viding a protective interface between external equipment and LSS panel system
logic. Selected input relay contacts are wired to provide simple logical
OR-ing or AND-ing of inputs, such as the LOCA inputs, and the OFFSITE POWER
AVAILABLE inputs. Input relays are General Electric Type 35AA relays rated at
a coil resistance of 10,000 ohms #*15 percent at 77°F,bwhich will result in a

maximum coil current of 17 MA at 140 V dc.

4.2 BISTABLE PANEL

The Bistable Panel provides the interface required for monitoring the
four potential transformer inputs. Each potential transformer input is first
fused and then applied to the primaries of step-down transformers. The second-
aries are in turn connectedbdirectly into the bistable circuits of the system
logic. The loading of the Bistable Panel on the potential transformer
input is monitored by a panel meter on the front of the Bistable Panel, each
with a scale reading of 0-150 V ac, *3%. In addition, a test jack, calibration
switch, and potentiometer is provided for each input to be utilized for bistable
trip point adjustment and Manual Test operation to simulate input bus under-

voltage conditions.
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4.3 SYSTEM LOGIC
The LSS Panel system logic is realized utilizing solid state high thresh-

old type logic, (HTL and CMOS), which provides superior noise immunity.

4.3.1 INPUT BUFFER LOGIC. The input buffer logic accepts contact inputs
from the input relays, provides contact debouncing, distinguishes between
real inputs and Auto Test inputs, and provides conditioned logic level signals

to the balance of the system logic.

4.3.2 BISTABLE LOGIC. The bistable logic accepts three AC signals from each
potential transformer via the Bistable Panel, for a total of twelve signals.
These signals are applied to twelve Bistable Cards with trip point settings
of nominally 70%, 80%, and 90% of 120 V ac for each of the four potential
transformer groups. Each of the bistable card trip outputs are logically com-
bined with the other like tfip outputs in a two-out-of-four taken twice fashion
and then applied to field programmable time delays before being applied to the
balance of the system logic. Any one of twelve bistable trips results in a
control signal which inhibits the Auto Test function.

The trip point of any bistable card may be adjusted from 65% to 95% of
120 V. ac by means of a multi-turn potentiometer on each card and will maintain
a long term accuracy of *1% of initial setting. Each bistable card has a nom-
inal time response of 20 milliseconds and a hysteresis band not to exceed 1% of
120 V ac to minimize false trips and/or resets. To facilitate trip point
adjustments, an LED is located on each bistable card and indicates a trip of

that signal channel.

4.3.3 OPERATING MODE LOGIC. The operating mode logic provides the system mode
decision logic. It accepts buffered system inputs, bistable trip signals, and
Manual Test inputs, and provides appropriate computer or annunciator logic sig-
nals, ESF logic signals, and control signals for the balance of the system
logic. Among the decisions made by this logic are the proper sequencer mode,
initiation and-termination of selection of an alternate ESF bus power source,
determination of a permissive for Manual and/or Automatic testing modes and

appropriate system resets upon any system mode change. The operating mode.



logic locks out Manual and Automatic test functions upon the recognition of
selected system inputs which constitute an emergency condition and resets the

system from any test state so that the system may respond properly to the real

input.

4.3.4 SEQUENCER LOGIC. The sequencer logic provides'three independent loading
sequences depending on the operating mode command. The BUV and LOP loading
sequencers provide for six output loading steps while the LOCA loading sequencer
provides for five output loading steps. The step time for each sequencer step
is field programmable and may be adjusted from 0 to 99 seconds in one second
increments. Each step output provides for two types of output loading

signals, a maintained and a momentary. Maintained loading signals are all ini-
tially operated upon the occurrence of a BUV or LOCA condition.  Upon the ini-
tiation of a loading sequence the signals are then reset at their appropriate
step time. Momentary loading signals are initially operated at their respec-
tive step time and remain operated for a field programmable time duration.

This momentary time may be adjusted from 0 to 0.9 seconds in 0.1 second incre-
ments. Thus, at the conclusion of a loading sequence, all output steps shall

be released (except step number 6, maintained outputs upon a LOCA sequence).

4.3.5 BREAKER CLOSING LOGIC. The breaker closing logic functions to select an
alternate power source for the vital bus in the event of a bus-undervoltage
condition. Four alternate sources are polled sequentially on a priority basis.
They are, in order, three offsite power sources and the diesel generator. If
an offsite power source is available, a 0.5 second momefitary output signal is
generated to operaté the respective breaker. If bus voltage is not re-estab-
lished within one second, the next in priority power source is selected and
a similar momentary signal generated to operate its respective breaker. This
search technique continues until all three offsite sources have been polled .
without success, at which time a signal is generated to close the diesel genera-
tor breaker. If any offsite power source is not available, it will be skipped
over during the search.

Division II panels only provide for the interchanging of priority between

the first and second offsite power sources. Four system inputs to Division II
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panels determine the proper priority. The presence of a Normal Priority input
or the presence of an Auto Priority input coincident with both Service and
ESF Transformer Breakers Closed inputs will result in a normal priority of

power source search. Otherwise, priority will be interchanged between the first
and second offsite power sources.

4.3.6 OUTPUT TEST AND BLOCK LOGIC. The output test and block logic. electron-
ically blocks output ESF signals when in a Manual Test mode. In addition,
outputs may be selectively operated in a Manual Test mode to verify relay oper-

ation and wiring continuity. Upon any emergency condition, the output test and
block logic is disabled.

4.3.7 RELAY DRIVERS. Solid state relay drivers are utilized to provide the
increased drive required by output relays. The relay drivers provide open col-
lector outputs with voltage suppression diodes to reliably drive the inductive

load presented by a relay coil.

4.3.8 AUTO TEST LOGIC. The Auto Test logic provides the capability to test
the LSS panel continuously while in a standby condition, thereby maintaining

a high degree of reliability. For a detailed description of this function,

refer to paragraph 8.2.

4.4 OUTPUT RELAYS

Each LSS panel provides output relays to interface with safety equipment.
Relay contacts provide isolated electrical outputs used for starting, tripping,
and blocking ESF and BOP safety equipment as well as for remote computer and
annunciator signals. All output relay contacts are form C, and wired to the
output terminal blocks. Three types of output relays are utilized. They are
for computer/annunciator outputs, ESF outputs, and BOP outputs.

The computer/annunciator outputs utilize GE type 3SAA relays operated off
the 24 V dc internally produced supply voltage. The output contacts are capable
of making and .carrying 10A at 125 V dc and will break 0.5 A resistive at 125
V dc. |

The ESF output relays are Agastat type GPB operated off. the panel 24 V dc
supply with nominal contact rating of 10A at 120 V ac.
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' The BOP output relays are Agastat type GPD operated off the external
125 V dc BOP power source and with similar contact rating as the GPB relay

above.

4.5 DIGITAL ISOLATORS

Inputs and outputs requiring BOP to ESF isolation utilize digital isola-
tors. A digital isolator consists of a light source and light dependent
resistor enclosed in a metal case and mounted in a metal barrier within the
panel, which also encloses the BOP reiays and terminal blocks for connection to
external BOP devices.

For BOP inputs (Division II only) an input contact closure completes a
circuit containing the digital isolator light source and a dropping resistor
across the 125 V dc BOP power source. The light dependent resistor supplies
an isolated signal directly to the system logic.

For BOP outputs, system logic signals control the digital isolator light
source. The associated light dependent resistors are wired in series with
BOP output relays across the 125 V dé BOP power source, causing relay operation
when in a low resistance state.

In addition to BOP inputs and outputs, one digital isolator circuit is
utilized in a configuration similar to the BOP inputs less the input contact,
and supplies a signal to the power supply panel to indicate presence of the

125 V dc BOP power source.

4.6 CONTROL PANEL
The control panel contains local indicators for observing panel status and
test switches for manual and automatic test functions. A description of the

control panel functions may be found in paragraph 7.1.

4.7 POWER SUPPLY PANEL ’
A description of the power supply panel may be found in paragraph 5.2.



Section 5
CABINET DESCRIPTION

Each LSS panel is housed in a separate independent, free-standing, two-
bay cabinet (see figures 2 and 3), weighing approximately 1800 pounds. The
cabinets are 90 inches high, 58 inches wide, and 36 inches deep.

Each cabinet has two hinged front doors with keylocks. The doors are
louvered to provide natural ventilation. The left door is constructed with a
safety glass insert permitting continuous status observation of the control
panel and bistable panel. An engraved lamicoid nameplate is located on the -
front of the cabinet.

All ESF electronic portions of the LSS panel are located in the cabinet
electronics bay. Relays are mounted within this bay and panel assemblies are
mounted in a swing-out panel in the bay. All terminal blocks for Power
Station interconnection are located in the cabinet terminal bay. In addition,
the metal barrier enclosing all BOP devices is mounted toward the rear of the
terminal bay. Each LSS panel is provided with two removable plates at the

top of the terminal bay for top entry of Power Station ESF and BOP cables.

5.1 CABINET ASSEMBLY
An LSS panel assembly (see figures 2 and 3) contains the following:

Control Panel Assembly

o W

Bistable Panel Assembly
Card File Assembly

a0

Power Supply Assembly
Relays
Digital Isolator Assembly

Isolation Barrier

0o M O

Terminal Blocks.

10
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ure 2.

LSS Panel - External View
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igure 3.

LSS Panel
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Internal View
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5.2 CABINET ASSEMBLY|DETAILS

For cabinet assembly details, see callouts in figures 2 and 3. The con-
trol panel (A), as shpwn in more detail in figure 4, contains Switches which
provide control and test capability and indicators which display system status.

The bistable pan%l (B), as shown in more detail in figure 5, contains
panel meters for monitoring potential transformer inputAvoltages, and test
jacks, calibration switches, and potentiometers which provide the capability
for calibrating each bistable channel and manually testing the bistable cir-
cuits. In addition, $tep down transformers are provided and utilized to iso-
late the input potential transformer voltages from the balance of the system.
The potential transformer inputs are fused for protection.

The card file assembly (C), as shown in more detail in figure 6, contains
a three-tiered printed circuit card file which houses all PC cards and a lower
connector panel containing jacks which mate with connectorized cables from the
balance of the cabinet. Each jack and plug is uniquely keyed to ensure cor-
rect mating. The card file has card guides and positive locking ejectors for
installing and securiﬁg PC cards into the card file slots, and PC card edge con-
nectors. All card fiie wiring is by wire wrapping of PC card edge connector
pins and connector jaék pins. The PC cards contain the solid-state electronic
components for the LSS panel system. The card file assembly contains 85 PC
cards representing 18Edifferent PC card types. Each PC card type is uniquely
keyed with the card eége connectors for that type, thus preventing incorrect
placement of PC cards{ For part numbers, quantities, and locations of all
printed circuit cardsérefer to Vitro dfawing 2699-1015, Card File Assembly.

The power supplyiassembly (D), contains a 24 V dc power supply and a
15 V dc power supply.i An ON/OFF cylinder lock switch is provided to control
the panel 125 V dc Esﬁ power source. Two red neon pilot lights are provided
to monitor the input 125 V dc ESF and BOP power sources. Due to isolation
requirements, the BOPjpilot light is powered from the ESF power source, and
therefore, will only éive indication of BOP power source status when the ESF
power sourcé is availéble. In addition, electrical protection is provided by
indicating fuses installed in each leg of the 125 V dc ESF power source and by
transient protectors installed across the ESF power source. The 24 V dc power

|
supply is used to power all control panel indicators, ESF output relays, and

13
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Figure 6.

PC Card File
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computer/annunicator output relays; the 15 V dc power supply is used to pdwer

the solid state electxonics. The fused 125 V dc ESF power source is used to .
power all input ESF rélays. The power supply assembly also contains control
relays which provide §equentia1 application and removal of all supply voltagés
during powering up and down of the LSS panel.
Four differént varieties of relays (E) are utilized in the LSS panel.
ESF input and computef/annunciator relays are located in a single vertical row
on the inner side fraﬁe of the electronics bay section of the cabinet. ESF ‘
output relays are 1ocqted in five horizontal tiers across the rear of the K |
electronics bay. BOP output relays are located in a tiered vertical row along
the left inner side of the isolation barrier in the cabinet terminal bay.
The digital isolator assembly (F), contains all digital isolators, associ-
ated dropping resistoés, and terminal blocks for wiring connections. It is
located in a cutout on the left inner side of the isolation barrier toward
the top of the cablnet
The isolation barrler (G) is located in the rear of the cabinet term1na1
bay and encloses all BOP relays and term1na1 blocks.
Terminal blocks (H) facilitate connectlng each LSS panel to external equip-
ment. ESF terminal bLocks are arranged in six vertical rows. Three rows are
located on each side 6f the cabinet terminal bay section. BOP terminal blocks
are arranged in one vertlcal row within the 1solat1on barrier located in the

rear of the terminal bay

i 17



Section 6

} INSTALLATION

Each LSS panel shall be installed in accordance with Vitro drawing 2699-
‘ :

1000, Outline Dimensions and Foundation Requirements. All LSS panel input and

output signals and piimary power wiring connections shall be in accordance
|
with Vitro drawing 2699-1004, External Wiring Connections.

18
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Section 7
LSS PANEL OPERATING INSTRUCTIONS

ﬁs energized and the Auto Test switch positioned to ON,

LSS panel operation is completely automatic and requires no operator interven-

Once an LSS panel

tion. An LSS panel does, however, contain controls, indicators, and adjust-
ments to permit test, maintenance, status monitoring, and trip points and system
timing adjustments. Th% above features are available in the following forms:
control panel switches iand indicators, bistable adjustments, time adjustment
switches, and dc power Fontrol.
7.1 CONTROL PANEL SWITCHES AND INDICATORS

The control panelé(see figure 4) provides a centralized 1oc§tion for test
and monitor functions. éControl panel switches and indicators are listed and

described in table 1. |

|
Table 1. Control Panel Switches and Indicators

INDICATOR/SWITCH FUNCTION

EMERGENCY STATUS
(.
BUV indicator ; Lights when a real emergency only 70% bus
| undervoltage is detected.
i
l

Lights when a real emergency only LOCA condi-
tion is detected.

LOCA indicator

POWER RESTORED indicétor Lights when bus voltage is re-established after

| a bus undervoltage condition. This function
is indicated under real emergency or manual
test conditions.

STANDBY indicator | ' Lighted continuously under all non-emergency
conditions; indicates a permissive for manual
or automatic test functions.

19
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Table 1. Control Panel

Rev.

Switches and Indicators (Continued)

INDICATOR/SWITCH

FUNCTION

OFFSITE POWER AVAILABLE

1, 2, 37indicators (3)

BREAKER STATUS
INC BRKR CLOSED indicators

f

DG- BRKR CLOSED indicator |

BREAKER CLOSURE FAILURE
indicator :

BREAKER CLOSURE PRIORITY
CHANGED indicator
(DIV II only)

MANUAL TEST | ¥

TEST MODE indicator

BUV, LOCA, RESET, .
INC BRKR CLOSED, 1
DG BRKR CLOSED,
OFFSITE - SOURCE
UNAVAILABLE 1,2,3
Switches (8)

Lights when associated offsite power source
is available for use; indicates a permissive
for associated breaker closure signal upon
a BUV condition and an alternate power
source search function.

Lights when one of three incoming breakers is
closed connecting an offsite power source to
the vital ESF bus.

Lights when the diesel generator is connected
to the ESF bus via the closed DG breaker.

Lights when a bus undervoltage has existed
for a predetermined time between 10 and 19.0
seconds indicating that an alternate power
source has not been connected to the ESF bus.

Lights to indicate priority change between
first and second offsite power sources for
purpose of alternate power source search.

Lights to indicate a test mode command input
has been detected. This in conjunction with
a STANDBY indication constitutes a permissive

" for manual testing.

These eight switches are utilized for manual

testing by simulating the indicated input
function to the panel.

20
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Table 1. Control Panel Switches and Indicators (Continued)

INDICATOR/SWITCH

FUNCTION

AUTO TEST ;
1
|
\

TEST STEP display

ON, BLOCK/RESET switch
|

1

ESF OUTPUT STATUS

indicator and switch pairs
(10 pairs listed below)

oe

90% BUV

|
80% BUV i

70% BUV
LOP

LOCA

LOAD SHED

CLOSE BRKR 1,2,3

Displays the automatic test step in which a
malfunction has been detected.

‘Provides functional control over the auto-

matic test circuits as indicated.

‘Indicators light indicating that the

respective output logic signal is detected.
Operation of the switches causes the re-
spective output relays to be operated if in
an output manual test, mode.

A maintained output indicates a 90% bus
undervoltage condition has been detected
before a 70% bus undervoltage condition may
have been detected. A momentary output for
less than 1 second indicates a 70% bus
undervoltage condition detected first.

Indicates an 80% bus undervoltage condition
has been detected under the presence of a
LOCA condition without a 90% bus under-
voltage condition detected.

Indicates a 70% bus undervoltage condition has
been detected.

Indicates no offsite power sources are avail-
able for use. .

Indicates a LOCA condition detected.

Indicates momentary output upon detection of a
BUV or LOCA condition.

Indicates momentary outputs to close respec-

tive breakers upon a search function for
an alternate power source.

21
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Table 1. Coqtrol Panel Switches and Indicators (Continued)

|
INDICATOR/SWITCH FUNCTION

CLOSE DG BRKR i Indicates that a LOP condition exists, an
PERMISSIVE 3 alternate offsite power source search has

failed, or a 90% BUV output exists all under
’ : a BUV condition.

OUTPUT STEP STATUS
indicator and switch Indicator and switch pairs associated with

pairs (10) ! loading sequencer step outputs functionally
equivalent to the ESF OUTPUT STATUS pairs.

|

7.2 BISTABLE ADJUSTMENTS
\

.

The proper operation of the bistable functions in the LSS panel and,
therefore, in the Powér Station safety system requifes accurate settings of
all bistable trip poi%ts. The input calibration adjustments may be utilized
to facilitate making %ccurate trip point settings. ‘
7.2.1 INPUT CALIBRATﬁON. Input calibration of potential transformer inputs
may be accomplished at the bistable panel. Input levels may be monitored
locally by the panel meters provided on the front of the panels. However,
these meters have an éccuracy of only +3 percent and, therefore, are not recom-
mended for trip point;adjustments. Monitor jacks are provided on the panel for
monitoring input leveﬂs with a more accurate voltmeter when making trip point
settings. A test cabﬂe is provided as an accessory for this purpose. To cal-
ibrate an input level, the following procedure is recommended:

a. Connect a voltméter to the desired potential transformer monitor jack
with the test cable pfovided. If a vacuum tube voltmeter (VTVM) is used, which is
recommended, allow atileast 15 minutes for voltmeter to warm up and stabilize.

b.. Place proper caﬁibration switch to ON. This will insert the potentiometer
located below the calibration switch in series with the associated potential
transformer voltage signal.

c. With the calibrgtion potentiometer fully clockwise, approximately 100%
of the input signal i% passed through. With potentiometer fully counter-
clockwise, approximatély 55% of the input signal is passed through. Adjust

potentiometer to the desired trip voltage for the bistable to be adjusted.

22




d. Set trip point on desired bistable as described in paragraph 7.2.2.

e. Readjust calibration voltage for next bistable and continue in this way

to set all three bistﬁble trip points off that respective potential transformer
signal.

f. Place calibratiqn switch OFF and repeat procedure on next potential
transformer signal. Continue until all bistable trip points:are set insuring

that no two calibrati#n switches are in the ON position at the same time.

7.2.2 BISTABLE TRIP POINTS. Bistable Trip Points may be adjusted utilizing
the following procedure.

a. Locate proper bﬂstable PC card in the first tier of the card file.

Each bistable card is listed by function in table 2, Bistable Card Trip
Point Adjustments. |

b. Set up desired ﬁrip point level using the calibration procedure of para-
graph 7.2.1. |

c. Observe LED on bistable card.. If it is lighted turn screw adjustment
on potentiometer locaéed directly below LED counter-clockwise until LED turns
off. A screwdriver tool is provided for this purpose. If LED is blinking,
ensure Auto Test switéh is placed to BLOCK/RESET.

d. Slowly turn scréw adjustment clockwise to precisely the point that the
LED turns on. The trip point for that bistable card is now set for the cali-
bration voltage leveliset up.

| NOTE
Due to éhort term changes in the potential transformer

voltages, cére should be taken to ensure that the correct

calibration!voltage is set up at the time of making the
trip pbint éetting.

Once a érip point has been set, it is valid only for the
slot the biétable card is in. If bistable cards are inter-
changed, trip points should be reset. All bistable cards

must be ins?rted in card file before trip points are set.

1
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STEP4  STEP3  STEP2(6) STEP1(5)

Figure 7. Step Card
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Figure 8. Time Delay/One Shot Card
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Table 2. Bistable Card Trip Point Adjustments

CARD FILE SLOT POTENTIAL TRANSFORMER NOMINAL TRIP POINT

PT1-@A | 70%

4 | PT1-PA 80%
! PT1-PA 90%

11 | PT1-#C 70%
12 | PT1-C .  80%
13 | PT1-@C o 90%
19 PT2-QA | 70%
20 | PT2-PA 80%
21 L PT2-PA 90%
27 | PT2-@C 70%
28 PT2-fC 80%
29 PT2-0C - 90%

NOTE

70% corresponds to 84.0 V ac
80% corresponds to 96.0 V ac

90% corresponds to 108.0 V ac

7.3 TIMING ADJUSTMENTS
All sequencer step times and various other panel timing functions are
field programmable,ﬁy closing the applicable PC card rocker switches. There
are two types of ti@ing PC cards:
a, Step Card No.éS (figure 7)
b. Time Delay/One Shot Card (figure 8)

26
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Table 3 lists all progr
for that function, the

the PC card for the timing function, and the step size corresponding to the

" incremental adjustmenf{for the function.

7.3.1 SEQUENCER STEPS.

quencer steps are locaéed on a Step Card No. 3 PC card. Figure 7 shows the

|
|

ammable timing functions, the type of PC card utilized.

slot location of the PC card, the setting location on

All time delay adjustments for the maintained se-

location of all adjust@ents on this card. To make the desired time delay

adjustments, follow thé procedures below:
N |
b.
pair includes a tens of seconds package and a units of second package.
c. ‘
to the desired number of tens of seconds, and close the appropriate switch on
the units of seconds péckage corresponding to the desired number of units of
seconds. Note that thé number '10' corresponds to a zero setting and the re-

maining numbers coincide with theAnumerical value of the setting.
|

Ensure all rocker switches are in the OPEN position.

Locate the proper pair of switch packages for the step desired. This

Close the appropriate switch on the tens of seconds package corresponding

é Table 3. Timing Adjustments
| CARD SETTING STEP SIZE
BUV Step 1 § Step Card No. 3 6 See fig. 7 1 sec
BUV Step 2 ; Step Card No. 3 6 See fig. 7 1 sec
~ BUV Step 3 f Step Card No. 3 6 | see fig. 7 1 sec
BUV Step 4 ; Step Card No. 3 6 See fig. 7 1 sec
BUV Step 5 | Step Card No. 3 7 See fig. 7 1 sec
BUV Step 6 } Step Card No. 3 7 See fig. 7 1 sec
LOP Step 1 % Step Card No. 3 8 See fig. 7 1 sec
LOP Step 2 | Step Card No. 3 8 | see fig. 7 1 sec
LOP Step 3 ‘ Step Card No. 3 8 | See fig. 7 1 sec
LOP Step 4 § Step Card No. 3 8 See fig. 7 1 sec
LOP Step 5 Step Card No. 3 9 See fig. 7 1 seg
LOP Step 6 Step Card No. 3 9 See fig. 7 1 sec
LOCA Step 1 Step Card No. 3 14 See fig. 7 1 sec
LOCA Step 2 Step Card No. 3 14 See fig. 7 1 sec
27
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Rev.
Table 3. Timing Adjustmenfs (Continued)

~ FUNCTION CARD SLOT SETTING STEP SIZE
LOCA Step 3 Step Card No. 3 14 See fig. 7 1 sec
LOCA Step 4 Step Card No. 3 14 See fig. 7 1 sec
LOCA Step 5 Step Card No. 3 15 See fig. 7 1 sec
Step 1 Pulse TD/0S Card 16 . | TD1 .1 sec
Step 2 Pulse TD/0S Card 16 | TD2 .1 sec
Step 3 Pulse TD/0S Card 16 TD3 .1 sec
Step 4 Pulse TD/0S Card 17 TD1 .1 sec
Step 5 Pulse TD/0S Card 17 | D2 .1 sec
Step 6 Pulse TD/0S Card 17 TD3 .1 sec
PT1-70% Trip Delay TD/0S Card 22 TD1 .1 sec
PT2-70% Trip Delay TD/0S Card 22 TD2 .1 sec
70% BUV Pulse TD/0S Card 22 | 1p3 .1 sec
PT1-90% Trip Delay TD/0S Card 23 TD1 1 sec
PT2-90% Trip Delay TD/0S Card 23 TD2 1 sec
70% BUV Delay 'TD/0S Card 23 | D3 .5 sec
Real LOCA Input Delay TD/0S Card 24 TD1 .1 sec
LOCA Delay TD/0S Card 24 TD2 . .5 sec
LOCA Pulse | TD/0S Card 24 | ™3 .1 sec
Close DG BRKR PERM. Delay f.TD/OS Card 25 TD1 et sec:

LSS FAILURE DELAY TD/0S Card 25 TD2- 1 seCE f

PT1-80% Trip Delay #1 | TD/OS Card, 25 TD3 1 sec '
PT2-80% Trip Delay #1 TD/0S Card 30 | D1 1 sec
PT2-80% Trip Delay #2 TD/0S Card 30 | TD2 .1 sec
| TD/0S Card 30 | TD3 .1 sec

PT1-80% Trip Delay #2

7.3.2 TIME DELAYS AND ONE SHOTS. Sequende step pulsed outputs and the re-

maining timing functions are located on Time Delay/One Shot cards.

card contains three switch packages désignated as TD1, TD2, and TD3, as shown

in figure 8. The procedure for making these adjustments is similar to that

for Step Card No. 3. However, the switch number on the appropriate package

28

A

Each TD/O0S



should be considered not to represent absolute time but rather the number of
incremental steps where the step size is as indicated in the last column of -
table 3, Timing Adjustments. The switch labeled '10' again corresponds to,

zero steps. For example, if it is desired to set the 70% BUV delay to three

-seconds, the TD3 switch package of the TD/0S card in card file slot 23 should

be set so that all rocker switches are open except the one labeled 6 (.5 SEC
X 6 = 3 SEC). ’

7.4 DC INPUT POWER ,

The ON/OFF power switch on the power supply panel provides on-off control
of primary ESF power only. No provision exists at the LSS panel to disconnect
BOP primary power. The BOP POWER ON indicator on the power supply is powered
from the ESF power source, and therefore will~always‘be off when ESF power is

off even though BOP primary power is within the LSS panel.

7.5 INITIAL START-UP
Operating an LSS panel requires no specific start-up procedure. The

following procedure, However, is recommended for initial system start-up for
each LSS panel:

a. Position Auto Test switch to BLOCK/RESET.

b. Position power supply switch to OFF.

c. Position all bistable panel switches to OFF and control panel manual test
switches downward to standby condition. |

d.  Ensure inputs and outputs are wired in accordance with all appropriate
drawings.

e. Make all system timing settings as detailed in paragraph 7.3.

f. Ensure all PC cards, connectors, and relays are installed and properly
locked in place.

g. Position power supply switch to ON.

h. Set all bistable trip points as detailed in paragraph 7.2.

i. Position Auto Test switch to ON.

The LSS Panel is now fully operational.
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Section 8
TEST FEATURES

Each LSS panel is designed to combine Manual Test with an overlapping

Automatic Test to verify LSS panel opefation.

8.1 MANUAL TEST

The Manual Test functions provide for simulating actual LSS panel oper-
ating conditions by simulating real panel inputs utilizing test switches on
the control panel, and verifying system status by observing control panel indi-
cators. An LSS panel is placed in a Manual Test mode by application of one of
two possible test mode inputs, PANEL or OUTPUT test mode. Either input allows
the panel to be tested by simulating inputs, and both inputs cause all ESF and
BOP outputs to be blocked, preventing operation of the output relays. In the
OUTPUT test mode, the ESF and BOP output relays may be selectively operated
utilizing the output test switches on the control panel.

In addition to the control panel MANUAL TEST functions, the calibration
devices of the bistable panel may be utilized for various Manual Test functions.
Bistable trip points may be approximately verified by applying a reduced
potential transformer voltage via the voltage adjust switch and potentiometer
pair to the associated bistable cards and correlating the bistable panel meter
voltage with a trip indication by the bistable card LED's. Only one potential
transformer channei should be tested at a time due to the two-out-of-four logic
nécessary for detection of an emergency condition.

The detection of any real input combination that constitutes an emergency
condition causes the Manual Test function to be locked out, the panel to be
reset from any previous test state, and the panel to then respond to the
emergency condition. Manual testing may not be resumed until the emergency
condition has ceased, and a remote system reset has been received.

To determine the proper system responses to any Manual Test function,

consult Vitro drawing 2699-1001, Functional Logic Diagram, LSS panel.
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8.2 AUTOMATIC TEST ’

The Automatic Tesf provides continuous LSS panel operation surveillance
from the logic input signals through the logic and counter stages, and up td
and including the relay driver outputs. The Automatic Test will not interfere
with Power Station system requirements nor cause any oﬁtput relay actuation
during'normal system operation. The Automatic Test continuously monitors the -
LSS panel and, upon an improper response, displays the step number of‘the
failed test, causes the Auto Test to be blocked from further operation, and
causes the normally operated LSS SYS FAILURE computer/annunciator relay to
release for femote annunciation of the failure, The Automatic Test may
be conveniently interrupted at any time by positioning the Auto Test switch
on the control panel to BLOCK/RESET.

The Automatic Test has two operating modes, an active one and a passive
one. In the active operating mode, the Auto Test generates Automatic Test
Inputs (ATI's) to simulate panel input signals and other internal test signals.
The system is then checked for appropriate Automatic Test Outputs (ATO's) from
panel relay drivers and other internal circuits. A high frequency clock signal
is substituted for the normal real-time clock signal to allow all system timers
to be timed out rapidly. The ATI signals are of sufficient duration to test
for proper system operation, but will not actuate output relays. An improper
response during the test initiates locai_and remote fault annunciation. In
the passive operating mode, the LSS panel is monitored for valid system inputs.
Upon a valid system input occurring, the Automatic Test halts the test sequence,
inhibits ATI's, and resets the Automatic Test circuits, allowing the system

to respond to the valid system inputs.

8.2.1 AUTOMATIC TEST CIRCUIT DESCRIPTION. The Automatic Test functionally
consists of the following:

Test Input Generator

Input Diode Matrix

Fault Logic

(o VO e B = A

Buffer Logic.
The Automatic Test may be initiated in two ways. First, it may be ini-

tiated by positioning the Auto Test switch on the control panel from BLOCK/
RESET to ON. Second, it may be initiated remotely if the Auto Test switch is
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already in the ON position by momentary application of a RESET input signal.
Either of these actioné releases the Automatic Test from a blocked state, and
allows the test input generator and the input diode matrix to simulate ATI's
necessary for the various tests. ’

The Automatic Test is designed to produce 60 test steps per cycle, test
steps 0 through 59. Test steps 0 through 9 take 100 msec each, and test steps-
10 through 59 take 10 msec each, for a total test cycle time of 1.50 séconds.
Each test step is divided into the passive and active operating modes. For
steps 0 through 9, the first 10 msec is passive and the last 90 msec is active.
For steps 10 through 59, the first 9 msec is passive and the last 1 msec is

active.

8.2.1.1 Test Input Generator. The test input generator utilizes a 10 KHz

clock signal to generate the sixty test step signals as well as associated

timing signals necessary for contol functions,

8.2.1.2 Input Diode Matrix. The input diode matrix accepts individual step

signals from the test input generator and applies the required ATI's to the
system for the desired tests. It inherently provides the diode isolation that

maintains the individuality of Automatic Test inputs and system inputs.

8.2.1.3 Buffer Logic. The buffer logic monitors various system output signals

and provides signal conditioning functions such as counting, memorizing momen-
tary signals, or inverting. It consists of inverter logic and memory circuits
necessary to convert system outputs to signals compatible with the fault logic

circuits.

8.2.1.4 Fault Logic. The fault logic monitors relay driver outputs via the
buffer logic to verify LSS panel operation. It is segmented to provide
individual decodes for each test step. During the active mode of a test step,
as Automatic Test inputs are applied, all applicable system output signals are
decoded to yield the proper Automatic Test output for the respective step.

At the very start of the final 100 usec period of the test step, the Automatic
Test output is sampled and stored. If a system fault existed in that step,

a fault condition will be initiated. This fault condition is sealed-in,
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annunciated remotély by the release 6f the LSS SYS FAILURE relay which is
normally energized, §nd annunciated locally by display of the test step

number in which the fault occurred. In addition to Auto Test failures, the
fault logic serves to annunciate a power supply failure, a clock failure in

the Clock Card, that the Auto Test switch is in the BLOCK/RESET position, that
the Manual Test function has been operated, or that a valid system input signal
has been received. In addition, the fault logic provides for local annunciation
that the Auto Test circuits are funcfioning properly in the form of a pair of
blinking points in the display which operates at a rate of one blink per

second.

8.2.2 OPERATING INSTRUCTIONS. When initiated and functioning properly, the
blinking points in the display provide the only local Automatic Test indica-
tion. The balance of the display is blanked. When a fault condition occurs,
the digital readout is energized and displays the test step number at which
the fault occurred. o

Upon detecting a fault, the LSS panel indicators and output equipment
status should be observed. Since some faults are self-annunciating (e.g.,
energized input or energized outputs), a simple status check may indicate
the fault location. '

Generally, the test number displayed indicates the test which the LSS
panel failed to pass. It must be recognized, however, that a system clock
failure can occur randomly in the Automatic Test sequence. In addition, since
the same system outpﬁts are monitored at many different times in the Automatic
Test sequence, the test at which an output fails may not necessarily be its
first appearance in the Automatic Test sequence. Therefore, after a fault
is detected and a test number displayed, resetting and restarting the Auto
Test simplifies the fault isolation by displaying the lowest test number in-
volving the failure. An Automatic Test display of "88" in general does not
indicate a system féult but rather indicates that the Auto Test is in a blocked
state because of one or more of the following conditions: ’

a. Control panel Auto Test switch positioned to BLOCK/RESET
b. A real input detected



c. Any single biétabie trip has occurred

d. System in a Manuag Test mode

e. Internal Emergency Condition memory is set.

The Auto Test circuits are locked out as long as any of the above condi-

tions continue to exist. Only after all the above conditions have been
cleared may the Auto Test be re-initiated. If the Auto Test had been locked
out by any of the conditions b through e above, so that the local Auto Test
switch is already in the ON position, the Auto Test may then be restarted
remotely by momentary application of the remote RESET input, which will first
reset the Emergency Condition memory and return the system to STANDBY,

and then restart the Auto Test upon its removal.

8.2.3 AUTOMATIC TEST SEQUENCE. After a fault has been detected, it is
necessary to isolate and repair the failed component. As indicated in para-
graph 8.2.2, some faults will be self-annunciating, thereby simplifying the
isolation procedure. The remaining faults are non-annunciating and require
Manual or Automatic Test features for detecting defective parts of the system.
Once an Auto Test fault is detected and a test number displayed, the test

details for the indicated test number can be obtained from tables 4 and 5.



r

S¢

Table 4. Automatic Test Sequence

STEP . ATO
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATI NO. SCHEM. LOC.
00 | Fault logic masking check None " None
01 | Standby state check for no outputs with real-time clock None 37D6
02 | Test bistables PT1-@A/70%, 80%, 90% 1 37B6 .
03 | Test bistables PT1-pC/70%, 80%, 90% 2 3746
04 | Test bistables PT2;¢A/70%, 80%, 90% 3 37A6
05 | Test bistables PT2-@C/70%, 80%, 90% 4 37D4
06 | Test for presence of 100 Hz real time clock; fast clock substitution 5l 37D4 -
07 | Test for presence of 20 Hz real time clock; fast clock substitution 51 37C4
08 | Test for presence of 10 Hz real time clock; fast clock substitution 5! 37C4
09 | Test for no ESF outputs with emergency condition permissive supplied | 32 37C4
10 1 out of 4 PT1-@A bistable trips; emergency condition not detected 6, 7, 36 37B4
11 1 out of 4 PT1-fC bistable trips; emergency condition not detected 8, 9, 37 37B4
12 |1 out of 4 PT2—¢A bistable frips; emergency condition not detected 10, 11, 38 37B4
13 1 out of 4 PT2-@C bistable trips; emergency condition not detected 12, 13, 39 . 37B4
14 Test 90% bus undervoltage via PT1PA and PT2¢A 6, 10 37A4
15 | Test 70% bus undervoltage via PT1fA and PT2¢A 7; 11, 20 37D1
16. Test 90% bus undervoltage via PT1¢C and PT2@C 8, 12 37C1

1 .
ATI 5 is maintained until reset after step 59.
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Table 4. Automatic Test Sequence (Continued)

STEP ' ATO
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATI NO. SCHEM. LOC.
17 Test 70% bus undervoltage via PTlﬂd’and éTZQC 9, 13 .37C1
18 |Test 70% bus undervoltage followed by 90% bus undervoltage 6; 7; 10, 11 37B1
19 | Test 96% bus undervoltage followed by 70% bus undervoltage 6, 7; 10; 11 37B1
20 Test 90% bus undervoltage with DG BRKR CLOSED 6, 10, 16 37A1
21 Test LOCA condition 14, 20 38D6
22 | Test for no ESF outputs without EMERG. COND. permissive 22, 23, 25, 26 38C6
23 | Test for no sequencer initiation without any breaker closure 15, 23 38B6
24 | Test for BUV and LOP sequencers enabled 23, 26 38B6
25 Test for no LOCA sequencer initiation without any breaker closure 15, 23, 25 38C4
26 | Test for LOCA sequencer enabled via INC. BRKR closure 23, 25 38C4
27 Test for LOCA sequencer enabled via DG BRKR closure 15, 23, 25, 2§ 38B4
28 | Test for no sequencer initiation via no power restoral 23, 25, 26 }

29 | Test for sequencer steps pulsed outputs and no maintained outputs 32, 33, 34, 35 38A4
30 | Test for no sequencer steps outputs without EMERG. COND. permissive 27, 33, 34; 35 38C2
31 | Test for step outputs via LOCA sequencer 27, 32, 33 38C2
32 | Test for step outputs via BUV sequencer 27, 32, 34 38B2
33 | Test for step outputs via LOP‘séquencer 27, 32, 35 38B2
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Table 4. Automatic Test Sequence (Continued)

\

STEP ATO
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATI NO. SCHEM. LOC.
34 Test for RESET input function 7, 11, 14; 20 .39D6
35 | Test for no ESF CLOSE BRKR odtputs without EMERG. COND. permissive 24 39C6
36 Test for LOP output 18, 19, 20, 24 39C6
37 | Test for CLOSE BRKR outputs 24, 32 39B6
38 Test for no CLOSE BRKR outputs with DG BRKR CLOSED 24, 26, 32 39A6
39 Test for no CLOSE BRKR outputs with 90% BUV 22, 24, 32 39A6
40 | Test for CLOSE BRKR outputs via OFFSITE SOURCE 3 17, 18, 24, 32 39C4
41 | Test for CLOSE BRKR outputs via OFFSITE SOURCE 1 18, 19, 24, 32 39B4
42 Test for CLOSE BRKR outputs via OFFSITE SOURCE 2 17, 19, 24, 32 39B4
43 | Test for no CLOSE BRKR outputs and LOP outbuts with no offsite 17, 18, 19, 39B4

sources available 24, 32
44 Test for CLOSE BRKR outputs priority changed 18, 19, 21, 39A4
‘ 24, 32
45 | Test for CLOSE BRKR outputs priority changed 17, 19, 21, 39D2
' 24, 32
46 | Test for panel test mode permissive 28, 29 39C2
47 | Test for panel test mode lockout via EMERG. COND. 16, 28, 29 39B2
48 | Test for output test mode permissive 30; 31 39C2
49 | Test for output test mode lockout via EMERG. COND. 16, 30, 31 39B2
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Table 4. Automatic Test Sequence (Continued)

u

STEP ATO :
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATI NO. SCHEM. LOC.
50 | Test 80% bus undervoltage via PT1@A and PT2@A 36',' 38 " 43B5
51 Test 80% bus undervoltage via PT1¢C and PT2¢C 37, 39 4 3B5
52 | Test 80% BUV output with LOCA 25; 36, 38 -43A5 '
53 |Test for no 80% BUV output with a 90% BUV trip 22; 25; 36; 38 43A5
54 |Test for no 80% BUV output with no EMERG. COND. permissive 25, 40 4 3A5
55 |Test 80% bus undervoltage via EMERG. COND. 25, 32, 40 4 3A5
56 |{NO TEST FUNCTION None 43A5
thru
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" Table 5. Automatic Test Inputs

ATI NO. SCHEMATIC LOCATION DESCRIPTION

1 31D6 PTI1¢A bistable inputs (3)

2 31D6 PT1¢C bistable inputs (3)

3 31D6 'PT2¢A bistable inputs (3)

4 31D6 PT2¢C bistable inputs (3)

5 31C6 Fast clock enable

6 31C6 PT1A 90% bistable trip test

7 31B6 PT1§A 70% bistable trip test

8 31A6 PT1¢C 90% bistable trip test

9 31A6 PT1¢C 70% bistable trip test

10 31D4 PT2@A 90% bistable trip test
11 31C4 PT2¢A 70% bistable trip test
12 31B4 PT2¢C 90% bistable trip test
13 31B4 PT2¢C 70% bistable trip test
14 31B4 LOCA input
15 31A4 Incoming breaker not closed input

16 31A4 DG breaker closed input

17 31D1 Offsite Source 1 not available input
18 31C1 Offsite Source 2 not available input
19 31B1 Offsite Source 3 not available input
20 31A1 Reset input _
21 31A1 Breaker closure priority change input
22 32D7 90% bus undervoltage test signal

23 32D6 70% bus undervoltage tesf signal

24 32C6 70% BUV test signal to breaker closing

circuits

25 32D4 LOCA test signal

26 32C4 DG breaker closed test signal

27 32B4 BUV or LOCA memorized test signal

28 32B4 Manual Test BUV input signal

29 32B4

Panel test mode input
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Table 5. Automatic Test Inputs (Continued)

ATI NO. SCHEMATIC LOCATION DESCRIPTION
30 32A4 Manual Test LOCA input signal
31 32A4 Output test mode input ’
32 - 32D2 Emergency condition test signal
33 32B2 LOCA sequencer enable test signal
34 32B2 BUV sequencer enable test signal
35 32A2 LOP sequencer enable test signal
36 43C4 PT1¢A 80% bistable trip test
37 43C4 PT20C 80% bistable trip test
38 43C4 'PT2@C 80% bistable trip test
40 43B4 80% bus undervoltage test signal
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Section 9
MAINTENANCE, TROUBLESHOOTING, AND REPAIR

An LSS panel requires no preventative or periodic maintenance. It is

. recommended, however, that bistable trip point verification be made on a per-

iodic basis. In general, bistable trip point recalibration should be per-

formed on all bistables off a common potential transformer channel any time
a bistable card substitution is made or card file slot is changed. System

timing functions need no periodic calibration, but may be changed, however,
by following the adjustment procedures of section 7.3.

An LSS panel comprises an intricate electronic system. Before a system
malfunction can be detected, it is essential that troubleshooting personnel
be familiar with proper equipment operating characteristics, basic theory of
operation, and electrical schematics. A malfunction can be detected in two
possible manners. First, for failures which are self-annunciating, either
indicators or actuated outputs annunicate and isolate the problem area. Sec-
ond, during active testing with Manual Test features, an inoperative function
will annunciate and isolate the problem area. After the malfunction has been
detected and the general problem area located, Vitro drawing 2699-1021, LSS
Panel, Electrical Schematics should be consulted and utilized to isolate the
malfunction to a PC card or other part. On Vitro drawing 2699-1021, logic
and electronic symbols have an associated reference designation number asso-
ciated with them. This number refers to the PC card file slot of the PC card
containing the particular component or the part identification number utilized
in the cabinet. After the malfunction has been isolated, the suspect PC card
or other part should be removed and replaced with a spare of the same type.

Manual Test features should then be utilized to verify proper system operation.
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CAUTION

Inserting or removing PC cards with the ESF portion of thé
system energized may cause equipment damage. The ESF power
switch should be switched off whenever PC pérds are removed or
inserted. BOP power should be removed external to the LSS panel

before troubleshooting within the isolation barrier.

If more than one PC card has been replaced, final determination of a PC
~card containing a failed device may be accomplished by replacing PC cards one
at a time and verifying proper system operation after each insertion. This
procedure verifies operational PC cards and eliminates them from further fault

isolation activity.

9.1 SPARE PARTS
A list of recommended spare parts for an LSS panel is presented in table 6.
Complete parts lists may be found on the following Vitro drawings:
2699 - 1005, LSS Panel Assembly |
2699 - 1014, Digital Isolator Panél Assembly (AS)
2699 - 1015, Card File Assembly (Al)
2699 - 1025, Control Panel Assembly (A3)
2699 - 1030, Power Supply Panel Assembly (A2)
2699 - 1035, Bistable Panel Assembly (A4)

Table 6. Spare Parts List

REFERENCE

DESIGNATION DESCRIPTION PART NUMBER MANUFACTURER
CR1/15,A2CR1/3 Diode assembly 0423—2765—i Vitro
K1/32 Relay, 24V GPB Agastat
K33/41,A2K2 Relay, 24V 3SAA1388A2 General Electric
K42/55,A2K3,K63 Relay, 125V 35AA1425A2 General Electric
K56/62 Relay, 125V GPD Agastat
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Table 6. Spare Parts List (Continued)

REFERENCE . ' :
DESIGNAT ION DESCRIPTION PART NUMBER MANUFACTURER
- TD/0S CARD 0423-2636 . Vitro
- 7 Seg. Dis. Drvr. 0423-2640-2 Vitro
- Step Card No. 3 v 0423-2675-4 Vitro
- IC Card A-3 0423-2693-3 Vitro
- IC Card A-4 0423-2693-4 Vitro
- IC Card A-7 0423-2693-7 Vitro
- IC Card A-9 0423-2693-9 Vitro
- IC Card A-12 0423-2693-12 Vitro
- ~IC Card B-1 - 0423-2695-1 Vitro
- IC Card B-2 0423-2695-2 Vitro
. IC Card B-4 0423-2695-4. Vitro
- IC Card C-1 0423-2696-1 Vitro
- IC Card ﬁ-2 0423—2697—2 Vitro
- Comp. Card B-1 0423-2699-1 Vitro
- Comp. Card B-7 0423-2699-7 Vitro
- AC Bistable Card No. 1 0423-2757 Vitro
- Driver Card 0423-2758-1 Vitro
- Clock Card A 0423-2767 Vitro
A2DS1,2 Indicator 95-0408-09-241 Dialco
Lens 52-0991 Dialco
Lamp Bl1-A ANSI Spec.
- A2F1,2 Fuse MDA-7 Bussmann
Fuseholder HKL Bussmann
A2K1 Relay, 15V 3SAA1432A2 General Electric
A2PS1 Power Supply, 15V CEA3B150Y103FLP3 | CEA

oL ,
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PAGEi _éz“b‘ OF 62“’ Table 6. Spare Parts List (Continued)
REFERENCE /
DESIGNATION DESCRIPTION "PART NUMBER MANUFACTURER %?»~ -
. \
A2PS2 Power supply, 24V ELP3 Ng
300F116 -2 LAMBDA )» x
A2S1 Switch, Lock OT22KAl{eR OT2KL) Westinghouse N
Contact block OT 2M Westinghouse
VA 03/9Y/{,
A2VR1-3 Suppressor, -transient 1.5K62 General Semi.
- A3DS1-12, Lamp, Indicating (Red) 011686708G1-R General Electric
2. - A3DS15-35 Lamp, Indicating (White) 0116B6708G1-W General Electric
Lamp, Indicating (Yellow) | 0116B6708Gl-Y General Electric
Lamp, 24V (bulb only) 1819 GE or equal
A3DS13,14 Readout module 710-0301-025 Dialco
Lamp, 24V (bulb only) 334 GE or equal
A3S1-9 Switch, toggle 1 8A2011C Microswitch
A3 S10-S31 Switch, pushbutton 8N2021C Microswitch
Cap (black) 820083 Microswitch
A3F1-4 Fuse MKB 1/8 Bussmann
: Fuse block 3828-4 Bussmann
A4M1-4 Voltmeter, AC 10420 Simpson
A4R1-R4 Resistor, variable 7466R10KL . 25 Beckman
A4R5-8 Resistor RERS5F1212M MIL-R-39009/2
A4S1-4 Switch B 0T2S1 Westinghouse
Contact block - OT2A Westinghouse
A4T1-8 Transformer H-915 United Trans.
. B or equal
ASR1-3 Resistor RER6$F34é1M" MIL-R-39009/1
A5U1-10 Digital isolator 0423-2645- Vitro
Lamp, 28V (bulb only) 30938-0 Sylvania
Screwdriver H-90 Bourns
Patch cord 1530-60 - H.H. Smith

S e
VMA 24 -dh55

* Special tools

and accessories .
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Price List : Pace 3 of b
221
‘Qe 2
ush Pushbutton Operators . )
Operator Calor Opcrator Only Pushbutton Ratings, Amperes _
: Without Contact {For Flush and Extended Operators)
%';’f; or Legend Voltages - Normal Inrush Contin.
{Cover Maunting Only) 'é?igk ﬁ:}“dm‘ uous
Cotalog Capacity
Nomber 730125 Ac 5.0 50 o
ov284 ,ﬁg_fgg Ao 30 30 10
All Calors . c 15 15
Full Shroud (Black, Red, Green, 550-600 Ac 1.2 12 10
Yellow, Blu, Gray, 310-125 Dc 1.1 110
Brown) 2902630 56 '55@
550-600 Dc .20 200

Black 0oT2C1
Red otac2
Green 072C3
Yoliow 012C4
Black o720
Red 0T2D2
Green 01203
Yallow 0T2D4
Lock
Positions
Qut OT2E8
ta OT2F8
H In or Qut ) 0T2G8
Key A 40w R
Removable
in Locked
Position Only
Key Ramovable / Out OT2E9
in All Positions In OT2F3
in or Qut 0T2GS

Contact Blocks — For Flush Operators@

Description : Contact Catalog
Symbol Number
Singla Circuit P
—Loam
1 NO o 0 0T2B
1 NC alg oT2D
i - — ==
Double Gircult C2no s a5 |arem
.2 NC Wl alg | OT
1 .1 NC —r
NO 5% clo 0T2A 1
1 NO, 1 NC Make Bafore Break = oT2v
o ogQlo :
2ND Secgnence One Pole . 012X
Makes Before Other Ll
" © 0o o .
1 NO, 1 NC Series Wired : or2as | : . .
? NO, 1 NC Perallol Wired . . DT2AP ® For applicotions requirng higher D¢ ratings, '
. . rofer to Westinghousg.

2 NO, 2 NC Serigs Wired .| OT2MsS @ Torque far mounting screws 7 to 10 inch pounds - 10
2 NO, 2 NC Parallol Wired oT2mP Ineh pounds mox.
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Flush Selector Switches

724-722-5462
JAN 18 "03 11:87 FR 7217336888

W RRS-CUSTOMER SVC PAGE 82/83

7247335888 TO 81'?2-‘4'?2/2543]7@/ 3 P.02-83
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Prce Y ofF &

/

Type Operation Op_ctawri.iny Legand Plate Not In¢ludea®
~2 Position ) 3 Position _
\{/ T = Cam 2 Cam 4 Cam 6
VAR Catalog Catalog Catalog
J No. J Numbsr Number Number
Standard Handio - - :
Maintained T OT257 07252 0OT254 071256
Spring Return Right to Left oTai senes s e
Spring Return Lft. & At. to Ctr. | ..... 0T2v2 QT2va OT2vg
Spring Return Right ta Center 0T222 0T2Z4 OT2z8
Spring Returp Leh to Conter - oT2wz QTzw4 0oTZwWs
\ Lavar Handte
e Malntained OT282W  OT2S4w oT2sewW
- e Spring Return Right to Loft OoTa2ltw ... L
! Spring Return L. & AL to Ctr. | ... .. oT2v2wW QT2V4W OT2vVew
/ Lever Handle®® Spring Return Right to Center | ..., orzZaw 0T224W QT226W
N Spring Return Left to Center . QTzwzw oT2waw  OT2wew
Cylindertoek . P
< “Lock in All Positions orzﬂ) 0T2K2 QT2K4 OT2K6
: TTtockrrteftPesitions ¢ OF L ceee
' Lack in Center Positions OT2Y2 QT2v4 oT2Y8
ol ¢ Loek in Ctr. & Rt. Positions 0T202 07204 0T206
' /
\\ Cylinder Lock® 4 e
\\\__ J‘r_-_,,;
Salactor Switch Selection Procedure . Table I: Cam and Contact Block Selection, Twa and Three Position
Westinghouse OT2 selactor switch cam and  Contaet Sequoncs | Seq. | Cam and Contact block Combination
cantact selection is based on the fact that s?peméalir F’Osiéiono No. "Eam 1 Cam 2 Cam 4 1 Cameé
i _nositi . itwed From Fron
there ara only two p0§8|b1e 2 posttion con Stand. Oper.® Stend. Oper.® Stand, Oper.© Stand. Qper.®
tact sequences, and six poasible 3-position Cat. No. OT251 | €at No. OT282 | Cat. No. OT254 ; Cat. No. OT2S6
s nces, Contact  Circuit | Contact  Circuit | Contact  Gircult | Contact  Circunt ’
Cat. No.  Posit. | Cat. Na, Posit. | Cat. No. Pozit. | Cat. Na. Posit. .
0 position, only cam 1 is available, o o @ )
Contact sequence is accomplished by selec-- Two Position
tion of NO (OT2B) ar NC (OT2D) contact ¥ ¢ : 0T .
bi i i ities. K it OT2 Either | ....
ocks in desired quantities o x .. | 072B.Z Eithor | ...
Threa camas (2, 4, 6) produce all six 3-posi- Three-Position | —
tion sequences. Selection is simplified by LI
s . M X 0 o 8 .. QT2AS  Both® | OT2B Left 0Tz6 Right
using the systemstic selection procass o X x 10 : OT2AP Both® | OT2D  Leht OT20 Right
below. x 0 X 28 oT2B Rigit | OT28 Right | OT2MP  Both@®
L A i N
X B ot oT28 Laft
Procedure Example X x 0 3D OT2D  Left | OT2aP  gom® | OTZD Lot
1. Write down contact  XQO=18
sequence and sequence  OXX-1D Tabie Il: Sequences to Cam Number - Cireuit Positlon For Maunting Contact
numbers from Table |, XX0=3D 3 Position Blocks Determined By Viewing From Rear
{X=Closed. 0=0pen) OXO=2D Ssquence Number Gam Number o
2. Deterrnine two most 1 and 2' ? _ ) Gord AT
common numbers (1, 2, % ‘_ 20r4 ¢
or 3) ignoring letters 8 Y a0d 2 3‘" 6
and D). 1and 3 -6
2and 3 . 2

3. Use cam according  Cam 4, Cat. No.

to Table Ul and select 0oT284
opergtor Cat. No.

4. From Table !, deter- 1B=0T2B Left
mlne Cat. No. and cir- 1D=0T2D Left

2D = QT2AP Both
2D =0T2D Right

¢cuit position for each
contact sequence num-
ber in Step 1.

5. Order 8ill of Material
as determined, or fully
assambiad selector
switch.

Standard Qpearator
0T254 with fol-
lowing contact
blocks: QT28 Left,
0OT2D Left, OT24AF
Bath, OT20 Right.

Two NC contacta wired in saring,

@ Standard and fover handie operators supplisd with red
eolor insert.

& For price of cantact block and legand pfates, sse pages
7 and 8.

® To potition contact block 90° fror normal, sdd suffix
“8" 1 catalog numbor,

© Ywo contacts wired in sories (NC lef and NO-right), Can
be field aazombled from ons OT2A or ono QT2B and
©ne OT2D cantact blocks. -

® Twa contacts wired in parallel (NC right and NO Jeft},
Can ba ficid assombled from ona OY2A or one OT2B
and on§ OTZ0 contact blocks. .

D As viewod from resr of assembly.

Left Circuit—g
Positian

Circuit
Pasition

@ For other than standard malntainad oparator, use oper

ator cawdlog number from price toble.
® Twa NO contacts wired in paralrol,
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Flush Selector Switches Type Operation Operators Only Legend Plate Not IncludedQ
2 Pasition 3 Position
Cam ) Cam 2 Cam 4 Cam 6
Cat. Catalag Cazalog Catalog
No. Number Number Number
Standard Handlc
Maintained 07251 Q71252 01284 QT258
Spring Return Right to Left SAT211 e el e
Spring Retura Lft. & Rt to Ctr, G . 0T2v2 0T2v4 o127
Spring Anturn Right ta Cemter | .. ... ..., 07222 0T2Z48 0Y226 /
Spring Retwrn Left to Center | ... . ... orvzw2 QT2W4 oT2We
Lover Hvzmdh:
Maintained ' or2s1W oT2saw  lofgsaw  Ov2sewW
Y Spring Return Right to Laft oTtw L. . Nt e i
Lover Handle Q@ Spring Return L. & Reto Cte. | ool vvesn 0w es QTZ_\'I‘Z. N ) ALY QT2vewW
Spring Return Rightto Center | ........ ... .. .,;GTZZZW 0T224W QT2Z6W
Spring Return Left to Center | . ....... ... .4 OT2wW2wW or2waw O0T2WEW
Cylinder Lock !
Lock in All Pasitions = OTZiKAD  OT23KAs  OT2dKRG
Loek In Left Position b et e e e b el e
Lock in Center Position OT23KC2 QT23KC4 0T23KCB
Cylinder Lack® Lock in Ctr. & R1, Position ) @TZ3KEZ - OT23KE4  GT23KEG
Selectar Switch Selection Procedure Table {: Cam andﬁpdhta’ﬁx Block Sek:ct;on Two and Thice Position
Westinghouse OT2 selector switch cam and Contact Senugnace. Hoq. | Cem andTontactiBlock Combinatigr . N
contact selection is bssed on the fact that {Openstor Fg’}gdib. Na. | Camr - [ Com 2 ] Cam'a [ Cam & i
thare are only twb possibla 2-position con- iewed From FigAt) ”~‘St i _Quer@ ‘ Stand. Oper.® Stand, Oper.® Stand. Oper.@®
tact sequences, snd six possible 3-position Odt. No. OT251 | Cat. No. OT2S2 | Cat. No. 0T254 | Cat. No. 07258
Ssequences. Gontact  Circujf § Compet’ Circuit | Contact Circuit | Contact  Circuit
F - . ) ‘ . Cat. No. Fpsit- ¢ Cat’Na. Posit, | Cat. No. Paesit. | Cat. No. Posit.
0 position, onlv cam 1 is available, . ) & - ®
¢t sequence is accomplished b e rosvion =~
TGO
Selebﬂon of NO (OT2B) or NC (WZ ) —a
contact blacks in desired quantities, % 2 B I oT20  Either
Three cams (2, 4, 8) produch aff six 3- 4 e x ce [ OT2B  Eithar
position sequences, Selndtnon i simplified . -
by usiag the .,ysge?natgc Tsetection proceas- ‘Yhtec Positiomy . . .
low. \. T
belo K,pé»o | 1B A OT2AS Both@ | OT2B  Left 0T28  Right
%R 10 A OT2AP Both(®| 0120  tLecht 0T20  Right
Procedure Example m'o % 28 . . oY2s Right o128 Right QrzmpP Bmh%
e bbb st , . )
i = oxXOo 20 R e aT2D Right | OT2D Right | OTZNS  Both
1. Write down contact X00=18 oxe 38 1 oToB Len OT24S Both®| OTZE Lokt
sequence and sequence OXX=1D VNN D 0oT20 Left OT2AP Both® ! OT2D Lelt
numbers from Table I. XXO=3D
{X=_Closed, O=0pen) OX0Q=2D Table Il: Sequences to Cam Number - Circuit Pasition For Mounting Contact Blocks
. : ) e ’ Determined By Vicwing From Rear. .
2. Determine two mast 1 and 2 3 Position
comman numbers (1, 2, Sequance Nymber Cam Number
ar 3) ignoring letters B 1 6ord
and D - 2 ) 2004
) . 3 2or8
3. Use cam according Cam 4, Cat. No. 1 and 2 4
to Table {1 and select 0T254 1 and 3 425
operator Cat. No, 2 and 3
4. From Table |, deter- 1B=0T28 Left . o
H s har 3 revious 1ISsL0. )
mine Cat. No. and cir- 1D =0T20D Leht © Changed since preni Right
cuit position for each 3D=0T2AP Both @ Swandard and lever handie operators zupalied with red  Laft Circuit g.-rc_x:f;n
= f calar inzert, Gther colors arw available. Position o=ty
contact .sequanCE 20 OTZD ngh( (9 For price of contact block 8nd Irgend plates, s66 paqgos .
number in Step 1. 3,64,
5. Order Bill of Material Standard Operstor @ To position cantsci block 90° from normal. add sutfix "G
) N . " 1a catalog number.
3s determined, or fully OTZ_SQ with fol- ® Two éontactz wirad in 86cies (NC toft and NO right, Can
assembled selector fowing contact be field s138mblicd from ono OT2A or one OT28 and ane
cwvl - av20 tucl biocks. ) L
switch. bl?a_Cks‘ OT28 @ Two eg.f?acf, wired in pacaticl NG right and NO laf). Can  ® For othar than standard maintained oparatar. use
Left, OY20 Left. be ficld aszemblad from-onc OT2A or one OT2B and onc aparator catalog number from prico cole.
OT2AP Both, " OT2D eontact blocks. @ Two NQ cantacts wired In paralel,

O OT2D Right. @ Az viewod vom roar af azsembly. ® Twa NC contacts wired ingaries.
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|/C LOGIC FOR CONTROL FUNCTIONS
IN HIGH-NOISE INDUSTRIAL ENVIRONMENTS

INTRODUCTION AND PHILOSOPHY

Motorola's high threshold logic (MHTL") family derived its name from the fact that
it operates from a nominal 15-volt power supply and exhibits a typical input threshold
at 7.5 volts. Because of the high power supply, there is a tendency for greater power
dissipation in the circuit. To minimize this dissipation, larger resistor values are em-
ployed, which generaily result in slower operation. This slower operating speed aids in
noise rejection.

With MHTL design, fewer special noise protective methods are necessary; thus,
more reliable operation can be achieved in the presence of noise conditions. Higher
input threshold voltage combined with a slower response time enables MHTL to excel

in both internal and external electrical noise rejection, as compared with other logic -

families. Better noise immunity is also achieved at the power supply and ground leads,
in addition to the signal leads.

Because the system designer has a multiplicity of device types to choose from in
the MHTL line, he-is able to realize his system objectives with a minimum cf parts.

Recently introduced translator circuits make possible the usage of MHTL units in areas -

where high electrical noise exists, and then translating into higher speed, iow-level
controlling systems. The translator circuits allow MHTL logic levels to be changed to
and from the logic levels characteristic of RTL, DTL and TTL circuits, making a com-
bined system extremely attractive for industrial applications. :

The high 15-voit power supply voltage of MHTL also makes it easy to interface
with discrete components and CMOS — another attractive feature of the devices. MHTL
circuits are especially adaptable to numerical control, supervisory control, and com-
puter-peripheral equipment design. .

All available data about Motorola’s high threshold logic line of integrated circuits
for industrial high-noise environment control have been compiled into this convenient
single-source “library” for your design use. Included are detailed data specifications
for all available MHTL circuits, as well as application design information to assist you
in making greater use of these superior high-noise immunity circuits.

In addition, a reply card is included for requesting MHTL applications information
and assistance.

*Trademark of Motorola Inc.

’



GENERAL INFORMATION
MC660 Series

. ISSUE A

INTRODUCTION FIGURE 1 - GATE COMPARISONS

MHTL is Motorola’s High Threshold Logic family of
digital integrated circuits. MHTL is designed for applica-
tions in which a high degree of noise immunity is required
and high-speed operation is not normally necessary. Ex-
hibiting a large logic swing (13 V typical) and 110 ns typical
propagation delays, MHTL has large voltage and energy
noise margins.

The basic MHTL logic gate is the NAND function with
either active or passive pullup provided. The broad line of
basic functions includes expanders, AND-OR-INVERT
gates, exclusive OR gates, drivers, gated latches, translators,
hex inverters, flip-flops, and multivibrators. The basic
logic functions plus complex functions give MHTL good
versatility in applications requiring high noise immunity.

Vce

TYPICAL CHARACTERISTICS

- - (A) MOTOROLA HIGH
Rating Value Unit THRESHOLD LOGIC
Supply Voitage 15+1.0 Vdc WITH PASSIVE PULLUP

Threshold Voltage 75 Vdc

Logic 'O’ Qutput Voltage
@IlgL=5ma

(Active Pullup Output) 1.0 Vdc
(Passive Pullup) 0.4 Vde

Logic ‘1" Output Voltage
@Vee=15V.

{Active Pullup Output) 14.4 Vdc
(Passive Pullup) 149 Vdc

Noise Margin 6.0 Vdc
Propagation Delay 1 10 ns
Temperature Range —30 to +75 °c

Vece

THE BASIC MHTL LOGIC GATE

The basic MHTL gate is shown in Figure 1{A). It may be noted
that this gate is very similar in configuration and operation to the
Motorola Diode-Transistor Logic (MDTL) gate shown in Figure (8) MODIFIED DIODE-
1(B). The basic difference is in diode CR1, resistor values, and the - TRANSISTOR LOGIC
collector supply voltage (Vcc). In MDTL, CR1 is a base-emitter
diode operated in its forward.direction and having a drop of ap-

_ proximately 0.75 voit. The input threshold level of MDTL is a net A :
C' . of two forward diode drops (the input diode offsets a diode drop >_ Ae+B

in the other direction) or about 1.5 volts. In MHTL, CR1 is a base- 8
emitter junction that is operated in its reverse direction: this is
commoniy called zener operation. Conduction occurs, in this case,
when the junction has approximately 6.7 volts across it. The thres-

(C) NAND LOGIC SYMBOL -

- Sheet 0.3-1 -
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hold voitage for MHTL is one forward diode drop plus one zener
diode drop or about 7.5 volts. The normal supply voltage for this
famity is 15 volts £1.0 voit. To keep the power dissipation down,
the gates have higher resistance values than comparable resistors
in MDTL devices. .

The MHTL gate proviaes the same positive-logic NAND function
as the MDTL gate. If either the A or B input is below the threshold
leveI passible base current to the transistor Q1 is routed to the low
|nput If both inputs are above the threshold level, Q1, CR1 and
output transistor Q2 all turn on and the output goes low. Thus the
output is true or high if A or B is not true,ie., F = A + B =AeB 8
(See Figure 1-c).

PROPAGATION DELAY TIMES ‘
The MHTL family of devices exhibits a slower.propagation time
than normally provided by other integrated circuit logic families.
This is an additional aid in rejecting electrical noise because of the
inability of the circuits to respond to narrow spikes of noise. Max-

imum propagation delays for each device are given on the appro--
priate data sheets. For these measurements, loading composed of

a discrete RC network simulates full fan-out for the device. Typical
values of propagation delays for the NAND gate with active pullup
output are shown as a function of temperature in Figure 2.

FIGURE 2 — TYPICAL “NAND"” GATE
PROPAGATION DELAY TIMES

200 I -
Vec =15V t-+
175 }— 50% to 50%
2 No Load
< —
4
g /
125
2 .
o oo B = = =~
-
< 50
Q
N e
o - 25
ie
a
o - ' -
-30 0 28 50 75

AMBIENT TEMPERATURE (°C)

CHARACTERISTICS OF NOISE IMMUNITY

Noise immunity is a measure of the ability of a logic family to
reject erroneous signals which cause false conditions in a system.
When discussing the effects of noise, certain characteristics of noise
must be defined. ’

DC Noise Margin
To define dc noise margin, the transfer characteristics of an
MHTL gate mfust be considered. The transfer curve for the basic

‘gate operating with a 15-volt supply is shovyh in Figure 3. For any

input signal up to 6.5 volts, the output will remain in the high state

or above .13.5 volts. A 2.0-volt margin, from 6.5 to 8.5 volts, is
used for the transition region and guards against variations in
manufacturing lots and temperature effects from -30°C to +75°C
With 8.5 volts on the input, the output is in the low state or.less
than 1.5 volts and remains there for any further increase in mput
voltage.

Thg specified voltages in the MHTL transfer curve are placed in
the dc noise margin chart. The dc noise margin is defined as the
difference between the output voltage levels guaranteed for the
driving gate and the input voltages required for the driven gate to
recognize a 0" or a ‘1" logic fevel. Then, the guaranteed noise
margin in the high state is calculated by subtracting 8.5 volts from
13.5 voits, and the guaranteed naise margin in the low state is cal-
culated by -subtracting 1.5 volts from 6.5 volts. The guaranteed

FIGURE 3 - TRANSFER CURVE AND DC
NOISE MARGIN CHART -

Vee =15V
-30°C to +75°C
Worst Case Noise
Margins

| 15
v
. OH.3s W
1]
[ .
-
o
2
u .
<
b MHTL
o .
[} 5.0
>
-
2
& . A “0’" Noise
2 ™ Margin l > Margin® =
o 1.5
Vor ]
0 15 65 1|85 ' 13.5 15
Vi 78 ViH
INPUT VOLTAGE (VOLTS)
r TSV Guaranteed Output
+$13.5 v! Voitage In High Stage
Permissible
High Input Voltage A "1 Noise
Margin
' 1-8.5 vV Transition
Region
r +65V 1 - :
Permissible a N? Npise
Low Input Voltage argin
TVSVv } Guaranteed Output
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noise margin is 5.0 volts in either the high or low state. In opera-
tion, noise margin is typically 6.0 volts. As a comparison, the
5.0-volt logic families have a threshold voltage of 1.5 voits with
typical noise margins of 1.2 volts. Thus, the dc noise margin is 5
times greater for MHTL.

The dc noise margin describes the ability of the circuits to oper-
ate correctly when dc offsets and power supply variations exist
between boards in a multiboard system. The MHTL circuits have
an inherent advantage with respect to dc noise margins.

AC Noise Immunity

The ac noise immunity may be defined as the ability of a digital
circuit to reject unwanted ac noise on the signal line, Vcc power
supply line, and the ground.line. The ac noise immunity is depend-
ent on the magnitude and duration of voltage change required to
cause a system disturbance. The voitage change is dependent upon
the nature of the noise, the coupling impedance, and the internal
impedance of the digital circuit.

AC Noise Immunity of Active versus Passive Pullup
The relatively slow speed and large voltage swing of MHTL give
the logic family superior dc noise margins and ac noise immunity.

FIGURE 4 - MHTL GATE WITH PASSIVE
AND ACTIVE PULLUP

Vce
PASSIVE
Vee
(3
15 k :E 15k
<
Q2
ACTIVE
L
Q1 %
|
i
1
= -4

INSTANTANEOUS POWER REQUIRED
FOR DISTURBANCE (mW)

ISSUE A

To maximize its high noise immunity, MHTL provides active pullup
gates in addition to passive pullup devices. Although passive pullup
has advantages in certain appllcatlons the active pullup shows
superior noise immunity.

The active pullup is compared to the passive configuration in
Figure 4. The passive pullup has a 15 kilohm resistor to the power
supply whereas the active pullup has a transistor and 1.5 kilohm
resistor to the power supply. When the outputsarein the low state,
both pullups exhibit a low impedance to ground through a satu-
rated transistor. The advantage of active pullup appears when the
outputs are in the high state.

The outputs are in the high state when transistor Q1 is turned
off. The passive pullup exhibits a 15 kilohm impedance to Vcc.
The active pullup has a lower impedance to Ve as transistor Q2
turns'on and has a low impedance in series with the 1.5 kilohm
resistor.

If the input of another gate is driven by an output, the lower
output impedance of the active pullup requires more current than
the passive pullup to cause a low state on the)input of the second
gate. Because more current is necessary, more energy must be
used to change the state of the input.’

When an output is in the high state, positive-going noise will
not cause a false condituon on the output. However, negative-
gomg noise will drive the output low and cause inputs of following
gates to propagate a false condition. The lower impedance of the
active pullup requires more energy to drive the output down
through the threshold voltage. Therefore, the active pullup has a
superior noise immunity when compared to the passive pullup.
Figure 5 shows a comparison of active and passive pullups over
temperature.

FIGURE 5 —SIGNAL LINE NOISE IMMUNITY
versus AMBIENT TEMPERATURE

Active Pullup

. j ;

30 Vee = 15 v —‘I

F.l.=1

F.O. =
: Qutput High

15 PW.=300ns __

Passive Pullup

-50 -25 ) 25 50 75

AMBIENT TEMPERATURE (°C)

An additional consideration of negative-going noise may be seen
by returning to Figure 4. Both configurations show a reverse biased
diode to ground. The illustrated diode is the reverse biased junction
that isolates Q1 from the rest of the monolithic circuit. If an out-
put is driven below ground sufficiently, the diode becomes forward
biased and conducts, showing a low impedance path to ground.
Under this condition the output ig clamped to —0.7 Vdc.

Sheet 0.3-2
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GENERAL DESIGN CONSIDERATIONS

Wired-Collector AND

The outputs of passive pullup gates may be tied together to
perform the wired-collector AND function. For each additional
output tied to the original output, a factor of 1.2 must be sub-
tracted from the output loading factor.

Active outputs may not be tied together. |If two active pullups
are wired together and one output goes low, too much current will
be pulled through the output configuration causing loss of noise
immunity or possibly causing a catastrophic failure of one of the
outputs. ' )

FIGURE 6 —MC668 PASSIVE PULLUP GATES WITH
OUTPUTS AS WIRED-COLLECTOR “AND"

A—
8 —
C —q
. b—-1

(AB)e(CD)

Output Loading Factor:
10-1.2=88

Some gates are provided with open collector outputs. These
outputs may also be tied together; however, an external pullup
resistor should be provided for best noise immunity. The minimum
resistor size is determined by the lo( that one output is tested to
sink at Vgi_. The IgL will be the sum of the current from the
external pullup resistor and the current from the inputs driven
‘from the wired collector AND. In terms of loading factor, a 15-
kilohm resistor corresponds to a loading factor of 1.

FIGURE 7 —MC681 USED IN WIRED-COLLECTOR
“AND" CONFIGURATION

Vee

AeBoeC=A+8+C

Output Loading Factor: '
10-1=9

Unused Inputs .

For best noise immunity unused inputs should be tied to the
power supply. If the power supply is subject to Iérge voltage tran-
sients, the unused inputs should use a limiting resistor to protect
the inputs from catastrophic breakdown: Any number of inputs
may be tied to one resistor.

FIGURE 8 — UNUSED INPUTS WITH
LIMITING RESISTOR

vcc .
1k

<

-

- -
- HD-

Fan-in

Fan-in may be increased through the use of the MC669 dual
4-input expander. Fan-in may be increased to a maximum of 20
using the MC669.

_ FIGURE 9 —MC662 EXPANDED TO 8 INPUTS

c—t] AOBOCODOEoFonH

——

H I MC669

Rise and Fall Times

Slow rise and fall times on signal lines may allow oscillation to
appear as the signal goes through the threshold level. Oscillation
may be caused by noise or feed-back in the system, and if oscilla-
tion occurs through the threshold region false clocking of flip-flops
may occur. .

If slow rise and fall times are a problem, a Schmitt trigger as
shown in Figure 10 is useful. The feed-back in the circuit causes
a3 hysteresis action and sharpens rise and fall times.

Power Supply Variations : .

MHTL devices are tested to ensure proper operation with full
fan-out capability over the -30°C to +75°C temperature range and
with supply voltages between 14 and 16 volts. Normally the devices
will provide proper operation if the voltage varies from the specified
range, but they are not tested for this operation. When the 16-voit
limit is exceeded, devices may exhibit a higher leakage current on
the off transistors, although typical units wili endure 20 volts col-
lector supply before this becomes evident.

A disadvantage to using higher power ‘supplv values is the
increased power dissipation of the circuits. To keep junction tem-
peratures within acceptable limits on some devices, the ambient
temperature limits must be reduced. Therefore, it is not advisable
to exceed the 16-volt supply rating unless internal power dissi-
pation is within safe limits (see maximum ratings).
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18 k Input 7.2V
AN

1k
O—wv——‘—(>o—D& -0
Input Output Output

6.5V

FIGURE 11 —TYPICAL VARIATION IN Vo WITH TEMPERATURE
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.. FIGURE 12 - SWITCH BOUNCE ELIMINATOR
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When a V¢ below 14 volts is used, the base drive to the output
transistor is reduced and is not capable of handling the rated fan-
out. Figure 11 illustrates the Vq_ values of typical units as a
function of temperature with a Ve of 14 volts and an lgL of
12 mA. The devices are not tested to operate below 14 volts, so
operation of the devices at these levels cannot be guaranteed. A
second disadvantage of operating the units at a lower Ve voltage
is the reduction of the noise margin in the high state. Figure 3
shows that Vg decreases while the device threshold remains
constant.

Contact Bounce

In high noise environments, MHTL is extensively interfaced with
relay contacts and switches. Contact bounce becomes a major
consideration because of its duration and ability to cause oscilla-
tion. A contact bounce elimination circuit as in Figure 12 is useful

"in solving the problem. The circuit eliminates the effects of con-

tact bounce and gives sharp rise and fall times.

FIGURE 13 —PASSIVE PULLUP OUTPUT DRIVING
A DISCRETE DEVICE

MHTL

Discrete

~’.

FIGURE 14 — ACTIVE PULLUP OUTPUT DRIVING A DISCRETE DEVICE

Vee

OV+
15k
3
-]
-
Q2
Off
Q3

R1

— — o s e . e o . S o — o S e e

MHTL -

Driving Discrete Devices

With a large output voltage swing and good drive capability,
MHTL is easily interfaced with discrete devices. Discrete transistor
can be driven by MHTL with passive pdllup output (Figure 13) or
active pullup output (Figure 14). ’

Resistor R1 in Figure 14 is necessary to reduce leakage cur-

rents of Q3 when the MHTL output is low. Select R1 so that
1cgR1<0.5 Vdc.

Note that the active pullup output of Figure 14 is not capable
of driving a discrete transistor and a MHTL input simuitaneously.
The MHTL input would source current to the base of Q3, prevent-
ing Q3 from turning off. This would also clamp the MHTL input .
at 0.7 Vde.

Discrete

Temperature Variation

MHTL devices are rated for use from -30°C to +75°C. Nor-
mally devices will function properly beyond these limits although
not necessarily meeting the specifications set for the rated temper-
ature range. If devices are operated at increased temperature, the

. significant changes are increased saturation voltages, increased tran-

sistor beta, and greater leakage current. Therefore, noise margins
are decreased and rise times are increased.

Operation at lower temperatures causes lower transistor beta
and higher saturation voltages. The significant change then is higher
VoL levels. '




GENERAL INFORMATION
. MC660 Series

MAXIMUM RATINGS
Ta = 25°C

TEST LIMITS
TOLERANCE

DEFINITIONS

ISSUE A

Rating Symbol Value Unit
Power Supply Voltage Vee Vdc
Continuous 18
Puised, 1.0's 20
Input Vottage Vin Vdc
MC666 DTL -1.0to +6.0
RTL —4.0to +4.0
All Others —-1.01t0 +18
Output Current (into outputs) - mAdc
MC662 60
MC663 28
MC664 26
MC669 -
All Others 30
Input Reverse Current @ 18 V IR 05 mAdc
Forward Current (individual) MC669" ] Ig 30 mAdc
Power Dissipation and Thermal Characteristics
Dual-In-Line Ceramic Package o
Maximum Junction Temperature o Ty 175 C
Maximum Internal Dissipation @ To=25 C Pp 1000 mW
*Thermal Resistance, Junction to Air 0,a 0415 °Cimw
*Thermal Resistance, Junction to Case ¢ 0.09 °cimw
Dual-In-Line Plastic Package o
Maximum Junction Temperature o Ty 150 C
Maximum Internal Dissipation @ T4 = 25 C Pp 625 mwW
*Thermal Resistance, Junction to Air AT 0.20 mw/°C
*Thermal Resistance, Junction to Case 8¢ 0.15 mw/°C
Qperating Temperature Range Ta —30 to +75 oC
Storage Temperature Range Tstg —55 to +125 0C

*Note: Thermal Resistance values are specified with the device mounted in a socket in still air.

TA=239C VR=21% Veo=£1% Vi =21% Viq=+£1% Vg=1+1%

cP Clock Pulse .
IcCEX Collector-to-amitter lqakm of the output transistor
lccH Vg current drain when all inputs are high
lecu Vc current drain whaen all inputs are low

g Forward current of input diodes for unit input load

24 Forward current of input diodes which are equal to
twice unit load

lon Test current flowing into the output pin when output is high.
(Negative) B

loL Test current flowing into output pin when output is low

IR Reverse current of input diodes with Vg applied

2R Reverse current of two input diodes with VR applied

lsc Short-circuit current obtained from device output when
output is high

tod+ Propagation delay time for a positive-going output pulse

tod- Propagation delay time for a negative-going output pulse

Vee Device power supply voltage

VeeH High power supply voltage

Veeo Low power supply voltage

VCeEX Collector-to-emitter voltage of the output transistor

Vg input voltage when measuring | g

ViH Threshold voltage for high input voitage state

ViL Threshoid voltage for low input voitage state

VoH Output high voltage state with I flowing out of pin

Vou Output low voltage state with | flowing into pin

Vg Reverse voltage for input diode teakage test

Vx Threshold voltage for low input voltage state on expander unit

loL=+1%

loH = £1%

Sheet Q.
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GENERAL INFORMATION
MC660 Series

PACKAGING

All MHTL integrated circuits are available in a dual

in-line ceramic package (add suffix L to type num-
ber when ordering) and in a dual in-line plastic

package (suffix P).

L SUFFIX INCHES MILLIMETERS
CERAMIC PACKAGE

CASE 620

e
z
H
2
2
b3
x|

810 ]
.990

|

080
508
180

50
889
430

.400 6!
0.100 TP 2547TP

9381 | 0
2930 | 3.
150 ]

18 15 14 13 12 17 10,8

w|2i2lr x| x| n]m|ojoio[»
1=
= I e = W e )
2| C|aims
off Lk g =1 P & .I. o
—
tdt=d l
[]ol

0.300 TP 7620 TP
0008 T 0012 |- 0.203 | 0305
- 325 - 8.260 |

o]

: 4}

Ec
SEATINGT } ! _j‘""—i M
—' H L-_“. o ‘ \/L N‘A\’

NOTES:
1.DIM. "M" IS MEASURED AT CENTER OF
LEADS WHEN FORMED PARALLEL.
2. "1 INDEX:
NOTCH IN LEAD. INK DOT, OR
NOTCH IN CERAMIC.

P SUFFIX MILLIMETER INCH

PLASTIC PACKAGE DIM ! MIN | MAX | MIN_ | MAX
CASE 646 B“
TO-116 T
5
F
G ————{
H | 132 [ 183 | 082 072
] Fx) 38 009 14
K 292 [ 343 | 118 3 |
L1 737 | 787 | 290 | 310
. A ‘T‘ - 109 - 100
‘ l Y [ 707 l;_v‘% RELAAL
i 7] 64 -025 RAD
'7I:LI'1 naonon r.: V1 13 1T 38 ] o8 | a5
'é . Dimension “L" to kad centertine when
8 formed peraflel.

u
8 1

4
LJULJLJULJLLJLV

L SUFFiX INCHES | MILLIMETERS
CERAMIC PACKAGE U4 MIN | MAX | MIN__MAX
A1 0.660 | 0.780 { 17.400 [ 19.900
CASE 632 e T - T o700 = 5.080
TO-116 D | 0.015 | 0023 | 0381 | 0588
F 0. 070 | 0.770 | 1.770
H [ 0080 | 0110 | 2290 | 27%0
4 10190 | 0210 | 4830 | 5330
I MR A )
M| 0280 [ 03 3 ;
J-i l’.' ’-— W N {0008 | 0.015 | 0203 0381
220 | 0280 | 5580 | 7.110 ]
R [ 0290 | 0310 | 7310 | 1870
INDEX  / / - o3| - 260
noTeH 1 1050
N U[0.020 | 0.030 | 0.568 | 0.762 :
1 NOTE:

1. “R" ~ instatied Position of Lead Canters.

VYV ¥

All JEDEC TO-116 dimensions and notes apply.

_f__.! " l_ SEATING N,\f

PLANE
Weight = 1.954 grams

i

P SUFFIX MILLIMETERS | _ INCHES
PLASTIC PACKAGE [O1M] E ™I MAX
CASE 648 221 815 | 835 |
609 | 6680 | 240 | 260
C I ag | a5t 1 1
D | 38| 51 | o015 | o
T14 ] 740 | 045 ] 055
100 BSC
H [ 132 | 183 | 052 | 07
J | 201 30 | 08 0
K [ 292 | 34 | 5 [
T 7. T8l |70 | 310
M - 1 - 100
N 64| 89 | 075 | 0%
) T 70 TVP 79 Tve
v A U A RAD 075 RAD
18 9 VI W1 38 [ 005 ] 015 |
DO NDNNANNNAN NOTES:
1 1. DIM “L" TQ CENTER OF LEADS
j 8 WHEN FORMED PARALLEL.
Y] I o _‘

MOTOROLA Semiconductor Products Inc.

BOX 20912 o PHOENIX. ARIZONA

Bl tweini othegogan ot “

85036 o A SUBSIDIARY OF MOTOROLA INC.




ME:DEH’& INTEGRATED CIRCUITS FROM MOTOROLA M[}DW&

*MC660 Series (-30 to +75°C) ISSUE B

P SUFFIX
PLASTIC PACKAGE
CASE 646
TO-116

Motorola’s MHTL integrated circuits are especially designed to meet

the requirements of industrial applications because of the outstanding

noise immunity. MHTL circuits provide error-free operation in high P SUFFIX
noise environments far beyond the tolerance of other integrated circuit PLASTIC PACKAGE
families. Multifunction packages and broad operating temperature range CASE 648
further tailor this device family to the industrial de:}igner's requirements.

¥
. L SUFFIX
*MHTL cermaic dual in-line devices are available with specification over the -55°C CERAMIC PACKAGE
to +125°C temperature range and/or with hi-rei processing on special order. See CASE 620

your Motorola representative for pricing. {

MHTL, MDTL, MTTL, and MRTL are trademarks of Motorolia Inc.

L SUFFIX
CERAMIC PACKAGE
CASE 632

BEST COPY

FUNCTIONS AND CHARACTERISTICS (Ve = 15V £1.0 Vde, Tp = 259C)

Power
Type @ Loading Propagation Dissipation
-30 to . Factor Delay mw
Each Output ns typ typ/pkg Case
o - es/26 @ | 632.646
) 88/26 @ 632, 846
180/26 @ 632, 646
200 . | 632,648
. 1680- 632, 646
Triole Lovel Transiat rog (maTL). | 692,848
Triple Level Trenstetor R 105 632, 646
Dual Monastable Muttivik - : L 140 240 | 632 646
Quad 2-input Gate" A1 . 128 176/52 @ 632, 646
Dual 4-1 t E x; — ' S - - — 832, 646
Triple 3-input’ { 128 132/39 632, 646
Triple 3-input G ’ 110 132/39 - 632, 646
Quad 21nput Gate. (active pil 110 176/52 " 632, 646
Dual 2:input AND-OR-INVERT Qs 110 160/50 632, 646
Dus! 2-Input AND-ORINVERT Gaw 128 160/50 632, 646
Ousl Putse Stretcher. B atinies 180 632, 646
BCD-To-Decimal Decoder-Driver . P -~ 380 620, 648
Hex inverter With Strahe:(sctive pullup) .- - 110 246/96 620, 648
Hex Inverter With. Strobe (without output.resistors) 128 192/96 620, 648
Dual Lamp Driver <" = . 7 LU .1 wmcaere.8 128 0.5 us typ 250/30 632, 646
Hex Inverter S T : -MC680 - 10 110 246/968 632, 646
Hex Invertar (open collector). - . i | .mMce81 10 125 192/96 632, 646
Qued Catch . . . - ' T 1 MC882 10 250 375 620, 648
Quad:2-Input Exclusive OR ..~ < U« - ¢ MCe83 .10 . - 380 632, 646
o | Decads Counter - ) i mMCes4 10 0.5 MHz 480. - ..{ 620,648
o | Binary:Counter:: - . MCE86 - 10 0.8 MHz 480 620,648
® | 4-Bit-Shift Register. . MC888 - 10 0.5 MH2z . 480 620,648
o | Dual J-K, Elip-Plop- - i - _ 1. mcess 10 2.5 MHz 375 620,648
o | Hex-tnverter (high voitige — . ] MC689 SRR 150 ©173/58 632,646
o | Hex'Ifvarser (active: pajttiip? . :f.mcee0 | U - 1@ - 180 J 173/85 632,646

@ L suffix denotes Dual In-Line Ceramic Package, P denotes Dual In-Line Plastic Package (i.e., MC660L = Dual In-Line Ceramic,
MC660P = Dual In- Line Plastic Package).

(@ Inputs High/input Low tTog

$ T MCTORDLL ND 1372
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BEST COPY



Numbers at ends of terminals represent pin numbers.
Numbers in parenthesis indicate loading.

(Ve = Pin 14, Gnd = Pin 7 for Case 646 and 632; V¢ = Pin 16, Gnd = Pin 8 for Case 648 and 620.).

— GATES tcontinued) —FLIP-FLOPS

=

: MCE83
Quad-2-input Exclusive OR

“

(R J Q 6. (9)
(1.5) 4 T ‘
(1 2 K A Gp———1 (@)

(2) 33—

(1 9
{1.8)10

M 12
(2

8 (9)

13(9)

‘t’fuuition of clock pulse
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Mﬂﬂvﬂ, LOGIC DIAGRAMS

MAXIMUM RATINGS (T, = 25°¢)

Rating

Symbol

BEST COPY

MOTOROLA Semiconductor Products Inc.

BOX 20912 o PHOENIX. ARIZONA 985036 o A SUBSIDIARY OF MOTOROLA INC
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M[H]Wﬂ: INTEGRATED CIRCUITS FROM MOTOROLA M[}W&

*MC660 Series (-30 to +750C) ISSUE C

P SUFFIX
PLASTIC PACKAGE
CASE 646

Motorola’s MHTL integrated circuits are especially designed to meet
the requirements of industrial applications because of the outstanding
noise immunity.  MHTL circuits provide error-free operation in high P SUFFIX
noise environments far beyond the tolerance of other integrated circuit PLASTIC PACKAGE
' families. Multifunction packages and broad operating temperature range CASE 648
further tailor this device family to the industrial designer’s requirements.

L SUFFIX
*MHTL cermaic dual in-line devices are available with specification over the -55°C CERAMIC PACKAGE
to +125°C temperature range and/or with hi-rel processing on special order. See CASE 620
your Motorola representative for pricing.
MHTL, MDTL, MTTL, and MRTL are trademarks of Motorola inc. .

L SUFFIX
CERAMIC PACKAGE

@EST @OPY CASE 632

FUNCTIONS AND CHARACTERISTICS (Vcc =15V £ 1.0 Vde, Ta = 25°C)

Power
. Type @ Loading Propagation Dissipation
-30 to Factor ‘ Delay CmwW
Function +759C Each Output ns typ typ/pkg Case

SRS AR rAT A
SR

Rk Hy o »
9020 | aaa
. AT £

A

@ L suffix denotes Dual In-Line Ceramic Package, P denotes Dual In-Line Plastic Package (i.a., MC660L = Dual In-Line Ceramic,
MC660P = Dual In-Line Plastic Package)
@ Inputs High/input Low @ frog

® New Devices

MOTOROLA Semiconductor Products Inc.
' LMOTOROLA 'NC 13
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|
Numbers at ends of terminals represent pin numbers.
Numbers in parenthesis indicate loading.

(Vce =Pin 14, Gnd = Pin 7 for Case 646 and 632; Ve = Pin 16, Gnd = Pin 8 for Case 648 and 620.) *
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' MB{JW& LOGIC DIAGRAMS

.~ LINE DRIVER/RECEIVER -
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EXPANDABLE MHTL MEGGO o
DUAL 4-INPUT “NAND" GATE series MOTOROLA

(Active Pullup)

MC660

This device consists of two expandable 4-input NAND gates with
active output pullup.

h - :

2 Positive Logic: 6 =12 +4 ¢« 5+ [3]
6

iy
s .
3
9

—

Input Loading Factor = 1
Qutput Loading Factor = 10

10 8 Propagation Delay Time = 110 ns typ
12 Typical Total Power Dissipation
13J tnputs High = 88 mW typ/pkg

1 . Input Low = 26 mW typ/pkg

BESTCOPY -

ELECTRICAL CHARACTERISTICS TEST CURRENT/VOLTAGE VALUES (All Temperatures) |
Test procedures ‘are shown for one gate mA Volts i
only. The other gate is tested in the same loo § ton | Vi | Vim | Vel Vo | Vx| Veex | Vec |Vear i Veew!
manner. 12.0 | -0.03/6.50| 8.50 11.5] 16.017.20| 16.0 | 15.0]14.0] 16.0
i | _ MC660 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
| lubn [ =30°C_| +25°C | +75°C R
i i H i [l .
Characteristic | Symbol | Test | Min | Max | Min ; Max | Min | Max | Unit | oo | low | Vi | Vi | Ve| Vo | Vx| Veex | Vec i Vect 'Veew Gnd
Qutput Vultage I VOL 5 - 1.5 - 1.5 - 1.5 Vdce 6 - - 11,2,4,50 - - - - - ; 13 ,
i - ; i
PV 6 - - s - 12.5 - : - 6 1 - - - - P T -
OH L b - i - ! - Co e B e Y :
: I - - - - ! - 4 - - - - - L2 -
: ! L. - - - A - 5 - - - - -2 -
) , [ A - ] - - v - ' - - . - 3 - R [
Short-Circunt b 6 - - -6.5 {-15.0 -6.5 | -15.0 | mAdc - - - - - - - - - - 14 1o,V
. i SC | {
Current : i . { |
Reverse Current | | 1 - - - 2.0 - 2.0 | zAde - - - - - 1 - - - b 14
, SR o] T R I D R I T T R
. 4 - - - - : i - - - - - 00 - - - -
1 5 - - - \J - \ ' = - - - - 50 - - -
Output Leukage ¢ leex 6 - - - 100 ; - 100 | :Adc - - - - - 6,14 - - - 3
Current : | . ;
Furward Current: Ig 1 - - - -1.20] - -1.20 | made - - - N 12,4,5] - - - - 4 ;
i 2 - - - - : . - -] - - 2 01,45 - - b
4 - - - - : - - - - 4 11,2,5] - N
5 - - - v - v v - - - - 5 01.2,4; - - b - - v v
Power Drain I 14 - - - 3.0 - - | mAde - - . - Poe i L2 5T
Current ccL ; ! ; 5,10,12, 14
(Total Devicve) ICCH 14 - - - 10 - - | mAdc - - - U - - - - - 14 h
Switching Times \ . Pulse | Puise i
\ In_| Out i
e | 8 -] - - | 200} - - | ns 1 6 - - -] - - - Hopo- g :
.6 6 - - - 100 - - ns 1 6 - - i - - - - 14 l - i
Pins not listed ure left open.
A . 50%
T 10% i Gnd
- Hem Gt 16—
-LL'~"'¢'3°"“ -H—q::(lm
R e o o 50% P
= 500 kHz- )
Gnd

See General Information section for packaging.
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EXPANDABLE
DUAL 4-INPUT “NAND" GATE

(Passive Pullup)

MCé661

MHTL MC660 series MoTomora | AA

ISSUE A

This device consists of two expandable 4-input NAND gates with
I“‘ passive output pullup.
15 k 3k
1 —l
20— s Positive Logic 6 =1 ¢« 2«4 + 5 «{3]
12 k a—f
4’ s_r—J
3 Input Loading Factor = 1
—Pt-o9 9 Output Loading Factor = 10
—Pto 10 10— 8 Propagation Delay Time = 125 ns typ
5 K ‘2—'__1_ Typical Total Power Dissipation
—Pt-0 12 13 Inputs High = 88 mW typ/pkg
13 11 . Input Low = 26 mW typ/pkg
os ———o011
’
ELECTRICAL CHARACT_ER'S.TlCS TEST CURRENT/VOLTAGE VALUES (All Temperatures)
Test procedures are shown for one gate mA Volts
only. The other gate is tested in the same loy lon | Vie] Vi §Ve| Ve ! Wy 1‘ Veex | Vee 'vccL ’ Veen
manner 12.0 [ -0.03]6.50] 8.50 11.5] 16.0 |7.20] 16.0 ' 15.0 ] 14.0 15.0
: ‘ :
i : X MC661 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
: e [ =30°C | _+25°C_ | +75°C T ‘
Characteristic : Symbol; Test !Min| Max | Min | Max | Min | Max ! Unit | lou low | Vie ] Viw [ Vel Vo | Vx| Veex ; Vec Vect Veen  Gnd
Qutputl Voltace v i 6 - 1.5 - 1.3 - 1.5 Vde [} - - 1.2. 4.5 - - e e B - :
ok ' P
\OH B : i l..:.a 12.5 : . 6 : - P ! § ; - fj; 1
- - - - - 4 [ R i1.2.5
- - - - - 5 R - - 2.4
’ - . ' - 1 R ' . 1 - R 3 | - b J v
Short-Cireunt e i0B oo ] -06 ! -nsi-0.6] -1.5 ] made| - - - - - e 13 it
Current . ) : i 1 i i
Heverse Current [ 1 . - 2.0 - 2.0 | :zAde - - - - - ) 14 .
R ) ) _ _ _ I _ ) i} ) , ) :
3 - - - - - - - - - PO - 1.
5 - - - ' - v v - - - - - 500 - 1. - v i
Output Lewkize e 5 - - - 100 - 100 Adc - P-o- P RS e
Current ! i ! ¢ N i :
Frorward Current lF 1 - | - - -1.20 - 1-1.20! made - - - - ! . L3 - - 13 T
2 [ - s - - - - 50 - - -
. - - - - E - - 5 - - -
] - - - v - v -0 - - - - - - - v v
Power D ieep |1 - - - 3.0 - - Imadey - - - - - - ol
Current H | I !
Tolal Devieed lCCH s 14 - - - 10 - ‘ - mAdce - - - - [ -y - . 14 B
Switenmn Trmes i Pulse | Puise i .
. | In Out : : |
Ueg- 6 - - - 250 - - ns 1 6 - - - - - 14 B
Qen 6 - - - 100 - l - ns 1 6 - - - - : N P ;
Pies ot listed are left open,
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
. TPin TPout
(o} Vee
90% TPin 50%
50% 8.5V MC 880 1.5k
10% i Gnd
Gnd o— } ti—g+ t1+6-
~l l——t,=20ns — I--tf =20 ns ' ‘
. . €1 Tpou( 50% - | e
f = 500 kHz2 100 pF <
DUTY CYCLE = 50% - Gnd
——

See General information secrion for packaging.



EXPANDABLE
DUAL 4-INPUT LINE DRIVER

MC662

ELECTRICAL CHARACTERISTICS

MHTL MC660 series MOTOROLA |

ISSUEA

This device consists of two expandable 4-input NAND line driv-
ers with active output puliup. This device allows fan-out to 30
MHTL gates and drives large capacitive loads.

N

2—___}

1

Positive Logic 6 =124 ¢5 (3]

Input Loading Factor = 1
Output Loading Factor = 30

Propagation Delay Time =140 ns typ

Typical Total Power Dissipation
Inputs High = 180 mW typ/pkg
Input Low 26 mW typ/pkg

TEST CURRENT/ VOLTAGE VALUES (All Temperatures)
Test procedures are shown for one driver mA Volts
only. The other driver is tested in the | | v v m v v, v v v "
same manner. ou | 'on i W £ [} x | Yeex | Yee |Yeal| Yeen |
36.0 | -0.09}6.50| 8.50 (1.5| 16.0 |7.20] 16.0] 15.0 4.0 16.0 !
Pin _ MC682 Test Limits _ TEST CURRENT 'VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | —30°C +25°C +75°C »
Characteristic | Symbol | Test | Min | Max| Min [ Max | Min | Max | Unit | 'ou | lon | Vi Vi (Ve Ve | Y| Ve | Vee |Vea Veen Gnd
Lutput Voltuge VoL 6 - 1.3 - 1.5 - 1.5 vde 6 - - 01,2045 - - - - - 14 - H
’ Von s - - a2l - 12,5 - j - 6 1 - - - - - 2.45] 14 ;
- ; - ; - X - ! 2 - - - - -l nas) g
-0 | . ; - ; - | 4 - - -] - -t -
-0 - ! - i - - | 5 - - - - -2 P
N R 2 A R P I O i A A
Short-Creut e 5 - 1 -10.0/-25.0] -10.0{ -25.0] madc| - - - - S - b e
Current e .
Reverse Current lR 1 - - - 2.0 - 2.0 | sAde - - - - - 1 - - - 14 - 2.3, 4
2 - - - | - | | - - - - - 2 - - - - L3
4 - - - : - : : - - - - - 4 - - - - L,
5 - - - ] R ' ' - - - - - s - B - v - .
utput Leakage lorx 5 - - - " 100 - 100 | .:Ade - - - - - - - 8. 14 - 1.7
. Current o |
Forward Current Il-' 1 - - - -1.20 - -1.20! mAdc - - - - 1 12.4,5) - - - P h
2 - - - [ - i | - - - - 2 11.4,5] - - - -
4 - - - i - 1 - - - - 412,35 - - - -
5 - - - J - J 1 - - - - 5 2.4 - - - - 1 '
Power Dram 1 14 - - - 1.0 - - maAadce - - - - - - - - - 14 RN
Current ccL | ! v.10.12.13
(Total Device) lCCH 14 - - - 17 - - maAdc - - - - - - - - - - 14 T
Switching Times Pulse | Pulse J
In Qut ¢
tise 6 - - - 250 - - ns 1 6 - - - - - - 14 - - i
Ye. 6 - - - 100 - - ns 1 [ - - - - - - 4o - -0
Puis not tisted are left upen. i
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
TPin TPout
90% . Vee
50% 85V TPin 50%
10% l MC660 510
Gnd Gnd
-—l l—t' S20ns - l—tstOm O t1-6+ t14+6-
TPout 50% o
Gnd
f =500 kHz -

DUTY CYCLE = 50%

See General Information section for packaging.
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The fact that the MC663 may be used as either a syn-
chronous (clocked) flip-flop or in the dynamic J-K mode
lends a great deal of versatility to the device. Typical
applications — as well as a description of operating princi-
ples — may be found in Application Note AN-414.

The high degree of noise immunity inherent in MHTL
allows the use of diode “AND"" gating if desired with very
little loss in performance. A discrete 30 k§2 pull-up resistor

is recommended to charge the capacitance associated with
the input and insure “one”’ state noise immunity. (The
resistor adds 0.4 loads to the input loading factor.) The
Gray-Code counter circuit below illustrates this technigue.
The discrete components in this counter may be replaced
by three 2-input NAND gates, one 3-input NAND gate, and
four inverters if desired.

DECIMAL GRAY CODE COUNTER

A 8 c o
o o ? (?
Vee o- * » »
%30!( %30!( %306( ‘lsok
< < < <
| S—
—»i
Input O—
b Q J Q —, a —, Q
o™
2 8 g 2
L—qc & —dc  © —dc © —dc o
b 2 s s -
N ! x BN X
— K 3 —iK fo] [ K o
K Rp a Rp Q Rp ’_T Rp
Reset O—— I T
)
—1 3
A B8 C v} ¥ % MC683
\
0 0 0 ) n > M
(s} 0 0
: o | o 1 % MC683 )
1 0 1 1
1 0 1 0
1 1 1 0
0 1 1 o] Each Diode = 2 MSD6150 Or Equivalent
0 0 1 0
¢} o 1 1
0 o 0 1
) 0 o] 0




DUAL J-K FLIP-FLOP

NOVEMBER 1971

Two J-K flip-flops in a single package. Each flip-flop
has a direct reset input in addition to the clocked inputs.

CIRCUIT SCHEMATIC
{1/2 OF CIRCUIT SHOWN)

Vee a a
IAT 6 ?1
l1s[1.5 1.5 l
15k36.0k315kS k3 k k315k 215k36.0k 315k
S

o
b4
10 k
b 1.0k
3
5.0 k]
ol
T
26

See General Information section for packaging.

Input Loading Factor:
- - ﬁo Input = 2
) Clinput=18._.
=+ s w . Other-loputs = §...

Output Lasding Factor = 9
. Mog = AIMHZtyp '
tal-Powst Dimipstion.= 200 mw typ

TRUTH TABLE

th th+1
In | Kn Cn | Ro | Jn+1 Kn+1|Cn+1]| Rp Qn+1

See ? 8 :( . 1 X X X 1 Qn
Note 1 1 0 0 1 1
e 0|1 1 1 o 1 o 1 0

1 T 1 1 1 1 o] 1 Q,

See )'< X (1) 1 X X o 1 Q,
Note X 1 o Kn 1 1 1
¢ X |1 1 1 In Q 1 1 o

1 1 1 1 o 0 1 1 3,
See | | x x 1 x x x 0 0

Noteg

3. t, refers to the time period immediately prior to an input tran-
sition. th+1 applies to the time period after the transition.

b. Jn, Kp, etc., denotes the state of the input during the time
period tn: Jai4q, Kneq, ete., denotes the state of the input
during the time period the -

€. Qp4q denotes the state achieved by the output during the time
period ty, 4.

d. A‘0” atan input terminal denotes low state (-1.0 V t0 6.5 V),
““1"" denotes high state (8.5 V to 18 V). An "X’ means that
either a "’0’’ or "1’ may be applied. ’

@. This portion of the truth table refers to synchronous (clocked)
operation. Note thata’ 1’ to ‘0" transition of the J or K input
should not occur while the clock input (C) is high.

f. Thisportion of the truth table refers to dynamic J-K operation.
Note that the clock input (€) must remain high for this mode of
operation.

9. Thisportion of the truth table refers to asynchronous operation.
Note that a low level on ﬁD overrides alt other inputs.

h. Rise (or fall) time of inputs should be lass than 200 nanosec-
onds measured between 6.5 and 8.5 volts.

i- Inputs which are not used should be returned through a resistor
(2 k§2-20 k2) to Vee-




MC663 o

aELECTRICAL CHARACTERISTICS

nless otherwise noted, tests are shown for
only one flip-flop. The other flip-fiop is

tested in the same manner.

5 J QpfF——6 9—J Q 8
4——qcC 10—qcC
2 K Rp QF— 12 K Rp Qf 13
j’ ? TEST CURRENT/VOLTAGE VALUES (All Temperatures)
3 11 mA Votts
. o fon Vik Vin VE VR | Veci | Veew
108 [ 0027 [ 650 | 850 15 16.0 14.0 16.0
Pin MCE83 Test Limits TEST CURRENT/VOLTAGE APPLIED
Under -30°% +25°C +75% TO PINS LISTED BELOW:
Charscterimtic  |Symbol | Ten Min Max Min Max Min Max Unit oL oM ViL Vin Vg va | veer | Vecw | cr, Gnd
Output Voltage Voo 1 - 15 ~ 1.5 - 1.5 Voc 1 - 35 - - 14 - 4 7
3 - 1 - 15 - 1.5 Vac 6 - 5 2.3 - - 14 - a 7
Von 1 = - 12, = 125 - Vac - 1 23 B = - 14 - [0 7
1 - - 125 - 125 - Vo - 1 5 2.3 - - 14 - 4 7
6 - - 125 - 125 - Vdc - 6 2 35 - - 14 - 4 7
Short Circust isc 1 - - .5 -15 6.5 -15 mAdc - - 34 - - - - 14 - 1.7
Reverse Current ) 2 = - - 2.0 = 2.0 WAOC = - - = - 2 T4 - 3457
EL) 3 - - = 6.0 - 6.0 uAdc - - - - - 3 [zas504]| - - 7
2R 4 - - - 4.0 - 4.0 uAdC - - - - - 4 14 - - 2357
I 5 — = = 2.0 - 2.0 uAdc - = - = = 5 [ - - 2,47
Forwaro Current Ie 2 - - - -1.20 - -1.20 mAdc - - - - 2 - - 14 - 7
2 3 ~ - - -2.40 - -2.40 | maac - - - - 3 - - 14 - 2457
T.Sig 4 - - - -1.80 - -1.80 | mAdc - - - - « - 2514 - 7
I3 5 - = Z -1.20 = -1.20 | mAcc - - = - 5 = ~ 4 Z 7
Power Drain Current] Iccy 14 - - - 16.7 - - mAdc - - - - - - - 14 - 2345789,
(8oth Fup-Fiops) 10.11,12
lecH 14 - - - 16.7 - - mAdc - - - - - - - 14 - 7
Pint nOt 115100 are lett open.
CP, CPy
VoH VoH
Vin o ViH t, <200 ns
ViL ViL— t¢ <200 ns
L—VOL T—VoL W 2200 ns
t, e W —== t tf —od l-— w —1,
TOGGLE MODE TEST CIRCUIT
TPin vce TPout Ve
2.0 MH2z I
85V — ’__.__".‘"_“3__.] Rp
' 8
ovVv -J 2 | - | o}
1 ]
250 ns | |

1 €20 ns (10% to 90%)
t¢ < 20 ns (80% to 10%)
DUTY CYCLE = 50%

|

": Ving1and.ground:connsctions to the devices are:not showi. "
Fragusncy, a2 TPq,,. must be % frequency-at TP,




/.
tR -Q- tCc -0+ . tc -a- Yy-a+ K -Q-
— D D —— —
o N I i N
a !i \ ‘ 65V
N/ ) W———
-ta - Fta
tc -8+ y_a- i -8+
Rl i il g sl
85V
3 .4 £ e
e Al
-30°C 25°C +75°C
Charactaristic Symbel Typ Min Typ Typ Units
Propagation Delay R-Q- 55 - 80 65 ns
tR-O+ 150 - 180 210 ns
tCc-Q+, tU-Q+ 150 - 180 210 ns
tc-Q-- -Qa- 55 — 60 65 ns
tc-Q- tK-Q- 55 - 60 65 ns
tc-Q+ K -0+ 150 - 180 210 ns
Rise Time trQ, trQ 35 - 36 40 ns
Fall Time , t¢Q. t4Q 5.0 - 5.0 4.0 ns
- Operating Frequency fmax 4.0 2.0 4.0 3.0 MH2z




Noiss margms “will. hﬂ;m m[y,,,but wnll re-‘
main approximately. 5.ag:6:times. better. than 6 valt logic.
The supplementary. -elsctrical.characteristio table listed

below can be used to ir n:of the devices.at 12
volt supplies. The table uses budt-mguatdhqndsto allow
a high degree of probability that: the devices will perform
over the temperature range of 09C to 759C even if tests
are only made at 259C. (If tests are made at the temperature
extremes, 10| and 10} shouild be reduced to 4.0 mAdc
and 15 uAdc respectlvelv, ‘and IR increased to 2 pAdc.)

This table does not n_apmsent guaranteed values, but
rather a set of recommended tests to which the MC663 may
be screened to insure operation at 12 Vdc.

TRICAL CHARACTERISTICS

TEST CURRENT/VOLTAGE VALUES (Al Temperatures)
otherwise noted, tests are shown for mA Vol
[¥) one flip-flop. The other flip-flop is
. [ | v v v v 7 v
tested in the same manner. oL OH L H F R ccL | vecH
4.0 -0.012 | 6.50 8.50 1.8 1225 | 1175 | 12.25
. Test Limits
Pin TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | All T-vnwnuru@ -~ -
Characteristic Symbol Test Min Max Unit loL 1oH: Vi ViH Vg VR Veer | VeeH CP, CPy Gnd
Qutput Voltage Voo 1 - 1.8 Vde 1 - 2 35 - - 14 - .4 ~ 7
6 - 1.8 Vdc 6 -~ 5 23 - - 14 - 4 - 7
Vo 1 10.5 - Vdc - [ 2.3 5 - - 14 - 4 - 7
1 105 - Vde - 1 5 2.3 - - 14 - 4 - 7
6 10.5 - Vde - 6 35 - - 14 - 4 - 7
Snort-Ciecuit Current Isc 1 -5.0 -10.0 | mAdc - - 34 - - - - 14 - - 1.7
Reverse Current g - 2 - 1.5 gAdc - - - - - 2 14 - - 3457
3R 3 - 45 uAdc - - ~ - - 3 24514 - - - 7
2ig 4 - 3.0 sAdc - - - - - 4 14 - - - 2357
IR 5 - 1.5 wAdc - - - - - 5 14 - - 2347
Forward Current g 2 -0.55 -0.80. | mAdc - - - - 2 - - 14 - 4 7
. . 21 3 -1.10 | -1.60 | mAdc - - - = 3 A - 14 - - 2457
1.5, 4 -0.80 | -1.20 | mAdc - - - - 4 - - 2.5.14 - - 7
13 5 -0.55 -0.80 mAdc . -~ - - 5 - - 14 - 4 7
Power Drain Current fccL 14 - 120 | mAdc - - - - - - - 14 - - 234579101112
(Both Flip-Ftops) ICCH 14 - 12.0 mAdc - - - - - - - 14 - - 7

Pins not listed are left open
@ Best results obrained if T limited 10 0°C to 75°C.

cP, . CPp
ViH — VOH

A\
Vin OH t, < 200 ns

Vio t4 <200 ns

ViL—
?_VOL - VoL W 2200 ns
t, M= W — ¢ Tf —ed l‘.w —t,




APPLICATIONS INFORMATION

The fact that the MC663/12663 may be used as either
a synchronous (clocked) flip-flop or in the dynamic J-K
mode lends a great deal of versatility to the device. Typical
applications — as well as a description of operating prin-
ciples — may be found in Application Note AN-414.

The high degree of noise immunity inherent in MHTL
allows the use of diode “AND"" gating if desired with very
little loss in performance. A discrete 30 k2 pull-up resistor

is recommended to charge the capacitance associated with
the input and insure “one’” state noise immunity. (The
resistor adds 0.4 loads to the input loading factor.) The
Gray-Code counter circuit below illustrates this technique.
The discrete components in this counter may be replaced
by three 2-input NAND gates, one 3-input NAND gate, and
four inverters if desired.

DECIMAL GRAY CODE COUNTER

A 8 (o4 o]
o (o] o o)
Vee o » » ' >
éaok %30!( %:!Ok '%30\(
< < <
S
+—
Input O
i
] - 8 Q J ™ Q p—1J - Q J - Q
© © Qv m © ®m ©
o~ Q0 @ © © e ®
o - oo o N © o
——CCEU —qcC UU CCQG {ICUU
2 4 23 sz 23
X N o .
< N N - R .
g K T a —iKk _ ~ G K _° o
[—K Rp - Rp Rp Rp
Reset O—— I
) l
p
A 8 (o} D ¥ Y%a MC683
\
0 0 0 ) M
o] P
} 8 g 1 % MC683
1 ] 1 1
1 o] 1 [+]
1 1 1 0
] 1 1 o] Each Diode = ¥4 MSD6150 Or Equivalent
o] 0 1 0
o] o] 1 1
] o] o] 1
o] (] o] o]
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DUAL J-K FLIP-FLOP

MC663
MC12663

ISSUE A

The MC663 and the MC12663 consist of two J-K flip-flops having
direct reset inputs in addition to clocked inputs. The 15 volt V¢ de-
vice (MC663) and the extended 12-15 volt V¢ device (MC12663),
are schematically indentical. The MC12663 meets the MCG63 specifi-
cations in addition to the 12 volt specifications. Both are available in
the 14 pin dual-in-line plastic package (suffix P) and the 14 pin dual-in-

line ceramic package (suffix L). A full temperature version of the
5 J Q 6 MC663 dual-in-line ceramic is also available (suffix tL). This device
4—qc _ meets the -30 to +75 standard specifications at -55 to +125 respec-
2—K pp Q1 tively.
3——?
9 4 Q 8 ,
10——dcC lnp\it Loading Factor:
12 K Rp a 13 50 Input = 2

Clnput= 15
11—-——j ~ Other Inputs = 1
Output Loading Factor = 9
fTog=3.0MHz typ
Total Power Dissipation = 2060 mw typ

4

TRUTH TABLE

th th+1

[
3
X
3
[gl]
=)
B/
o

J K C R
CIRCUIT SCHEMATIC n+1| Xn+1 1| Rp [ Qn+y

{1/2 OF CIRCUIT SHOWN)

- 0 -0
- - -
-0 -
- - - -
B

3

Vee Q&
14T 6 1 See

o]

- = - O] - ax

n+
X
o}
0
Q
o}
1

1

1

- X = X
Olo-p|loo-p

% g £15 1.5 1.5 R ¢
15k 26.0k315k k3 k k315k 215Kk36.0k 315k

) See
R Noteg

o]

x
X

[ RN
x|os o x
x[eof x|=--0x

X o]

o

a. t, refers to the time period immediately prior to an input tran-
| sition. tn,q applies to the time period after the transition.

b. Jn. Kp, etc., denotes the state of the input during the time
a period t,; Jn+q, Kpsq, etc., denotes the state of the input

. ’?/_Jb_\{ > > ¢ = x during the time period tp41-
4 ’ b >t €. Qp+1q denotes the state achieved by the output during the time
} 1 3 period t 4.
e 2 -

10 & 10k d. A0 at an input terminal denotes low state (-1.0 V t0 6.5 V),
1" denotes high state (8.5 V to 18 V). An X" means that
either a ’0”’ or ’1’* may be applied.

VW~

10 k
N e. This portion of the truth table refers to synchronous (clocked)
operation. Note thata' 1’ to ‘O’ transition of the J or K input
should not occur while the clock input (C) is high.

VWA
AAA.
VW

f. Thisportion of the truth table refers to dynamic J-K operation.
Note that the clock input (C) must remain high for this mode of
operation,

5.0 k 5.0 k 5.0 k 5.0 k

L )t l s g. Thisportion of the truth table refers to asynchronous aperation.
5 7 _4 3 2 Note that a low lavel on ﬁD overrides all other inputs.
C

Gnd

J

h. Rise (or fall) time of inputs should be less than 200 nanosec-
onds measured between 6.5 and 8.5 volts.

j- Inputs which are not used should be returned through a resistor
(2 k2-20 k) to Vee-

See General information section for packaging.



MC663 e MC12663

ELECTRICAL CHARACTERISTICS

ss otherwise noted, tests-are shown for
v .one flip-flop. The other flip-flop is
tested in the same manner.

5 J Q 6 9 J Q 8
4—qcC 10—qcC
2 X Rp Qr——1 12 K Rp Q 13
T j’ . TEST CURRENT/VOLTAGE VALUES (All Temperatures)
3 1 mA Volts
<
oL oM Vi Vin VE VR Veer | Veew ,
10.8 -0.027 6 50 8.50 15 16.0 14.0 16.0
Pin MCB63 Ten Limis TEST CURRENT/VOLTAGE APPLIED
Under -30°C +25°C +75°¢C TO PINS LISTED BELOW:
Characteristic  {Symbot | Tem Min Max Min Max Min Max Unit oL [ ViL Vin Vg VR | Vecu | Veew | cP, [ Gna
Outout Voitage VoL 1 15 ~ 15 - 15 Vdc 1 - 2 35 - - 14 - 4 7
6 - 15 - 15 - 15 Vdc 3 - 5 2.3 - ~ 14 - 4 - 7
VO 1 - - 125 - 125 - Vdc - 1 2.3 5 - - 14 - a 7
1 - - 125 - 125 - Vde - 1 s 23 - - 14 - 4 7
6 - - 125 - 125 - Vac - 6 2 3,5 - - 14 - 4 - 7
Short Crrcunt isC 1 - - %5 -15 £5 -15 mAdc - - 34 - - - - 14 1.7
Reverse Current ) 2 = - - 2.0 ~ 2.0 wAde = - - - - 2 14 B - 3457
3R 3 - - - 6.0 - 6.0 uAdc - - — - - 3 24,514 - - ~ 7
2R a Z S - ) - 40 wAdc = = - - - a 14 - 2357
I B - - - 20 - 2.0 wAdc - - - - - 5 14 - - 2,347
Forwara Current g 2 - - - -1.20 - -1.20 mAdc - - - - 2 - - 14 - a 27
2g 3 - = - -2.40 -~ -2.40 [ madc - - - - 3 - 14 - - 245
151 a - - = -1.80 - -1.80 [ mAdc - - - - 4 - - 2.5,14 - - 7
I3 5 _ - - -1.20 - -1.20 | mAdc - - - - B - - 14 - 4 7
Power Drain Current| Icep 14 - - - 6.7 - - mAac - - - - - - - 4 - 234579,
tBoth Fup-Fiops: . : . 101112
lccH ) - - - 16.7 - - mAdc - - - - - - - 14 - - 7
Pins not istec are tet: open
cP, CPy,
- VoH VoH
ViH Vin t, <200 ns
ViL tf <200 ns

- ViL—
tvo:_ “+—VoL W 2200 ns
t, —-W——J tf Tf —] w ~—t

TOGGLE MODE TEST CIRCUIT

TPin vce TPout Vec
I 15 v
2.0 MHz

85v— — . Mceso Rp

If' ] a 16k

8
oyl y | .
1 .
.L——L?SO ns ! |

t <20 ns (10% to 90%) b Q
tf € 20 ns (80% to 10%)

DUTY CYCLE = 50% 90 pF

|||-—)

Vee and ground connections to the devices are not shown.
‘Frequancy st TP,,,, must be % frequency at TPin.



[¢]]

'max

—d

Vow

VoL

VoH

R -8+~

tc-8 .= ‘._

-30°c 25°C +75°C
Characteristic Symbeol Typ Min Typ Typ Units
Propagation Delay tR-Q- 55 - 60 65 ns
tR-Q+ 150 - 180 210 ns
tc-q+, tj-a+ | 150 - 180 210 ns
tc-Q- Y-a- 55 - 60 65 ns
tc-Q- 1K -Q- 55 - 60 65 ns
tC-Q+ tK-Q+ 150 - 180 210 ns
Rise Time rQ, trQ 35 - 36 40 ns
Fall Time Q. tfQ 5.0 - 5.0 40 ns
Operating Frequency - fmax 4.0 2.0 4.0 3.0 MHz




'MC12663 — EXTENDED 12-15 VOLT SUPPLY
VOLTAGE OPERATION

Most MC663 devices are operable at a V¢ as low as
12 volts, there are times when it is necessary to guarantee
the 12 volt V¢ Operation as well as certain maximum
and minimum electrical characteristics. The MC12663 is
guaranteed to meet both the standard MC663 electrical
specifications and the 12 volt electrical characteristics.

ELECTRICAL CHARACTERISTICS — MC12663

TEST CURRENT/VOLTAGE VALUES (Al Temperatures) ’
Unless otherwise noted, tests are shown for A Vorns
only one flip-flop. The other flip-flop is i
tested in the same manner. oL 10H viL Vin Ve VR Vee
8.0 -0.016 | 6.50 8.50 15 12 12
Pin Test Limits | TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under |-30<Ta <+75%C 1 '
Characteristic Symbol Test Min Max Unit oL oM ViL Vin Vg VR Vee .| CP, CPy Gnd
Output Voltage : vou 1 - 1.8 Vde 1 - 2 35 - - 14 4 7
6 - 18 vde 6 . 5 23 - - 14 4 7
VoH 1 1.0 - Vde - 1 23 S - - 14 4 7
1 1.0 - Vde - 1 s 23 - = 14 4 - 7
6 1.0 - Vdc - 6 2 2.3 - - 14 a - 7
Shart Circuit Current Ics 1 -45 -12 mAdc - - 3.4 - - - 14 - 17
Reverse Current =) 2 - 2.0 uAde - - - - - 2 14 - . 3457
3R 3 - 60 uAde - - - - - 3 24514 - 7
21 a - 4.0 uAdc - - - - - 4 14 2357
[P’ 5 - 2.0 uAde - - - - - 5 14 - 2347
! 4
Forward Current g : 2 -0.55 -1.0 mAdc -~ - - - 2 - 14 - a | 7
g 3 -1.10 -2.0 mAdc - - - - 3 - 14 - 245
1.51g a -0.80 -15 mAde - - - - 4 - 25.14 - 7
s 5 -055 | -1.0 | mAdc - - - - s -~ 14 - 4 7
Power Drain Current lccw 14 - o125 mAdc - - - - - - 14 - 23457916,
{Both Flip-Flops) tecH 14 - 125 mAdc - - - - ~ - 14 7
Pins nottisted are left open
E\ Best resuits obtained if T4 limited to 0°C 10 75°C.
CP, CPp
——V Von
ViH OH VM t, €200 ns
V|L VIL'_ t§ <200 ns
- :—“VOL ' +—Votr W 2200 ns
" e VA =y ‘f “ — w  —— ('




e -m&i‘em:m
MASTER-SLAVE R-S FLIP-FLOP: ’

- MC664 . | ISSLJE A

A dc coupled R-S flip-flod operating on the master-slave : ) oo B
principle. Information is entered in the master section

CLOCKED.OPERATION'
while the clock pulse is high and is transferred to the slave th theq
when the clock goes negative. . DIRECT INPUT S1 | s2 [ Ry [ Ry Q

’ OPERATION 0 X 0 X Q
ﬁo §D Q [+ 0 X X 0 Q.
10 1 1 NC NC X 0 0 X Q.
Sl 1 0 1 0 X 0 X 0 Q,
D 0 1 0 1 0 X 1 1 0

3—fsy O\ - :
41 o Y af—s o o [wm{wm] o WD

Clock input.(C) must be low.
2——4c¢ ' NC=Nochangs. -~ -~ [} 1] x| o 1
":1:; R &—s o NATNetslowed L T IO Tl
12 Rp

tinputs (Ap, ) must be high.

Input Loading Factor: SN
Input = 3 ’ -

Other inputs = 1

Output Loading Factor = 8

'Tog = 3.0 MHz typ

e Sty aem

Total Power Dissipation = 160 mW.typ/pkg.

B

CIRCUIT SCHEMATIC

Vee
im
3.0ké 15k:§ J.Ok:E ’ %3.0!( 315k §3.0k
) 1.5k )] 1 ] ) 1.5k
6 9
Qo ’H X H —0 Q
< ' 3 {1 K
12k 3 j‘, ]/ 1263 l 312k v Kl 3 2=‘r
A 3 :
ldl | 2l
T Lal
> .
5.0k3 ' 5.0 k
2
Co-
6.0k 6.0k 36.0k 36.0k
> S ‘: 39.0k
9.0 k < 9.0k3 $9.0k N 3
3 1
Sjo0—j¢—4 ————0R,
>
a 5.0 k 35.0k 12
S20—j¢— , —Pt———oR;
5$ 7L vao /
ﬁD Gnd §D

See Generai Information section for packaging.
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ELECTRICAL CHARACTERISTICS TEST CURRENT / VOLTAGE VALUES (Al Temperatures)
‘mA Volts
lou low ' Vie Ve Ve Veer | Veew
9.6 [-0.02%] 6.50 8.50 1.3 16.0 14.0(16.0 A
T - : !
! Pin _ MC664 Test Limits _ TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
| Under |_—30°C_| +25°C | +75°C _
Characteristic |Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | 1o, low | Va Vin Ve Va Veeu | Veew | CP, | CP, Ground
Output VOL 6 ' - L3 - L5 - 1.5 | vdc 6. - - 3,4,11,12 - - 14 - - 5 7 v
Voltage 6 i | ! - 6 - 4 3.5, 11,12 - - - 2 - 7 .
6 4o - - 6 - 3 14,5 11,12] - - - a2 - 7 K
9% - - - 9 - - 134112 - - - - 10 7 T
I - . - 9 - 11 13,4,10,12] - B, -2 - 7
9 - - - 9 - 12 13,4,10,11 - - - 2 - 7 &7
VOH 6 - - 12,5 - [12.5 - - 6 - 5 - - 14 - - - 2,3,4,7,10, 11,12
9 - - 12,5 - [12.5 - - 9 - 10 - - 14 - - - 2,3,4,5 7, 11,12
Short-Circuit Isc 6 - - | =6.5] -15 |-6.5| -15 |mAdc - - 2,35 10 - - - 14 - - 6,7.9
Current 9 - - {-6.5! -15 }-6.5} -15 ImAdc| - - 2.10 5 - - - 14 - - 6,7.9
Reverse 41 28 - - - 8.0 - 8.0 |{uAdc - - - 5 - 2 14 - - - 3,4,7,10, 11,12
Current 4IR- 2t - - - 8.0 - 8.0 - - - 10 - 2 14 - - - 3,4,5, 7,11, 12
Ig 3 -l - -120] - |20 - - - - 3 (L0 R N 2,47
4 - - - - | - - - - - 4 14 - - - 2,3, 7
5 - - - - - - - 2, 11,12 - 5 14 - - - 7
10 - - - - - . - | 2,34 - 10 6o - - 7
11 - - - - - - - - - 11 14 - - - 2,7,12
12 - - - - - - - - - 12 14 - - - 2,7, 11
Forward 3lg 2 -] - - 1-3.60| - [-3.60)mAdc| - - - -5 2 3,4,11, 12 - 14 B - 7,10
Current 3l 2 - - - |-3.60| - [-3.60 - - - 10 2 3,4, 11,12 - 14 - - 5,7
Ig 3 - - - |-1.20) - |-1.20 - - - - 3 2,4 - 14 - - 7
4 SR T - - - - - 4 2,3 S U R R 7
5 - - - - - - - 5 - S| - - 2% 00,1012
10 - - - - - - - - 10 - - 14 - - 2,3,4,5.7
11 - - - - - - - Ca 11 2,12 N TR - 7
12 - - - . - - - - - 12 -2, 11 - 14 - - 7
Power Drain IccL 14 - - - | 14.5 - - |mAdc| - - - - - - - 14 - - 2,3,4,5,7,10,.11, 12
Current ICCH 14 - - - | 14.5 - - |mAdc| - - - - - - - 14 - - 7
Pins not listed are left open. ’ - .
*Apply momentary ground to pins 9 and 10 prior to clock pulse CPa CPb
$Apply momentary ground to pins 5 and 6 prior to clock pulse - T y
§Apply momentary ground to pin 9 _ . 200 ns e "I 200 ns
tApply momentary ground to pin 6 — 125V : 125V
. . 1.5V ’ 1.5V
t,<1.0 us (10% to 90%) t,<1.0 us (10% to 90%)

t¢<1.0 us (90% to 10%) t$<1.0 us {90% to 10%)

. TOGGLE MODE TEST CIRCUIT
’ . . - o L

o, g e g L

8sv

0 Vemmead

% %2003 (10% to 90%)
t¢ €20 fis (90% to 10%)
DUTI¥ CYCLE = 50%.

#Vea and griufd connections to the devices are ot thowm.

e B T et e

- Y - . B e

MOTOROLA Semiconductor Products Inc.

BOX 20912 o PHOENIX. ARIZONA dS5036 © A SUBSIDIARY OF MOTOROLA INC.

JO71-44 PRINLTED 1R, %A 5207 TWPERIAL LITHO 337146 om o N .o



MHTL MC660 series MOTOROLA @ ‘ ]

MC665 JANUARY a7

TRIPLE LEVEL TRANSLATOR .

This device 's a triple unit capable of transiating MHTL logic levels to MRTL,
MOTL, or MTTL logic leveis. This device is useful when using MHTL devices as
veripheral circuitry for a high-speed, low-level logic system. Translation to MDTL
and MTTL levels is obtained by applying 5.0 voits to terminai 13 and leaving pins
4. 9. and 12 apen, while transiation to MRTL is achieved by applying 3.6 voits to 'ﬁ 3
oins 4, 9. and 12, Pin 13 may be ieft open for use with MRTL. E xpander nodes 2
are availabie on two of the units. Utilizing the expander node, the MC665 may be 2
used as @ NAND gate with MHTL input levels and MRTL, MIDTL. or MTTL out- :
put levels. The MC669 dual 4-input expander used with the expander node allows 5-1
the translator-to function as a multiple input NAND gate.

v
cc Positive Logic: 3 =14 (2!

3k 1360 Negative Logic: 3 =1 + (2]
Input Loading Factor = 1

|

a4’ Qutput Loading Factor:
12 x 640 MODTL MC830 series = 8
: . MTTL MC3000 series = 5.5
3 1/3 OF CIRCUIT SHOWN MRTL MCB8O0OP series = §
Power Dissipation = 83 mw typ/okg (OTL)
, 104 mW typ/pkg (RTL)

S k Propagation Delay Time:
t+- = 30 ns typ

7
t-+ = 40 ns typ

GND

“Use pin 9 for second transiator and pin 12 for third transiator.

‘ SWITCHING TIME TEST CIRCUIT AND WAVEFORMS -~
FIGURE 1
TPin TPout
A MC660
f “4 MC3000
T1Total capacitance, including jig, probe, o——1
and stray capacitance.
tt '
Vee = 15 Vde on pin 14 -25 pF ICT
VeT = 5 Vde on pin 13 3
GND = 7
FIGURE 2 :

TPin TPout

90% £ | ! % MC880 % MC825P ( 7 GND
50% 8sv
10% | - ] . t1-3+ f1+3-
L GND . 0.5V
.l —t, $20n8  —{ j—t; <20 ns TPout
Vee = 18 Vdc on pin 14
f = 500 kHz . VCR = 3.8 Vde on pin 4

‘ DUTY CYLE = 80% . GND = 7

MHTL, MRTL, MDTL, and MTTL are trademarks of Motorola Inc.
See General information section for packaging.
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ELECTRICAL CHARACTERISTICS 1 2» -3 TEST CURRENT / VOLTAGE VALUES
Test procedures are shown for onl 2 - . T T
p e only one o @ Test _ Volts ,
transiator. O l ).. -8 o U i T ” T ° N
I ¢ Temperature o , Y‘ D“ Ve [ Vil Ve [Var | Vew | Vee Vear ! Veen
11 (-} -10 -30"C 7.0]16.0 KN RN B 30 [T N E T BT
. +925°C 7.0 16,0 ‘ ‘ Lol o1eo
+75¢] 12 7.0]16.0 T BETINY
. ) . .' N
Pin _ MC665 Test Limits - | TEST CURRENT / VOLT _
" | Under | —30°C +25°C +75°C - - — SR
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lor | low | Vi |Von | Vi | Ve | Vu [Viu| Ve |Var | Ver | Vee | Vea | Veen Gnd
Output Voltage VoL o3 - 0.4 - 0.4 0.5 | Vie K] - - - - - 1 - 13 14 7
3 029 - |[o.26 0.34 | vae . - . S ] . - 1 I 1
Von 3 |30 - 31 - Jaas | - A 3 1 - : : R 14 1
3 {30 - 3 s |- vde o3 - . - 2 | - : 13 1 1
Verx 3 6.7 6.75 | - 6.5 Vde 13 1 1
Short-Circuit Iy, 8 0753 25f -1.75) 23.25(-1 75[-3.25 | maac - B : 1 166,710
Current 3 3.91-1.3 -39 -7.3]-3.9]-1.3 wAde - - - 2 - 4. 1,3.6.7.11
Reverse Cugrcul I“ 1] z‘. 1] 2.0 - 2.0 i Ade 1 13 14 ) vl
Output Current Las 3 [-300 - [-s00| - |2 mAde i 1 1 1
Forward Current e 1 NN N N 12 | wade |- : -] 1o I 1
Power Drain ICCL 14 - - - 3.9 - - mAde - - - 13 11 1.6.7,11
Current
al Dovie B - X - B - 13 1
(Total Device) ICCM 14 9.5
- - - 13
o 1B 9.4
N . 0 B B ) . . I N - b auae
ICHH 4a9+|2 20.7 o B o o ) i
Pulse | Pulse
~In Out
Switching Times ‘103-‘ 3 - - . 100 - ns 1 3 - 14 14 7
: ] . . !
Gost - - - 150 ' 13 |
N ) ; - B 4
gt 125 ! l
(| - - 175 - v * - 4 B

Q
v

*To perform the test, see figure 1.

L periorm the test, sce ngure 2.
Pins not listed are left vpen.

BEST copy
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ELECTRICAL CHARACTERISTICS -

Test procedures are shown for only one

translator.
MDTL‘ 2
MTT"( 1 12 MHTL
MRTL 13
5
6 3
4 @ TEST CURRENT/VOLTAGE VALUES
Test mA Volts
8 Temperature lOL lon | Vu | Von Vore [V | Vin | Ve | Ve [Vee | Vea Veen
9 1" —30°C|12.0 ] -0.03 | 1.1 1.20]0.570] - | 2.1} 0 | 4.0 - [14.0]16.0
10 +25°C| 12.0 | -0.03 | 1.1] 0.880}0.500[1.8] 1.9| o | 4.0[15.0| 14.0 [ 16.0
+75°C} 12.0 | -0.03 | 0.9 0.855{ 0.450 - | 1.8 o | 4.0] - [14a.0]16.0
Pin MC66 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | —30°C +25°C | +75°C :
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max| Unit | Yor | Ton | Vic | Von | Vorr [ Vx | Vim | Ve | Vo | Vee | Veer | Veen Gnd
Output Voltage VoL 12 - Ls |- |1s]| - 1.5 | vde 12 |- - 2 | - 13 - - - - - 14 - 7
12 - - - (s - - 12 - - - - 1 - - - - - 7,13
Vou || 12 (125 - hies] - fizs| o - l - 12 - - 13 | - 2 | - - - - 7
12 12.5] - lizs] - Jiz.s] - - 12. 2 13 - - - - - - - 7
Short-Circuit B 12 |-6.5[-15.0}-6.5]-15.0] -6.5 | -15. 0] mAdc - - - - - - 2 | - - - - 14 7,12,13
Current \
Reverse Current IR 2 - 50 - 5.0 - 10.0 | uAde - - - - - - - - 2 - 14 - 7,13
Output Leakage - Ieex 12 - 100 | - 100 | - 100 | pAde - - - - - - 2 | - - - - 12,14 7,13
Current
Forward Current lF 2 - -L5 - -1.4| - -1.33] mAdce - - - - - - - 2 - - - 14 7,13
Input Current L 13 - 150 | - |150 | - 150 | pAde.] - - - 13 - - - - 2 - - 14 7
Power Drain TecL 14 - - - 2.4 - - |made | - | - - - - - - - - - - 14 2,4,5,7,8,10,13
Current
{Total Device) ICCH 14 - - - 8.0 - - mAdc - - - 14,10,13] - - - - - - - 14 7
Pulse | Pulse
In Qut
itehi i R - - - - s - - 13 - - - - 14 | - - 7
Switching Times (2+l2+ 2,12 200 ns 2 C12 .
- - - - - ’ - - 13 - - - - - -
ty 1o | 212 100 . 2
Ugerz, | 1213 - - - 200 - - 13 2 - - - - - - - -
tyg.qp.| 1213 - - - w0 - - 13 2 - - - - - - - -

Pins not listed are left open.

%‘
&
o




TRIPLE LEVEL TRANSLATOR =~ = .. - MHTL MC660'series MOTORO

MC666

This device is a triple unit that translates MRTL, MDTL, and MTTL
logic signals to MHTL logic levels. Each unit is divided into two sections,
one capable of handling MRTL signals and the other operating from MDTL

. - . MOoT
and MTTL signals. The second section aiso has an expander node avail- M?{
able which, in addition to the normal expander function, allows the usage 1 12 MHTL
of high voltage diodes to translate from high voltage circuits. The input MATL 13

associated with the unused section snould be grounded for proper opera-
tion of the active section.

1/3 OF CIRCUIT SHOWN

\ ¢ * —O Ve
é‘lSk %ISK %15!( 1.5k
< < <

MHTL

Positive Logic: 12=2e(1]+13

|: 12
Negative Logic: 12=(2+{1])e13

» 2 \ ' E " Input Loading Factor:

MDTL O—j— . - o
MDTL MC830 series = 1.0
MTTL MC3000 series = 0.8

Expander O——I

S5k 1.5k MATL MCBOOP series = 1.0
! Output Loading Factor = 10
’ . Total Power Dissipation = 105 mW typ/pkg
l 7 L 13 Propagation Delay Time:

. Gnd MRTL . t++ =75ng typ
: t--= 35 ns typ

" SWITCHING TIME TEST.CIRCUIT AND WAVEFORMS

4.0 V.
TPin '

= MOTL 500 ns K 1.5v

TPin S00 ns

f = 500 kHz

MHTL, MTTL, MRTL, and MDTL are trademarks of Motorola Inc.
See General Information section for packaging. '
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DUAL MONOSTABLE
MULTIVIBRATOR

MC667

12
1—Tss 13—TSS
04

Input Loading Factor = 1
OQutput Loading Factor = 10
Total Power Dissipation = 240 mW typ

An internal timing resistor is provided at pin 4(10).

An external timing resistor may be connected between Vece
and pin 3(11) instead of using pin 4(10).

A timing capacitor is connected between pins 3(11) and 5(9).
(See circuit schematic.)

MHTL MC660 wrim

NOVEMBER 1970

The MC667 is a dual monostable multi-
vibrator whose output pulse width is inde-
pendent of input pulse width. The device is
triggered on the rising edge of a pulse to the
toggle input, and the output pulse width is
determined by the R-C timing network. Cir-
cuit operation is described on Page 7 of
Application Note 467.

Each multivibrator in the package has both
true logic ‘1" and complement logic 0"
outputs available. A positive-going pulse is
available at the logic 1" output, and the
inverted pulse is available at the Ioéic 0"
output. Qutputs utilize active pullup circuits
to miniinize output impedance.

Cext

R

{-—————ié——~e~w_o— Vce
| R

i . I
=y

ext N

17T
4s ?4 o 43
1.5k 15 ké 6.0k§ 600 20k 3.0k§ 6.0 k 15 kg 1.5k
0" 6 —i¢ { —o02 1"
10k
5.0 k 5.0 k
7 14
—0 —0
* GND Vee
5.0k 5.0 k
10k
/1 12k
<
“0" 8 —id¢ ) 4 o012 1"
S 9
1.5k 15k% 6.0 k 600 20 k 3.0k§ 6.0 k 15k§ 1.5k
<')9 10 (o] ?11
13T
| L 22
) Rint < éTRext
Lo - f - - ST Ve
cext

See General Information section for packaging.



ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
monostable multivibrator. Theother mono-
stable multivibrator is tested in the same

manner,
-~
1p—2 1 12
1 TSS lS-———-—‘TSS
of 6 0 8 TEST CURRENT / VOLTAGE VALUES (All Temperatures)
mA Volts
lov | lou ko 1 Ve | Vin | Ve | Vo | Vex| Vee [Vear| Veen
12,0[-0.03 0.2 |6.50| 8.50| 1.5 |16.0] -13 | 15.0( 14.0] 16.0
Pin MC667 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | —30°C +25°C +75°C .
Characteristic  |Symbol| Test | Min | Max| Min [ Max | Min [ Max | Unit | Tou | low in | Y] Vim | Ve | Vo | Vax| Vec [Veer| Veen|  Gnd
Output Voltage Vou | 2 - s | - T 1.5 | vde | 2 - 3 - - -] - - - 4] - 7
5t | - |2.8 ] - 2.8 - 2.8 - - 3 - 1 - - - - - 1
5% - 2| - 2.1 - 2.1 - - - - - - - - - - 1,3,7
6 - s | - 1.5 - 1.5 - - 1 - - - - - - 3,7
Vou 2 12.5( - 12.5 - 12.5 - - 2 - - - - - - - - 1,3,7
5+ |12.8] - |12.8]| - 12.8 | - - - - - - - - - - 7
6 12.5| - 12.5 - 12.5 - - 6 3 - - - - - - - 1,7
Short-Circuit ISC 2 -6.5 | -15 [ -6.5 -15 -6.5 -15 | mAdc - - - - - - - - - - 14 2,3,7
Current 4 -0.64]-1.07[-0.64| -1.07] -0.64 | -1.07 ' - - - - - - - - - - 4,7
5 | -19 | -40 | -19 | -40 | -19 -40 - - - - - - - - - - 1,5,7
6 |-6.5[-15]-6.5[ -15|-6.5] -15 - - 3 - - - - - - - 6,1
Reverse Current ‘IRI 1 - 2.0 - 2.0 - 2.0 | pAde - - - - - - 1 - - - 14 1
Tns 3 - |-20f - |20 - | -2.0|pAde| - - - - - - -1 3] - | 14 7
Output’ Leakage Icex 2 - 100 - 100 - 100 | pAdg - - - - - - - - - - | 2,14 3,7
Current 6+ - j1o0o | - 100 - 100 | pAde| - - - - - - - - - - ] 614 1
Forward Current I 1 - 1.2 - 1.2 - 1.2 {mAdc - - - - - 1 - - - - 14 7
Power Drain I 14 - - - 17.5 - - | mAdc - - - - - - - - - - 14 "|1,3,7,11,13
Current CCL
(Both Units) ICCH 14* 1 - - - 23 - - mAdc - - - - - - - - - - 1,13,14 1
Pulse | Pulse
. in_| OQut
Switching Times ll+20 2 - - - 275 - - ns 1 2 - - - - - - 14 - - i
th_ 6 - - - 75 - - ns 1 6 - - - - - - 14 - - 7

Pins not listed are left open.
*Pin 4 connected to pin 3
tPin 4 connected to pin 5
1Pin 11 comected to pin 10

L990W



SWITCHING TIME TEST CIRCUIT, WAVEFORMS AND DEFINITIONS

_ TP, 50%
90% | " ./ -
85V
101] | SL P ene
GND (1+6_- w Q==
t,SZOnscj - - L—t1§20ns -
) TPout 50%
t =500 kHz "o
MC660 o o
DUTY CYCLE = 50% : GND
V

‘I’Pout g

’\_50%

GND

Puise Width: PW:q220.7 Ry CT-125x 109 { Ry in ohms
PW:g220.7 Ry CT +125x 10°9 { Cr in farads .

Cr1 and Ry are timing resistor and capacitor.

Recovery Time: tg = 3 C1 x 103 tR in seconds
Ct in farads

PW x (100) Rt x (100)

Duty Cycle: DC= ~
vy PW + tR Rr +45

Ry in ohms

External Timing Resistor: 5.0 k2 SRgyy S56 k2

APPLICATION INFORMATION

Circuit Operation 3. Input puise width may be as narrow as 100 ns.

1. Any value of external capacitor (Cext) may be used “
for the timing circuit. If an external resistor is used

(20k&2 internal is provided), 5.0k 2 < Ryt < 56 k2. . 75V |
2. The generated pulse width (PW) is calculated as foi- ~— 100 ns —--;
lows:

PW:r1 ~ 0.7 RT CT-125x 1079 { R in ohms

-9 .
0.7 RT CT+125x10 Cr in farads 4. Sufficient recovery time must be allowed between

input and output pulses. Recovery time is that per-
iod of time which the -multivibrator requirés for the
capacitor to reach its quiescent state after triggering.
Recovery time begins after the end of the output




TYPICAL APPLICATIONS (continued)

puise or the return of the input to the zero state,
depending upon which occurs later.

tr=3CTtx 103 tR in seconds

Ct in farads
. / \ TPOu!

—_— R ——

5. Although the toggle input displays the 5.0 volt noise
margins of MHTL, the MC667 is susceptible to neg-
ative-going noise on the R-C timing network. False
triggering may be caused by a negative-going spike
of 1.5 volts or greater. V¢ should be bypassed at
the package by a capacitor if false triggering occurs.
Also, a capacitor equal to CT connected from pin 3
{pin 11 for second multivibrator) to ground will im-
prove noise immunity. The output pulse width will
not be significantly affected.

Ic-cr

6. If the ouiput puise width is approximately 0.25 ms
or greater, the logic 1" output fall time will be
greater than 1.0 us. |f the logic 1" output is used
to clock a flip-flop, this long fall time may cause
improper toggling due to noise or oscillation on the
clock line. Several solutions to this problem are
shown.

A. Use of the logic "‘0" output inverted. Rise and
fall times of the logic "‘0’' output are typically
less than 0.5 us.

1 p—0
o—iTgg 1/6 MC680

o‘—Do—- To Clock

8. Let the output of the MC667 drive 1/2 MC675
pulse stretcher. The pulse stretcher extends the
puise width beyond the oscillation and gives a
sharp fall time to the pulse. A typical value of
Ceaxt (for the pulse stretcher) is 50 pF.

TPn Cext
:

3 TPout
o—
MCE878

-

o0—1Tss

1/2 MC687

Tpm-/—.m:—

textended > O3CiHATION —jfo———am

C. Let the output of the MC667 drive two active
pullup inverters (MC680) or gates connected as
a Schmitt Trigger. The trigger goes from the high
to the low state at a threshold of approximately
6.5 voits. The oscillation then appears at a voit-
age level above the threshold of the Schmitt
Trigger. Also, the hysteresis action of the net-
work helps prevent oscillation from retriggering
the Schmitt Trigger and gives sharp rise and fall
time at TPgyt.

TPin 18k
1k
1 —— Do—-Do—L-o TPout
O—1Tss © mCeso
° —]




TYPICAL APPLICATIONS (continued)

Application ldeas

The configuration shown in Figure 1 is a gated astable
multivibrator. Pulse widths may be varied by changing

time constants "t1" and "'t

"

FIGURE 1 — GATED ASTABLE MULTIVIBRATOR

ENABLE

_TA1
1

Tss

T
0_"_ SS

e

I
L

L1 L

J | L

FIGURE 3 - OUTPUT PULSE WIDTH

—l |

I ENABLE

Al

A2

TYPICAL CHARACTER ISTICS

PW, OUTPUT PULSE WIDTH (ms)

versus CAPACITANCE
100 =—=—r—rrr—y =
F—Vece=15V - i
— — 550 T R =50kQ ;
— Ta=25"C ! T 7 pES
10 RN 10 20 k) %
i : 4
i ; A
1.0 :
= > s 5kQ§
™ ] Z A e
- - A S
N ]l 1 4 Lo I!; i
Il Zz IR
0.1 T 1 { T [IRERS!
1 I[ + I’I . :
: o - —
£ —— -
0.01 ¥ i i T T
0.0001 0.001 0.01 0.1

C, CAPACITANCE (uF)

A sequential pulse train may be generated as shown in

Figure 2. The timing diagram shows an approximate delay
of 250 ns between pulses. Any pulse width in the train
must be of sufficient length to allow proper recovery time

of the multivibrator following that pulse.

FIGURE 2 — GENERATION OF A SEQUENTIAL PULSE TRAIN

“1”" OUTPUT FALL TIME (us)

t, LOGIC

Tss

A1l _]A2
1

r=-1Tss

INPUT

. A1l

- 250 ns

——]

A2

FIGURE 4 — LOGIC “1” OQUTPUT FALL TIME
versus OUTPUT PULSE WIDTH

1000 R
T jnse -I"”r
s, — -
i I P AN Fl
1 H - H H je]
100 RIS od 1| N -t
;i |
10 SN
] t imaas
; i T —
H 1 i I8 1
1.0 i ] 1 Py
. = —————r
T T :
i . y 4 ; ;
! S AL T
H ] i 1 I
0.1 : = e ,
0.01 0.1 1.0 10 100

PW, OUTPUT PULSE WIDTH (ms)



MCe667

TYPICAL CHARACTERISTICS (continued)

tg, RECOVERY TIME (pus)

UT PULSE

NORMALIZE

FIGURE 5 -~ RECOVERY TIME
versus CAPACITANCE

‘%@Efﬁ 3‘%@
= Ta=25°C = —— =
— Vec=15v L0 N ]
100; RT=ZOKQ$_:$ - i 1
= ? T T : HoA~ +
R RN I
T 1 T 1 Ty 1 o L
10 i 1 ji i 1 2! ! P
: e :
| ! . ! ]
T T A PR T +
1.0 ——= L L RS il
- I"? T T >
1 NS T
T T
: | IR H
0.1 I i RN 1
0.00001 0.0001 0.001 0.01 0.1
C, CAPACITANCE (uF)
FIGURE 7 — NORMALIZED OUTPUT PULSE
versus SUPPLY VOLTAGE
1.1 l
R
T=25°
1.05——RT = 20kQ2
CT = 0.001 uF
1.0
//
0.95 :
0.90
1 12 13 14 15 16 17

Vce, SUPPLY VOLTAGE (VOLTS)

FIGURE 6 — NORMALIZED RECOVERY TIME

versus TEMPERATURE
w 1.2 j
2 i
: Vee =15V :
oo 11— RT=20kQ2 . ]
w |
Ct =560 pF | i
> T |
o " :
0 v .
w / | .
e 1.0 Ve : 1
fa) / ! :
w i .
N //
I oop—T 1
2
@ i
) i
z 08 ; :
-30 -20 -10 0 10 20 30 40 50 60 70 80
Ta, AMBIENT TEMPERATURE (°C)
I3
* FIGURE 8 — NORMALIZED OUTPUT PULSE
’ versus TEMPERATURE
" -1.10 [ )
a - L
2 | vee=15Vv Lo
= 1.05/— RT=20kQ —
2 Cr =560 pF i Z :
= i .
3 T
g 1.0 — —
ﬁ //-/
R e 1
s 0.95 i :
T ; ;
] |
F4 i :
0.90 i !

-30 -20 -10 0O 10 20 30 40 50 60 70 80

Ta. AMBIENT TEMPERATURE (°c)

MOTOROLA Semiconductor Products Inc.
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QUAD 2-INPUT “NAND" GATE MHTL MC660 series MOTOROLA ° AA
{Passive Pullup) : R

MC668 - | VARCH 13

This device consists of four 2-input NAND gates with
passive output pullup.

VWi y
15 k I12k

12 1T —

2—

Be
; =D
Be
B

9 ——

10 ——of

12 —
13 —

Positive Logic: 3 =1 « 2

Input Loading Factor = 1
Output Loading Factor = 10
Propagation Delay Time = 125 ns typ
Typical Total Power Dissipation
Inputs High = 176 mW typ/pkg
Input Low 52 mW typ/pkg

OPY

ELECTRICAL CHARACTERISTICS " TEST CURRENT VOLTAGE VALUES Al Temperatures:
Test procedures are shown for only one mA Volts
gate. The other gates are ‘tested in the lov =~ low Vi Vi Ve Voo Veex Vee Vea Veew
same manner.
1200 =003 5% 5030 1.3 te 1A 13
T . - -
| Pin MC68 Test Limits TEST CURRENT VOLTAGE APPLIED TO PINS LISTED BELOW-
! Under —30°C +25°C +75°C ;
i - . -
Characteristic  Symbol Test Min Max Min  Max Min Max Unit | loo - Ton . Vie Vie - Ve o Voo Ve Ve Vea Veew Snd
R R 3 i3 - L3 - Ly vae |3 . - [
[ 3 12,5 3 ! :
¢ 3 125 ' 5 2 o
St [N 3 i { ER) -3 mAae
SO
2o e Cur 0 : 2 - 1) LAde : B
o : 29 10 Awe 2
o : 170 . 0 Ase | - - - - - - P
e ! - - P I R 120 maac | - . - . ! B oI T
P N - - St S1.20 macc 2 1 e
; nCt 14 - - - s - - mAde
lapg 047 - 7T - 20 . - sAde | - - LT T
Sann g Do » . . PU'SQ Pulse -
! , In Out
I, 3 - - . 230 - - as 1 3 - . - - - 14 . . -
O S L e i A .
Pins no ' pen

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TPin TPout

Vee ) e
TP \ 50%

MC660 1.5 k

GND

-~ =—1t,<20ns — = t;<20ns

100 oF
f=500kHz

DUTY CYCLE = 50%

1)
|
!
[®)
Z
o]

See General Information section for packaging.




MC668

MOTOROLA Semiconductor Products Inc,.,

BOX 2C312 o PHOENIX. AHI’ONA 35036 ¢ A SUBSIDIARY OF MOTOROLA INC

- e

NS4 a7 WAL T 81Ty im



QUAD 2-INPUT "NAND’ GATE
(Passive Pullup)

MC668

11—

2—|

9]
10—
12 —
13 —

De
-
De
BDe

Positive Loglc: 3=1 « 2

Input Loading Factor = 1

Qutput Loading Factor = 10

Propagation Delay Time = 126 ns typ

Typical Total Power Dissipation
inputs High = 176 mW typ/pkg

ISSUE A

This device consists of four 2-input NAND gates with
passive output pullup.

Input Low = 52 mW typ/pkg §
TEST CURRENT/VOLTAGE VALUES (All Temperatures)
mA Volts )
IOI. 'ON vll v!N vF VI 4VCEX VCC vCCl VCCH |
12.0 1-0.03 16.50 | 8.50 | 1.5 | 16.0 | 16.0 | 15.0 | 14.0 | 16.0
Pin MC668 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —30°C +25°C +75°C
Characteristic | Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lo. | low | Yo | Viu | Ve | Vi Veex | Vee | Ve | Veen Gnd
Output Voltage | Vg, 3 - lus |- 1.5 - 1.5 | vdc | 3 - - 1.2 - - - uo- 7
v 3 - - f2s 12.5 | - ! - 3 1 - - - - 2 4
OH | g4 -0 - jazs] - s |- " - 3 2 : . - 1 oo '
Short-Circuit I 3 - - 1 -0.6f -1.5 | -0.6 | -1.5 { mAdc| - - - - - - - o1 1.3.7
Current i
Reverse Current | [ 1 - - - 2.0 - 2.0 | pAde| - - - 1 - [RTE 2.7
2 - - - 2.0 - 2.0 1 Ade - - - - - 2 - - l 14 [
Output Leakage ICEX 3 - - - 100 - 100 | iAdc - - - - - 3.14 - , - L7
Current | ,
Forward Current( I, 1 - - - -2 - -1.20] mAde | - - - - 1 2 - - T i
2 - - - | -r20| - | -1.20| mAde] - - - - 2 1 - - Rt <
Power Drain 1 |- | - - 6.0 | - - | made - - - - - - TRV TN
Current cer Lo_eaw2.1
(Total Device) ICCH 14 - - - 20 1o - mAdc - - - - - - - - B T : N
Switching Times Pulse | Pulse |
In Out f |
4 34 3 - - - 250 - - ns 1 3 - - - - - 14 | ] 7
‘1t3- 3 - - - 100 - - ns 1 3 - - - - = 14 ; | 7
Pins not listed are left open.
90%
50% 88V . 50%
10% | GND
4L -
t,<20ns — |~ y<20ns
. o 50%
=500 kM2 - .
GND

DUTY CYCLE = 50%

g4 AT BT e

" See General Information section for packaging.
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DUAL 4-INPUT EXPANDER

MC669 : ISSUE ¢

This device consists of two independent high voitage diode net-
works with characteristics matched to the input of the gate and
buffer elements in the MHTL logic family. Its use increases the
fan-in capability of other MHTL devices to a maximum of 20

Positive Logic: 4=2e 3¢5 6

203__‘1_‘ F—Tm while having negligible effect on their performance.
30—-_{"——0 0—'”—_{012
L L . \
40— 011 3—1_. \
. e =4
- [ > )
6—J
50— 4 ! 10 o % ;
10—____] N1y
— — 12—

Input Loading Factor = 1

See General Information section for packaging.

ELECTRIICAL CHARACTERISTICS TEST CURR.ENT/ VOLTAGE VALUES
Test prdcedures are shown for' only one (A” TeAmperafures)’
f::gizrh;nhnee:ther expander is tested in mA ‘ VOI?S
. 1.2 16.0 }
Pin MC669 Test Limits TEST CURRENT / VOLTAGE APPLIED ;
Under _300(: +25°C ’ +75°c TO PlNS USTED BE[OW
Characteristic |Symbol| Test | Min|Max|Min|Max |Min| Max | Unit le Ve ~ Gnd
Forward VF 4 - 1.1} - L0} - 0.9 | vdce 4 - 2.7
Voltage ' - ' - - l l . 3.7
: - - - - 3.7
) - ‘ - ' N ] - 6.7
Reverse IR 2 - 2.0 - 2.0 - 2.0 |uAdc - 2 3.5.6.7
Current 3 - ‘ - - i - 3 2.5.6.7
5 - _ - - 3 2.3.6.7
6 - - | - - 6 2.3.5.7|.
21q 4 - - |- 4.0 - - 1 - ¥ -

Pins not listed are left open
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MHTL MC660 series MOTOROLA

MARCH 1968

TRIPLE 3-INPUT “NAND" GATE
(Passive Pullup)
This device consists of three 3-input NAND gates with passive
b output pullup.
12k 15 k
3 —06
4 —— 6
5 k
5 5t
e 9—
12k 15 k% 10 Do—s
R 8 1) S
L e S
10 Qe —_—
. ! BEST COPY = o
) 13 ——d 1
1 ' -
3k Positive Logic: 6 =3 ¢4 ¢ 5§
12k 15k o012 Input Loading Factor = 1
3 Output Loading Factor = 10
2 5 k Propagation Delay Time = 125 ns typ
13 Typical Total Power Dissipation
J) Inputs High = 132 mwW typ/pkg
14 o7 Input Low = 39 mW typ/pkg

ELECTRICAL CHARACTERISTICS

TEST CURRENTVOLTAGE VALUES (All Temperatures) "
Test procedures are shown for only one mA ) Volts
gate. The other gates are tested in the T
same manner. fou | low | Vi | Viu | Ve | Vg Veex | Vee | Vear | Veen
12.0{ -0.0316.50 | 8.50 | 1.5 [16.0! 15.0 | 15.0! 14.0 1 15.0 ,
o T o
| Pin | MC670 Test Limits TEST CURRENT- VOLTAGE APPLIED TO PINS LISTED BELOW:
‘Under| —30°C | +25°C +75°C_ | | — ,
Characteristic | Symbol | Test | Min {Max | Min | Max | Min | Max | Unit | lou | low | Vu Vi Ve | Vo | Vegr | Ve | Veer * Veen Gnd
Output Voltuge Vo 8 ’ - ' Lsio- L5 - L5 | vde | 6 - - s - - -4 - l 14 - T
v 5 - - 12.5 - 12,5 - - 6 3 - - - - b s -
OH S . . . 3 - - 35 1 .
v - - ' N - v - v 5 R 34y . v
Short-Circuit I.,. Y S - -0.6 ] -1.3 -0.6 ‘ -1.3  mAdce - - L -1 - - - - - 1+ ST
Current sC | ; ! i i
Reverse Current R+ 3 0 - - - 2.0 - 2.0 ! sAdc - - - - - 3 - b - T
[ . -0 - : -y ) . . e K . - .57
Y - - - Y - ] - - - - - 5 - -y - 30407
Output Leakuge ICEx 5 - - - 100 | - | 100 | sAde| - - - - - - ST 3.7
Current - i i . i :
Furwurd Caerrent L 3 - - - 1200 - § -1.201 mAdc - - - - 3 43 - b - 14 v
4 - - - N ) - - - - 4 35 B
: | e i
5 - N - YL -y v - - - - 5 13,4 - - - v v
Puwer Drain L 14 - - - 5 0 - | - Tmade| - - - [ N 4 1.2.3.4.5.:
Current ccL ! i } : ! . 10, 11,13
(Total Device) ICCH 14 - - - 15 -y - maAdc - - - - -] - R i4 T
sSwitching Times i Pulse Pulse ; |
i . in_| Out P | '
ta‘ 6 6 - - - 250 - | - ns 3 6 - - - - - [ 14 ; - . T
3.6- 6 - - - 100 - t - ns 3 6 - - - - - 14 P ; T
Pins not listed are left upen.
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
TPin TPout
: Vee
90% TPin 50%
%
50 8.5V _MC660 1.5k
10% l GND
-.J L '-_ GND Ol t3—6+ ‘3+6—
ty =20 ns — t¢ =20 ns
TPout 50% P
fe= 500 kHz
DUTY CYCLE = 50% GND,

See General Information section tor packaging." B
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TRIPLE 3-INPUT "NAND" GATE
(Active Pullup)

MCé671

output pullup.

MHTL MC660 series moToroLa AA

This device consists of three 3-input NAND gates with scive

Positive Logic: 6 - 3 ¢ d ¢ 3

fnput toading Factor = 1

Qutput Loading Factor = 10

Propagation Delay Time = 110 ns ;0
Typical Total Power Dissinaticn

Inputs High = 132 mW typ.pxg
Input Low = 39 mW tvo. oKg

———— A —
R 3< 2 ik
P2 aq 13k ¢ P
S - i ._—-’_—\
2 i———— e
‘ Gt 3_;*\ . —4—5
= 3k
54— (——0——-—113<
i - . ——rn
i 3k ¢ | 3y
! 1263 5% S 4 >°_6
| [
’ do—t—— o |~\ 5—
; 10o—4— TOo N el 9
‘ 11 o—elp— Sk E*‘_OB 10 ‘ Jo—a
—ee )
, . 2.5K 11t
. 3k 3 | 1—
1249 . 15*<3 ; :j 2 ‘
fs [ — 12
1 o—lp—— . A ' ’7 13—
20— T
‘A : 5.(5 P | 2
s _
o BEST COPY
/

ELECTRICAL CHARACTERISTICS TEST CURRENT VOLTAGE VALUES ‘All Temperatures:
Test procedures are shown for only one mA | ___Valts ;
. . P e e e
gate. The other gates are tested in the loe | tow | Vi | Vi l v, i Vo { Veex  Vee  Veew PYern
same manner. - . - —
O Ak N N U I T
’ Pin | MC67] Test Limits TEST CURRENT VOLTAGE APPLIED TO PINS LISTED BELOW.
Under; —300C . +25°C | +75C | o —— - 1
Characteristic | Symbol  Test ~Min! Max i Min i Max ' Min | Max | Unit | lou | low | Ve | Vi | Vs s Ve i Veex - Voo Ve Vi Sro
R A L T T S A B PP Ve 5 3 i :
E : : : i : ! : ! :
o : : IREAR PV A 3 : H : R
i P : z | 4 i :
LA : v’ N A Py [ i i [ '
3 LRARL AR S E A : | -
: f i : 5
I : P2 { 20y aae : i : HE .
[ i ! ! i : Coa
s : Loy [ A | ! by ; ]
5 B 10 190 e i ; ; I oo
) 120 Co20 ] man - } .
3 : | 4 !
3 ] [ v 3 : v [
) 4.3 ~mAdace i
o ) mAdc i : :
DS Tieees : r ‘ ! Pulse | Pulse o | i )
i i ! in_| Out i : i |
FTC T LN R : 00 4 - ns 3 5 R i P
v L5 Lo oo | . as | Lo | - | |
Dins oo - - *open.
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
., TPin TPout
Vee - e
TPin 507
MC660 1.5k [

GND

o

See General Information section for packaging.

--5;—-(,:20ns — =—t =20 ns

f=500kHz
DUTY CYCLE = 50%

136+ f—
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TRIPLE 3-INPUT “NAND” GATE
(Active Pullup)

eV

MC671 T _ - ot

This device consists of three 3-input NAND gates with active
output pullup.

ELECTRICAL CHARACTERISTICS TEST CURRENT/VOLTAGE VALUES (All Temperatures)
Test procedures are shown for only one . mA Volts
gate. The other gates are tested in the Jou | ow | Vi Ve | Ve | Vo | Veex Vee | Vear | Veen
same manner.
. 12.0 | -0.03|6.350 | 8.50 | 1.5]{16.0] 16.0 | 15.0] 14.0 | 15 =
Pin MC671° Test Limits _ TEST CURRENTVOLTAGE APPLIED TO PINS LISTED BELOW:
Under| —30°C +25°C +75°C
Characteristic | Symbol | Test | Min| Max | Min [ Max | Min [ Max | Unit | lou | low | Vie | Vim | Ve | V4 Veex | Vee | Vear | Veen Gnd
Outout Viltage VoL 5 Soles ] 15 - Tes | vde 5 . - ]34 - - - - 14 - :
v 6 - - |2 - 12.5 - Vde - 6 3 - - - . 4.5 14
OH ; . . [ : i . ; - | " - - - - 3.5
' - - \J - v - A - \ 3 - - - - 3.4 v ]
Short-Circuit I 3 - - -6.5 [-15.0] -6.5 | -15.0] made| - - - - - - . - . 14 357
sC .
Current
Reverse Current IR 3 - - - 2.0 - 2.0 .t Adce - - - - - 3 - - 14 - $.5.7
4 . . . 1 . L ! - - - - - 4 - . . - 3.5.7
5 - - - ! - v - - - - - 5 - - v 3407
Quinat Leakayge T. 6 - - - 100 - 100 1 Ade - - - - - - 6.14 - - - 3.7
CEX
Current
Forward Current IF 3 - - - -1.20 - -1.20 | made - - - - 3 4.3 - - 14 7
4 . - - ‘ . i ' - . - - 4 |35 . . :
5 - - - - ' ' . ‘. - - 5 | 3.4 . - - ] v
(zivwer Drain [CCL 14 - - - 4.5 - - mAde - - - - - - - - - 14 !
-urrent
{Toral Device? ICCH 14 - - - 13 - - mAde - - - - - - - - - 14 T
Switching Times Pulse | Pulse
n_ | Out
(3-6ﬂ- [} - - - 200 - - ns 3 6 - - - - - 14 - - T
'3.6. 6 - - - 100 - - ns 3 6 . - - . 14 - - B

Pins not listed are left open.

GND -

See General Information section far packaging.
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QUAD 2-INPUT “NAND" GATE
(Active Pullup)

MC672

MHTL MC660 series MOTOROLA

ISSUE A

This device consists of four 2-input NAND gates with
active output pullup.

OPY

10—

12—l

13—

Positive Logic: 3=1 ¢ 2

Input Loading Factor = 1

Output Loading Factor = 10

Propagation Delay Time =

110 ns typ

Typical Total Power Dissipation
Inputs High = 176 mW typ/pkg

input Low =

52 mW typ/pkg

ELECTRICAL CHARACTERISTICS TEST CURRENT * VOLTAGE VALUES (All Temperatures) ‘
Test procedures shown are for one gate mA Volts §
. T H
only. The:other gates are tested in the loo | low | Vi l Vie | Ve © Va | Veer | Vee | Vear ' Veen i
same manner. 12.0-0.03] 6.50: 8.50 | 1.5 1 16.016.0 1150l 140 gsa |
i | i
! Pin ‘ MC6?2 Test Limits TEST CURRENT : VOLTAGE APPLIED TO PINS LISTED BELOW:
) (Under . —30°C | +25°C | +75°C —— —
Characteristic | Symbol | Test ! Min:Max | Min | Max ' Min | Max | Unit | lov / fon | Vi | Vim [ Ve | Ve N Veex - Vee Vear Veen Gnd
- . - 3. 50 - ! 5 5 “de oL 2 | P B ;
Output Vol \OI_ 3 : L f , 1.5 : 1.5 Ve 3 i 1.2 1, i 1 ,
v 3 - RN | 1 Ve [ T - - 2 i4 :
o 300 f12s ‘ | Ve L3l : oo 14 :
Shart-Cireunt I\,(, 3 . -6.5 ‘ 1300 <605 ‘ 15.0 | mAde ) v | ta [ T
Current - : : K : : : : H
Weverse Curren |1 v i . P20l - 20 ] wade| - o ; B ; P 14 207
2 Lo 2.0 ©2.0 : Ade . ! - -2 14 Lo
Outpur Leakage | 1L 3 ! i 110 oo |oAdef - ! ; 3 f 314 1
Current o " : 1 i i i i . :
Forward Curees |1 (I - 1,20 | 1,201 mAde ; . | | 2 i : ;
2 - -1.20 120§ made| - . i bo- 2 1 N :
I"-..w.n:r Drain lL'CL , 14 E - 6.0 I mAde i v B s ' w’. J‘ “ L
urrent i i i i i e 1 L
CToral Deviced lecn 14 [ - - 20 mAde i K N
’:;'l:,»r’hin-_' T . : : Pulse Pulse : ‘ i
| ; n_Ou i C
Y.g. I I - 200 | : ns 13 - f Lo -
s 3 ! L - 100 'L , ns 1 i3 | ; : 14
Pins not listed are left open.
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
TPin TPout
90% . Vee
50% 8.5Lv TPin 50%
10% MCB60 1.5k
—l I—- L— Gnd Gnd
- t,<20ns — ty<20ns O— -3+ t14+3-
TPout 50%
100 pF ou -
. Gnd
f = 500 kHz _ I
DUTY CYCLE = 50% -

See Genera!l Information section for packaging.

e

L

MOTOROLA %G



- . N B

-
£

MOTOROLA Semiconductor Products Inc.

BOX 20912 ¢ PHOENIX, ARIZONA 85036 ¢ A SUBSIDIARY OF MOTOROLA INC.

OGT 46 PHINTED 1N L5A 4oL IMPERIAL LiTWO 319095 i4m



i SN

TORO

EXPANDABLE . MHTL MC660 series
DUAL 2-WIDE 2-INPUT
“AND-OR-INVERT" GATE
{Active Pullup)

MC673 } | ISSUE A

i

This device is a dual unit with each unit consisting of two 2-input AND
gates (one with an input expander node available) that are internally ORed
together -into an inverting output configuration. The outputs have an active
pullup network, thus the useful wired collector logic function is obtained

while maintaining the low output impedance of the active pullup devices. 1 —
2 —
3 6
4 —
5 —
Vece
?14 13 —of
12 —
1.5 -
3k M é 15 k 3k 11 8
. 10 —
12k 12k
9 —
1 P 13
2 12 ,
——
4 0—i¢—4 . .
—_—
5 o—i¢— Positive Logic: 6=(162) + ((3] ede5)
—_— e
12 Negative Logic: 6 = (1+2) e ([3)+4+5)
Input Loading Factor = 1
Output Loading Factori= 10
3k : 3k Propagation Delay Time = 110 ns typ
" Typical Power Dissipation:
J) 6o Inputs High = 160 mW typ/pkg
6 7 8 Input Low = 50 mw typ/pkg

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TPin 50%
Gnd
t1-6+ t1+6-
. TPout : 50%
ouTY CYC*‘.E}P m Gnd

-~ -

Wi

See General Information section for packaging.
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1
[ELECTRICAL CHARACTERISTICS 2
Test procedures are shown for one gate 3 6
only. The other gate is tested in the same 4
manner. 5
13
, 12
1 8 TEST CURRENT / VOLTAGE VALUES (All Temperatures)
10
9 mA Volts
'01 'on Vi Vin Ve Ve | Veex | Vee Vea | Veew | Vx
12.0 | -0.03 [ 6.50 | 8.50 | 1.5 16.0| 16.0 [15.0 14.0 | 16.0 | 7.2
Pin MC673 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW-
Under| —30°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lo fow | Vi | Vin | Ve | Vo | Veex | Vee | Vear | Veen | Vx Gnd
Oulput Voltage VOL 6 - 1.5 - 1.5 - 1.5 Vde 6 - - 1,2 - - - 14 - - 4,5,7
. * 6 - - 1.5 - 1.5 - 1.5 | vde 6 - . 4,5 - - - - 14 - - 1,2,7
Vou 6 12.5| - 12.5 - 12.5 - Vde - 6 1 2 - - - - 14 - - 4,51
- - - - 2 1 - - - - - - 45,7
- - - - 4 5 - - - - - - 1,2,7
- - - - 5 4 - - - - - - 1,2,7
- - - - - 4,5 - - - - - 3 1,2,7
Short-Circuit Igc 6 6.5(-15.0] -6.5{-15.0] -6.5 | -15.0{ madc - - E - - - - - - 14 - 1,4,6,7
Current
Reverse Current lR 1 - 2.0 - 2.0 - 2.0 | yAde - - - - - 1 - - 14 - - 2.7
4 - 2.0 - 2.0 - 2.0 tAde - - - - - 4 - - 14 - - 5,7
Output Leakage I 6 - 100 - 100 - 100 | pAde - - - - - - 6 - - 14 - 1,4,7
CEX
Current
Forward Current I 1 - |-n20f - {-1.20] - -1.20 | mAdc - - - - 1 2 - - - 14 - 7
4 - -1.20) - -1.20 - -1.20 [ inAde - - - - 4 5 - - - 14 - 7
ai - - R - - . - - - - - - - - 14 - 1,2,4,5,7,9,10,12,13
Power Drain ICCL 14 5.5 mAdc s
Current
; i - - - - - : - - - - - - - - - 14 - 7
(Total Device) ICCH 14 15 mAde
Pulse | Pulse
In Out
Switching Times 6. 1,6 - - - 200 - - ns 1 6 - 2 - - - 14 - - - 4,57
- - - - - - . - - - - - - 4,57
8- 1,6 100 1 2 ;
- - - - - 5 - - - - - - 1,2,7
ty 6. 4,6 200 4
- - - - - - 5 - - - - - - 1,2,7
; l4.6- 4.6 100 9 .

Pins not listed are lefu open.,

€L90N
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EXPANDABLE R
DUAL 2-WIDE 2-INPUT HTL MC660 series
“AND-OR-INVERT"* GATE

{Passive Pullup)

MC674 ISSUEVA

This device is a dual unit with each unit consisting of two 2-input AND
gates (one with an input expander node available) that are internally ORed
together into an inverting output configuration. This device varies from the
MC673 in that a 15 k ohm pullup resistor is used at the outputs providing the
capability of an additional wired OR logic function to be obtained from’
the units. ‘

Vce .
014 13—
12—
3k S 15 k % 15 k 3k LR 8
10—
12k S Q —
1 -
20—¢—
30— ’
4 0—i¢—¢
5 O—¢—4
12 Positive Logic: 6= (1e2) + ([3) cae5)
Sk Negative Logic: 6= (1+2)« ([3] +4+5)
Input Loading Factor = 1
3 k Output Loading Factar = 10
Propagation Delay Time = 125 ns typ
o ol Typical Power Dissipation:
6 7 8 ’ Inputs High = 160 mW typ/pkg
Gnd . Input Low = 50 mW typ/pkg
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
90%
50% 50%
10%
1 Gnd Gnd
-—l l—-:,szo ns Lz,szo ns t1+6-
f =500 kHz 50%
DUTY CYLE = 50% ~ Gnd

See General information section for packaging.
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ELECTRICAL CHARACTERISTICS

YL9OW

1
- Test procedures are shown for one gate 2 :ID—L '
only. The other gate is tested in the same 3 6 :
2 -manner. 4
5 . . .
° 13 : TEST CURRENT / VOLTAGE VALUES (All Temperatures)
12 -
. 3 " 8 mA Volts
. .
1 10
e 9 fou lon Vi | Vi Vr Ve | Veex | Vee | Veer | Veen Vy
o X '
3 x 12.0 | -0.0316.50 | 8.50 | 1.5 | 16.0] 16.0 [15.0 140 | 16.0 | 7.2
[
2 0 —
i° pa Pin MC674 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
& w h Under | —30°C +25°C +75°C :
3 o - .
° Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lou | lon | Vi | Vi | Ve | Vo | Veex | Vec | Vear |Veen | Vx | . 6nd
I
s 0 m Output Voltige VoL 6 - st - s | - 1.5 | vde 8 ; : 12 1 - . B ; 14 § - 45,7
o 0 6 - |vs | - [ Ls | - L5 | vde 6 - - 45 | - - - - 14 - - 1,2,7
x 3 Vonu 6 125 - |i2s| - |i2s] - Vde - 6 1 2 - - - 14 - - 45,7
. - - - - 2 1 - - - - - - 4,5,7
: - - - - q 5 - - - - - 1,2,7
N~ - - - - 5 4 - - - - - - 1,2,7
2 0 - - - - - as |- - - - - 3 12,7
> .
© ° Short-Circuit [SC 6 -0.6 [ -1.5]-0.6] -1.5] -0.6 | -1.5 | mAdc - - - - - - - - - 14 - 1,4,6,7
«» : Current '
o
- Q Reverse Current ) lR 1 - 2.0 - 2.0 - 2.0 | ptAdc - N - - 1 - - - 14 - 2,7
. : 4 - 2.0 - 2.0 - 2.0 | pAde - - - - 4 - - - 14 - 5,7
N ,
o 0 Output Leakage Legx 6 - 100 | - 100 | - 100 | pAde - - - - - - 6 - - 14 - 1,4,7
c oh Current ’ ’
o
Bz : -
o ° Forward Current IF' 1 - -1.20 - -1.20 - |-1.20 [mAdc - - - - 1 2 - - - 14 - 7
s B | 4 - |-r20f - [-1.20] - |-1.20{maAde - - - - 4 5 - - - 14 - , 7
r v . »
N Power Drain I " - - - s | - - made| - | - - - - - - - - 14 - 11,2,4,5,7,9,10,12,13
o CcCL ,
- Current
z 3 (Total Device) ICCH 14 - - - 15 - - mAdc - - - - - - - - - 14 - 7
o - - -
3 Q Pulse | Pulse
3 : In Out ,
> 0 Switching Times Ules 16 | - . - |20 - |- ns 1 6 - 2 - . ; 14 ; . - 4,5,
2 - - - 00 | - - 1 - 2 - - - . - 4,51
: ” llt(‘i- 1.6 ! .
m t 4,6 - - - 250 - - 4 - 5 - - - - - - 1,2,7
4-6+ 1,2,7
6. 46 100 4
-y
. : Pins not listed are left open. N




MC675 ) IssuEA

The MC675 is a dual monolithic puise-stretcher which gives an output puise width
equal to the sum of the input pulse width and a time interval determined by an external
timing capacitor and either an internal or external resistor.

The MC675 operates on threshold levels, making input pulse rise and fall times unim-
portant. It has the capability of recycling at any time (zero recovery time) including the
interval when the output is high, and has the characteristic high noise immunity of MHTL.

Flexibility is provided through the use of a two-input NOR gate at the output. With 1
this input low, the output conforms to the definition of a pulse-stretcher. By applying ’ Q
the input waveform to all three input terminals simultaneously, the output conforms to 2— 6
that of a puise-shaping monostable. (The output is initiated by the negative transition of
the input waveform and has a width which is a function only of the timing elements.)

1/2 OF CIRCUIT SHOWN ' 5
_______ ———— - 12 —
- h g = )
¥ ! :#-. Cext 13 — @ 8
Rext YY 3 !
O-—A A r==d L —5(11) =
Vee Rint
3k 23k 20k 9
<
input Loading Factor = 1

12 k Output Losding Factor = 10
(12) Power Dissipation = 180 mW per pack/typ
1 Propagation Delsy:
2 Pins. 1,8 = 150 ns typ :
(13) Pim-&?- 110 ns typ B

12 k
5 N

(9) .

Number in parenthesis indicates pin number for other haif of circuit.

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

" FIGUREY

N 50%

Gnd
'5-6+
50%
Gnd
Gnd
Gnd

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS 5
Test procedures are shown for only one 12 a
.puise-stretcher. The other pulse-stretcher 13 8 TEST CURRENT/VOLTAGE VALUES (All Temperatures)
is tested in the same manner.
ner mA Volts
9
fou | low | Vi | Vi | Ve | Vo |Veex Vee Vear | Veen
12,0 [ -0.03| 6.50( 8.50 | 1.5 | 16.0 | 16.0 15.0 14.0 | 16.0
Pin MC675 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under] —30°C +25° +75°C -
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | loo | Tow | Vi | Viu | Ve | Vo | Veex Vec Vea | Veen Gnd
Output Volthge Vo' | 6 - 1.5 - 1.5 - 1.5 vdc 6 - 1,2,5 | - - - - 14 - 7
- - - - - 2 1,5 | - - - -
AR R RN AR RS I A N
Von 12.5| - 12,5 - 12.5 - - 6 5 | 1,2 - - - - -
Short-Circuit Current ]SC. 6 -6.5) -15.0-6.5| -15.0] -6.5{ -15.0| mAdc - - - - - 1,2 - - - 14 5,6,7
Reverse Current IR 1 - 2.0 - 2.0 - 2.0 1 Adc - - - - - 1 - - 14 - 2,1
IR R
5 - - . - - - - - 5 - - -
Output Leakage ]CFX' 6 - 100 - 100 - 100 | jAdc - - - - - 2 |6 - - 14 5,7
Current :
Forward Current lF 1 - -1.2 - -1.2 - -1.2 mAde - - - - 1 2 - - - 14 1
2 - - - - - - - 2 1 - - -
2 IO O T O A TN A A T O T Y B - (R : ! {
13 3 - - 0.6 -1.1 - - mAdce - - - - - - - - - 3,7
Power Drain Current lCCl" 14 - - - 20 - - mAdc - - - - - - - - 4 |1,2,5,7,9,12,13
(Buth Units) l(’:czu H - - - 24 - - - - - - - - - 5,9 - 1,2,7,12,13
) . . - - - - - - - - - b B " -
oo™ | 1 - - 15 1,2,12,13 5,;,3
v - - - - - - - - - - - - heseazas| -
loeg™™ | 14 21 ,2,5,9,12
Pulse | Pulse
— In_| Out
Switching Times Y | 16| - - - | 250 | - - ns 1 6 - - -] - - 2,14 - . 5,7
- - - - - - - - - . - - 7
ts,g.¢ | 5:6 100 l 5 l 1,2 14 :
. - - - - - - - - - 14 - -
ty g, | 5.6 200 5 1,2

* Tie pin 3 to pin 4.

** Tie pin 3 to pin 4 and pin 10 to pin 11.
Pins not listed are left open.

APPLICATIONS INFORMATION

When the device is connected in the Pulse Stretcher configuration:

1.

Pins 5 and 9 must be grounded.

2. The output pulse, tg (. €quation is: oy Ttjn + 0.3 Reyy (Caxy * 35 pF).°
When the device is connected in the Monostable configuration:

1.

Pins 1, 2, and 5 should be connected together and pins 9, 12, and 13 thould be connected together.

2. No output pulse will accur for an ingut noise pulse of tin <10 Cexq-
3. The output pulse, ty,r, equation is: 1o,y = 0.3 Rgyy (Cexy + 35 pF)."

“tin and tg are in seconds, Cexy in farads. 3.0 k ohms <Rg,, <100 k ohms.

SLIOW



BCD-TO-DECIMAL
DECODER-DRIVER

MC676

The MC676 monolithic BCD-to-Decimal Decoder/
Driver _is designed for use with gas-filled cold-cathode
indicator tubes or other devices requiring - high voltage
drivers. The high voltage output transistors can withstand
70 volts. ‘

MHTL MC660 series MOTOROLA

s .

-

ISSUE A

BEST CoPYy

input I..oodlupF‘ctor-

21110

a 11110

i 11041

=3 1 of T}

3 B oY N s R 1] vl

T4 10 1 1]

1 1ol 1, 1r]
o YEYTY [ o 1_b‘1' 1] 1]
1 vt o 17 v 11141
[ RN RBERENKD] 11 ] 1
Sk T8 T O o I O R O R SR N B R AR |
SR T5 R0 B O I I I T O A 1] 1]
BRSNS ERIEREERE) 1] v
R IEREBERERERE 1 1]
1l vl al v ] 4.1 ] 1
ol vt 1|1} 1t}
= MEEEESENEERENE 1] 1]

Power Dissipaticn = 380 m tvi/plg ;

LOGIC DIAGRAM

(4]
o
o

[%}
o]
N

[]

N
o]
W

Y0t

0
Ks

[

- - - -
N} w IS o
o] ol o . [e]]
® N o a

Ve = Pin 16
Gnd =Pin8

HJ J U U U

cl [l [t
TTTTIY

-
-
ol
o

See General Information section for packaging.

g

.

2 MOTOROLA INC., 1972



CIRCUIT SCHEMATIC

Vee
16 O———

A7W

C 10 0—{¢—

12k

" 3.0k

12k

5.0k

5.0k

5.0k

~

13 Q7

12 38

Gnd




Qo 5
7 — A Qa4
a2p~——3
5 ——g asp—-:2 BEST
da f— 1 BesST COPY
e 15
Q6 p 14
Q7 13
[ J— oY -
Q8 e 12
3o 1 TEST CURRENT/VOLTAGE VALUES (Ail Temparaturest
Q9 ) mA HA Volts
'ou ‘80 Vig Vim VE VR vVee | Vect ! VeCH
10.0 100 6.50 8.50 15 16 0 150 140, 160
MC878 Test L )
Pin 78 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°c +25% +75% : :
Characteristic | Symbol Tent Min Max | Min | Max | Min | Max Unit oL 'sp ViL Vin VE Ve Vee | Veeu vVeeH Gnd
Ourtout Vortage Voo ' - 1.5 - 15 - 15 vac 1 - 679 10 - - - 16 - 3
2 - - - 2 - 9.10 6.7 - - - | - i
3 - - - 3 - 7.9.10 [ - - - | -
4 - - | - 4 - 6.9.10 7 - - : -
5 - - I - ; 5 - 6.7.9.10 - - - : b
n - ! - i - " - 8.10 79 - - - | .
12 - - | - 12 - 6.7.10 9 - R - ! .
P - - | - 13 - 9 6.2.10 - - . .
14 - - | - 14 - 79 8,10 - - ! i -
15 - - L - 15 - 6.9 .10 - - - L - v
Revarse Current ) 6 ‘ - 120 - : 20 - 2.0 uAde - - - - - 6 | - 16 - 3
2N - - - - - - - 7 - - !
l 9 | - ‘ l - - l - - - 9 - l - !
10 i - - - - - ~ - 10 - : - \
Output Breakdown vegp | ! - - 70 - 70 - vae - 1 - 6.7.9.10 - - - e | - 3
Vottage . ‘ 2 i~ - - - 2 - - - - S - !
i- 3 - 4 - - - - 3 - - - - ! .
4 - - - | = - 4 - - - - .
5 - - - L - 5 - - - - [
1" - - - i - - n - - - - H H
12 - - - - - 12 - - - - .
| 13 I - - ] - - 13 - - - Py
PR . - - - - 14 - = L
Ls | L 20 v | 2 0% o: : 15 : - R v
Forward Current e 6 i - -120 - -1.20 - -120 | mAde - - - - 6 - - ’ - ‘ 6 3
HENENEHNNHEEHIEE
9 - - - - - - - 9 - - - !
10 - i - - - - - - 10 - - - '
Power Drain Current | 10 16 - - - 35.0 - - mAdc - - - - - - - - P e 5.73.9 10|
Tots Qsvecer PR - - T 1 30| - ~ | mAac | < N - - B - RN 3
: Puise Puime !
“ | i In Qut '
Swrtching Times 3. ¢ 3 - | - - 500 - - m 6 3 79.10 - - - 16 - 3
6.3 L3 |} - 1 - 600 - - ns [ 3 79.10 - - - 16 - 3

Pins not isted are tett open




Bo a1 G2 ds Ga as de az as 39
MC876
. BCO Decimal Decoder/Driver
A 8 c D
7 6 10 9
3 6 10 13
Q1 Q2 Q3 Q4
Clock 1 Q=—t ; ‘
MC682
. Quad Latch
R 1 . :
eset 15 O—j o1 02 } 03 o4
2 7 $ 9 $ 14
? ? ?
Rp Rp ‘ Rp Rp
Ol O—vq
J Q 3 51¢ Q rae J afg ik Qrg
4| % MC663 % MC663 4 | A MCEE3 | % MC663
Ciock o—( ——dcC L——d o—dc
10
_ - 12 ~|13
Oo—K ar—o o—K ar—0 0—K Q —O0 K a

MOTOROLA Semiconductor Products Inc.

BOX 20912 ® PHOENIX. ARIZONA d%036 ¢ A SUBSIDIARY OF MOTOROLA INC
7341 PRINTES (N A " 2-72 DWPERIAL LITHO 833409
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HEX INVERTER
WITH STROBE
(Active Pullup)

MC677

This hex inverter can replace 1-1/2 quad two-input NAND gate packages
in some applications through use of the enable or strobe inputs. The device
consists of six two-input NAND gates ‘with one input common to four gates
and another common to two gates. Active pull-up elements are utilized to
minimize output impedance. This device is in a 16-pin dual-in-line package.

s

Vce
57 161114
o (? o ? o
T T t
3k 15k% 15k 15k 15 k 3k3
4
12k 312k
3o0—i¢— Pt —Ppt——015
> i
do—rig 5 ks $ 5K P—g—0 12
3k 15 k $15k  3k$
12k $12k
6o ¢ Lam o Pt ©13
¢ (:5;( >t
) Pd >
3k3 15 k3 15 k 15k 15 k $3k
< ‘P
12k3 12 k
1 o——ig—¢ ¢ >t ) Pt 010
T® 5k S 5k Pt
k$ 3
6 L 6
2 8 9
Gnd

90%

15v
©10% 1

J l—-t,szom —

f = S00 kMz
OUTY CYCLE = 50%

See General Information section for packaging.

10

13

15
12

0

- O

Positive Logic: 5 = 3ea

~ 7=3%86

Input Loading Factor = 1

Output Losding Factor = 10

Propagation Delay Time = 110 ns typ

Typical Total Power Dissipation
Inputs High = 246 mw
inputLow = 96 mw

.

ISSUE A

50%

Gnd
t3+5-

a7
i

50%

&

Gnd

€ MOTQRQLA INC 19712
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ELECTRICAL CHARACTERISTICS

3
Test procedures are shown for only one a 5
inverter. The other inverters are tested in
the same manner. : 6 7
! 2
10
P 9
S/
13 11 :
TEST CURRENT / VOLTAGE VALUES (All Temperatures)
15 ,
12 14 rflA Volts ,
IOI. 'ou Vu Vm Ve Ve Vcs'x Vcc Vca Veen
12.0 | -0.03| 6.50{ 8.50( 1.5 16.0| 16.0 }15.0 14.0 16.0
Pin | MC677 Test Limits _ TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
0,
Under| —30°C +25°C +75°C -
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lot:| Yo | Vic | Vin | Ve | Vo | Veex | Vee | Veer | Veen Gnd
Output Voltage VoL 5 - 1.5 - 1.5 - 1.5 vde 5 - - 3,4 - - -] - 16 - 8
VOH 5 12.5 - 12.5 - 12.5 - Vdc - 5 3 4 - - - - 16 - 8
Short-Circuit IS‘C 5 -6.5] -15.0| -6.5| -15.0] -6.5] =15.0 | mAdc - - - - - - - - - 16 3.,4,5,8
Current b . ’ —
Reverse Current# lR 3 - 2.0 - 2.0 - 2.0 1 Ade - - - - - 3 - - 16 - 4,8
21, 4 - 4.0 - 4.0 - 4.0 | pAde - - - - - 4 - - 16 - 3,6.8
Output Leukage Iekx 5 - 100 - 100 - 100 | pAde | - - - - - S T - - 4.8
Current B :
Forward Current® Ip 3 - |-1.20f - [-r20] - |-1.20] made]| - - - - 3 - - - - 16 Y
21 4 - | -240] - |-2.40] - |-2.40| made| - - - - 4 - - - - 16 8
- Power Drain 1. 16 - - - 9.0 - - mAdce. | - - - - - - - - - 16 .1,3,4,6,8,10,12,13,15
e CCL
urrent .
(Total Device) ]CCH 16 - - - 30 - - mAdc - - - - - - - - - 16 8
Pulse | Pulse
Switching Times In Out
13_5‘ .5 - - - 200 - - ns 3 5 - 4 - - - 16 - - 8
- - - - - ; - 4 - - - 16 - - 8
[3'5. 5 ) 100 ns 3 5
Pins not lisled are left open.
*When checking pius 2, 9, 11, 14 the test limit for pin 12 is Hp = -4, 8 mAde.
fWhen checking pins 2, 9, 11, 14 the test limit for pin 12 is 4l = 8.0 pAdce. .
- ~

LLSOW



HEX INVERTER
WITH STROBE

{Without Output Resistors)

MC678

This hex inverter is designed to drive low-current lamps, interface with discrete com-
ponents, and facilitate the implementation of the “Implied AND" {Wired Collector)
function with minimum power dissipation and loss of fan-out capability as well as provide
a “'strobed” inversion function. When used strictly as an inverter, external 15 k-ohm

pull-up resistors should be utilized.

The device is in a 16-pin dual in-line package with two pins used to provide enable or
strobe inputs. These inputs are common to specific sections of the device and allow the

unit to replace 1-1/2 quad two-input gate packages in many applications.

N O-
[+2]

GND

Vee
57 161114
79 T 79
3k 3 3kl
12k $12 &
3 o——ig— — 15
40 t¢ 5 K l r 5 Kk P 12
3k% 3k$
12k
P 013
5k P
> 3k
12 k
P <10
5k bt

ISSUE £

e
Eps
6 ———
T e
nS
-
13 |
ip®
15
12 }“

Positive Logic: 5=3+4
7=4+86

Input Loading Factor = 1
Qutput Loading Factor = 10
Propagation Delay Time = 125 ns typ
Typical Total Power Dissipation

Inputs High = 192 mw

nput Low = 96 mw

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

QO TPin

Vee 9 9 TPout:

1.36 k

1/3 MC870
or Equiv
90% oﬁ “ Yo
50% 85V J
10% l
> GND
..J l._‘,szom —-l I—z,szom

=100 kHz

—1 |-

DUTY CYCLE = 50%

See General information section for packaging.

Vi

TPin 50%
GND

t3-6+ 13+5-
TPout 50%
GND
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ELECTRICAL CHARACTERISTICS

w
e

Test procedures are shown for only one a 5
"inverter.- The other inverters are tested in #
the same manner. 6 7 v : )
. ] .
2
10—
9 .
13 , . TEST CURRENT/VOLTAGE VALUES
1 .
5 mA Volts
. 14
12 .
'Ol Viu Ve Ve Veex [Vee | Vea Veen
12.0 . 8.50 1.5]16.0 16.0 [15.0] 14.0 | 16.0
Pin _MC678 Test Limits _ TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
- | Under —30°C +25°C +75°C - -
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit lou Vi | Ve [ Vo | Veex [Vec| Vear |Veen ‘ Gnd
Output Voltage VOL 5 - 1.5 - 1.5 - 1.5 vdc 5 . 3,4 . - - - - 16 - 8
Reverse Current? ’ IR 3 - 2.0 - 2.0 - 2.0 | pAde - - - 3 - - 16 - 4,8
21, 4 - lao| - 40| - |40/ padl - - - |4 - y 16 | - 3,6,8
Output Leakage lcex 5 - - - |10 ] - | 100 |pade| - - - - - | 58 |- | - - 4,8
Current o
Forward Current” I 3 - |-1r.20f - J-1.20( - [-1.20]| mAde . - 3 - - - - 16 8
ZIF 4 - -2.40| - -2.40| - -2.40| mAdc - . - 4 t - - - N 16 8
Power Drain Current ICCL 16 - - - 9.0 | - - mAdc - 1 - - - - - - 16 [1,3,4,6,8,10,12,13,15
Current . v
(Total Device) locn 16 - - - 24 - - mAdc - - - - - - - 16 8
. Pulse | Pulse
Switching Times ’ In Qut .
: - - - - - s 4 - - - 16 - - 8
3 g, 5 250 ns 3 5
- - - - - ;| - - - 16 e 8 ,
13*5_ 5 100 nus 3 5 4 ‘

Pins not listed are left open.

*When checking pins 2, 9, 11, 14 the test limit for pin 12 is 4Ip = -4.8 mAdc.
#When checking pins 2, 9, 11, 14 the test limit for pin 12 is 4IR = 8.0 pAdc.
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HEX INVERTER
'W1TH STROBE

{(Without Qutput Resistors)

TN
MHTL MC660 series MOTOROLA | AA ,
L

MC678 VIARCH 1977
This hex inverter is gzsigned to drive iow-current iamps, interface with discrete com-
sonents. ang the ‘mplementation of the "Implied AND" !Wired Collector)
function watn rmintmum oower dissication and loss of fan-out capability as well as provide
a ‘stropea’’ inversion function. When used strictly as an inverter, external 15 k-ohm
outl-up resistors should oe utilized.
The device :s :n a 16-cin duai in-line package with two pins used to provide enable aor
strooe nputs. These nputs are common to specific sections of the device and allow the
LMt to reviace 1-1 2 uac tavo-input gate packages in many applications.
l VCC 3
' 57 16 1114 . 5
. - 4——E
t _ .,
. / i Tk é s-—q_j)—
i - e
; 12 K é ) g §1 2k —
S PPN —_ s 10 .
4T 5k "isk 2 13
! 11
| —
]
i 15
3 3 14
; L 3k 12
| —_— —
123 $12k
i < - N .
|6 ————— : - ——Ppr—-s13
i — 545 ~ +" ¢sk —P—
| Positive Logic: 5 =3+ 4
: 7 =46
i ; Input Loading Factor = !
: 3k 2 § 3k Output Loading Factor = 10
X — —_— Propagation Delay Time = 125 ns tyo
‘ - Typical Total Power Dissipation
| 12k - $12x fnputs High = 192 mw
; ‘ ~ C 10 pu 9
1 1 S . —— 2 Input Low = 96 mw
~ — .
i
t 5 PR
! 2 8 9
L GND
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
Q TPin Vee Q TPout
1/3MC670
1.36 k
or Equiv
D: ——90 TPin \ 50%
N/
GND T '

b

o .
— =— t, S20Nns — —1t;$20ns

f=100kH2
DUTY CYCLE = 50%

~
w
]
(4]
+
I
a0
"2
o

(L 2= 100 pF TPout 7Qt 50%

Vin

See General Information section for packaging.



ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one

XIN30=c o 21627 X008
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inverter. The other inverters are tested in S
the same manner. 6 j ] )’ 7
1 1 )D S
10
D
13 I f’\) TEST CURRENT/VOLTAGE VALUES
> -1 - B ——
w o )} mA Volts
--14 -
sl
ot Vin Vr Ve Veex Vee Veer [ Veen
12.0 8. 50 1.5 ]16.0 16.0 [15.0 14 01160
Pin ___ MC678 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW.

Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit lov Vin | Ve | Vo | Veex [Vec| Vea |Veen Gnd
Output Voltage VOL 5. - 1.5 - 1.5 - 1.5 Vde 5 3,4 - - - - 16 - 8
Reverse Cux'relltf' lR 3 - 2.0 - 2.0 - 2.0 | pAde - - - 3 - - 16 - 1,8

21y, 4 - 1.0 | - 40| - 4.0 | pAde - - - 4 - - 16 - 3,68
Output Leakage L. 5 -] - - 100 | - 100 | wAde - - - - 16 - - - 1,8
Current CEX
Forward Current® - e 3 - |-r20f - [-1.20] - [-120] mAde - - 3 - - - - 16 Y
2[F 4 - -2.40 - -2 10 - -2.40] mAdc - - 1 - - - - 1t S
Pn‘wm: Drain Current ]CCL ‘16 - - - 9.0 - - mAde - N - B - - - 6 [ 1,3,4,6,8,10,12,
Current
(Total Device) ICCII 16 - - - 24 - - mAdce - - - - - - - 16 8
Pulse | Pulse
Switching Times In- -Out
l3_5' 5 - - - 250 - - ns 3 5 1 - - - 16 - - ]
(3'5' 5 - - - “,)0 - - ns 3 5 4 - N - 16 - - 4

Pins not listed are left open.
*When checking pins 2, 9,
fWhen checking pins 2, 9,

11, 14 the test limit for pim 12 0s Al = =48 mAde.
11, 14 the test limit tor pin 12 0s 41 - 8.0 ;0 Ade.

890N




MC679 - MC679B | ., | ISSUE A

DUAL LAMP/LINE DRIVER MHTL MC660 series MOTOROLA

The MC679/6798B is a dual lamp/relay driver featuring all-monlithic con-
struction for maximum reliability and economy. Input levels are consistent
with other elements in the MHTL series, making the device ideal for use in
high noise environments. :
The outputs consist of high voltage — high current transistors allowing
the device to operate lamps and relays requiring up to 30 volts and/or 150 mA. 1

The MC679/679B . is designed primarily as a lamp/relay driver, but it is :—'] L1
. = . . . . .. N _i
also suitable for driving shift register clock lines, high capacitive loads, and 5 ‘ 6
interfacing with discrete components. ) 3
9
10 ————7 8
CIRCUIT SCHEMATIC ; 12 _—f—r
13 .
Vee T 14 11
15k F
Positive Logic: 6=1e2¢4 ...5
Input Loading Factor = 1 "
) Qutput Loading Factor = 125 °
1 O~——j—— Propagation Delay Time = 0.5 us typ
. Typical Total Power Dissipation:
2 0—i¢— inputs High = 250 mw
Input Low = 30 mw
40—i¢—¢
5 O—i¢—¢
3 o—mm——-
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
Tpin TPOU(
90% o Vce
50% 85v .
10% | 100 TPin 50%
: Gnd Mceso ‘ 2w
Gnd
l__ 2 p— L 20 ns O—v 3}—-‘
t, <20 ns y< t1_g+ 146
TPout . 50%
1000 pF <
=100 kHz ialke Gnd
OUTY CYCLE = 59‘% L

N

g
See General Information section for packaging.

@ MOTOROLA INC '97.
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~ ELECTRICAL CHARACTERISTICS
» Test procedures are shown for one lamp-
“driver only. The other lamp driver is tested
in the same manner.

(W

4 — 6
)
3 .
9
10 ——— | 8
12 ——JT-
13
1
TEST CURRENT/VOLTAGE VALUES (All Temperatures)
mA | uA . Volts
‘oL |'Bo [ Vit | ViH | VF | VR | Vx | Vec | Veel | Vech
Mc679 | 150 ] 100 [ 650 850 15| 160720 150 | 14.0 16.0
mc6798 | 125 | 100 [ 650 9.0 | 15[ 160[720[ 150 | 140 16.0
Pin MC679 Test Limits MC6798 Tost Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +26°C +75°C -30°C +269C +75°C .
Charscteristic Symboi | Test Min | .Max | Min [ Max | Min | Max | Unit Min | Max | Min | Max | Min | Max | Unit | 1oL |18 [ Vie | Vin | Ve | VR | vx | Vee | vecL VeeH Gnd .
Output Voltage VoL 6 - [ 1ol -T3e =T 106[ vdc - 1ol - T10] - T110] vac | 6 - [ - P2as] =1 - - - 14 = 7
Reverse Current R 1 - 120 - T20] -1 207 nade - l20] -] 20 =] 20 [ sAdc - - -] - - 1 - 14 - 2457
2 - - - - | - - - - - - - 2 - - 1457
4 - - -~ - - l - ‘ - - - - | - 4 - - 1257 -
5 - - - - - - - - - - - 5 - -1.24. ) 4
Output Breakdown Vep 6 - - | +30] - [ +30| - Vdc - - | +24| - | +24| - Vdc - 6 - - - 3 - 14 7 ’ )
Voltage - - - C - - — - - - 1 |245] - - - v
- - - - - - - - - 2 [145] - - -
. - | - - - - -~ - - - | a 125 - - ) .
- . - - - - — — — C— — 5 1,24 — . - - 3
Forward Current I 1 - |-1r20f - |-1.20] - ]-1.20] mAdc - [-120 - }-1.20[ - [-1.20] mAdc - - - - 1 - - - - 14 7 ¢
2 - - — - - - — — — — 2 - . - ’y'
6 - l - l - l l - l - ‘ Z ‘ ‘ - ~ - . p - B ) - L l A
5 . - - - — - —~ - - - 5 - - - '
Power Drain Current Icecu 14 - - - 3.0 - - mAdc - - - 30 - - mAdc - - - - - - - - 14 1,24,579,10,12,13
(Total Device \ccH 14 - -1 -T2a] -] -fmadc| -] -1 - T30 [ -] [maac| - [ -] -] -1 -1 -1-1- - 14 7
Pulse | Puise
in Out
Switching Times -6+ 6 - - - 250 - | - ns - - ~ 1 250 | - - ns 1 6 - |245) -~ 14 :
- | 6 | - - | -~ ]wof -] - ns | o~ - = ]wo] - | - ns il e | - |2as e a - - 5 ;

Pins not listed are left open.




HEX INVERTER
(Active Pullup)

MC680

1/6 OF CIRCU!IT SHOWN

ISSUE A

This hex inverter performs the function B = A and utilizes
an active pull-up to minimize output impedance. This device
is available in a 14-pin dual-in-line package with pin configura-
tion identical to the MC836 MDTL hex inverter.

1 —{>o— 2
3 |>° 4 Positive Logic: 2=7
1
5 —-{>o— 6
JInput Loading Factor = 1
QOutput Loading Factor = 10
9 —{>o— 8 Propagation Delay Time = 110 ns typ
Typical Total Power Dissipation:
inputs High = 246 mw
1" 19 Input Low = 96 mW
13 —‘ 20— 12
BEST COPY-
ELECTRICAL CHARACTERISTICS
Test procedures are shown for only one TEST CURRENT / VOLTAGE VALUES (All Temperatures)
inverter. The other inverters are tested in mA Volts
the same manner. lou Yow | Vi | Vi | Ve | Va | Verx | Vee Ve ! Veen
12.0 | -0.03]6.50[8.50|1.5[16.0]16.0 150 14.0 |'16.0
Pin MC680 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW: |
Under| —30°C +25°C +75°C - {
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | lot Yon | Vi [ Vim | Ve | Vo [Veex | Vee | Vear | Veen i Gnd
Output Voltage VOL 2 - L5 - 1.5 - 15 Vdc 2 - - 1 - - - - 14 - 0
Vou 2 1250 - j12.5f - |5 - vde - 2 1 - - - - - 14 . T
Short-Circuit Current ISC 2 -6.5{-15.0] -6.5]-15.0} -6.5|-15.0 | mAdc - - - - - - - - - 14 12,7
-Re\‘erse Current [R 1 - 2.0 - 2.0 - 2.0 wAde - - - - - 1 - - 14 - 7
Qutput Leakuge 1§ 2 - - - 100 - 100 | sAdc| & - - - - - - 2.14 - - - 1.7
Current CEX
Forward Current lF 1 - -1.20 - -1.20 - -1.20 | mAdc - - - - 1 - - - - 14 b
Power Drain Current ! 14 - - - 9.0 - - .mAdc - - - - - - - - - 14 1.3.5.7.5.11.13
(Total Device) ccL
: lecn 14 - - - 30 - - |made| - - - - - - - - - 14 7
Puise | Pulse |
Switching Times In Out |
te2e 2 - - - 200 - - ns 1 2 - - - - - 14 - - E T
Y. 2 - - - | w0 - - ns 1 2 - - - - - 14 - - i T

» AmBOQ RHZ
DUTY CYCLE = 50%

., T

See General Information section for packaging.

JMOTOROLA INC 2378



HEX INVERTER MHTL MC660 series MOTOROLA AA

(Open Collector)

MCé681

ISSUE A

BEST COPY

This hex inverter is designed to drive low current lamps, interface
1/6 OF CIRCUIT SHOWN with discrete components, and facilitate the impiementation of the
“Implied AND" (Wired Collector) function with minimum power
dissipation and loss of fan-out capability, as well as provide the inver-
sion function. When used strictly as an inverter, external 15 k-ohm
puli-up resistors shouid be utmzed
The device is available in a 14 pin dual-in-line package with the pin
configuration identical to the MC836 MDTL hex inverter.
1 —Do— 2
3 —'DO— 4 Positive Logic: 2= 1
. .
5 —Do_‘ 6 Input Loading Factor = 1
Output Loading Factor = 10
9 l > o 8 Propagation Delay Time = 125 ns typ
Typical Total Power Dissipation:
. . input High = 192 mw
11 _Db_ 10 . input Low = 96 mW
13 —-I >O0—— 12
¥ " . ’
ELECTRICAL CHARACTERISTICS .
Test procedures are shown for only one .
inverter. The other inverters are tested in TEST CURRENT / VOLTAGE VALUES (ATl Temperatures)
the same manner.
mA Volts
loy Vin | Ve Va | Veex | Vee | Vea | Veen
12.0 8.50 | 1.5]16.0]16.0 |15.0 | 14.0 | 16.0
. ] imi TEST CURRENT / VOLTAGE APPLIED
Pin _ MC6BI Test Limits _ TO PINS LISTED BELOW-
Under| —30°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit | o Vi | Ve | Vo | Veex | Vee | Vea | Veen - Gnd
Output Voitage VOL 2 - tus | - s | - 1.5 | vde 2 1 - - - - 14 - 7
Reverse Current ]R 1 - 2.0 - 2.0 - 2.0 | uAdc - - - 1 - - 14 - 7
Output Leukage [ 2 - - - 100 - 100 | uAdc - - - - 2.14 - - - 7
Current CEX
Forwurd Current IF 1 - -1.20 - -1.20 - -1.20 | mAde - - 1 - - - - 14 T
Power Druin Current ICCL 14 - - - 9.0 - - maAdce - - - - - - - 14 1.3.5.7.9.11.13
(Total Device) .
lech 14 - - - 24 - - | mAdc - - - - - - - 14 7
Pulse | Pulse
Switching Times In Out
G |2 - - - | 20| - - ns 1 2 - - - 4 - - 7
11.2_ 2 - - - 100 - - ns 1 2 - - - 14 - - 7
Pins not listed are left open.
“80%
e2-
GND

See General lhformation section for packaging.
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HEX INVERTER
(Active Pullup)

MC680

1/6 OF CIRCUIT SHOWN

14
Vcc?

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one

MHTL MC660 series MOTOROLA

Q

MAY 13T

This hex inverter performs the function B = A and utilizes

an active pull-up to minimize output impedance. This device
is available in a 14-pin dual-in-line package with pin configura-
tion identical to the MC836 MDTL hex inverter.

1 —-{ >0— 2
3 > o— 4 Positive Logic: 2=1
5 —{>o— 6
input Loading Factor = 1
Qutput Loading Factor = 10
9 —{>o—8 Propagation Delay Time = 110 ns typ
Typical Total Power Dissipation:
Inputs High = 246 mw
n 10 Input Low = 96 mw
13 —{ DO~ 12

BEST COPY

TEST CURRENT  VOLTAGE VALUES ' All Temperatures)

inverter. The other inverters are tested in mA :' Volts -
the same manner. ) oo @ low Vi Vi i Ve Ve Ve Vee Ve Vew
1200 7 0035 W0 30513 05 90 i5 9 i3 ) ok &
Pin | MC680 Test Limits TEST CURRENT  VOLTAGE APPLIED TO PINS LISTED BELOW:
: Under | —30°C +25°C +75°C | 1. 1 i '
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max : Unit | loo . | low | Vi | Vi Vet Ve Ve iVee Ve Veew Znd
Crapui b itace VoL P 13 : 13 i L5 | vde 2 ; - ; i ’ - ’ < l - G
¥ oH 2 a2t 13‘5{ 125 - | vde -2 1 e ' ‘
FharteUireui Carrent L LI 1500 -5.3]-15.00 -5.5 i-15 0l maac - |- - ' - : ‘ -
= : ; i i i N { i
Reverse Currant N : Lo - 2.0 i - |20 I - 1 2.0 1 .ade - N 1 i N
i i ; ! ; ; i * . :
. . z o ; Po- 5100 | Laac A B :
fCex | 2 . S [ | 100 ‘ 100 | .ad | ; AR :
Forward Corrent e i1 4 - j-n20) - -n20] - 120 maac o - - i ;
— — -
: : - . 1 Ade b ‘ : : ) H
e 14 | - - 1 3.0 mad i i : 1
lccy @ W f - - - 30 | .- - imade| - - S ; i s
; | i | Pulse | Pulse !
Saatriins Tunes i i ’ i in i Out & !
AT T - - 1 200 | - s 1 P 4o
; : ! i ! :
re2- i 2 I - - - i 100 i - - e 1 2 ; R - i
Dund not sted are ieft dpen
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS .
TPin TPout -
90% ¥ Q. O vee
50% —+ 8.5V b wid L TPin 50%
10%. { MC680 15k
GNOD . GND
Oo— t1-2+ t+2-
o~ t, <20 N8:—et- k-t <20 N3~ ‘
100 pF < GNOD

f=500kHz
DUTY CYCLE = 50%

-



[T

HEX INVERTER
(Open Collector)

MC681

1/6 OF CIRCUIT SHOWN

GND

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one

MHTL MC660 series MOTOROLA M

MAY 1875

This hex inverter is designed to drive low cﬁ)rrent lamps, interface
with discrete components, and facilitate the implementation of the -
“Implied AND" (Wired Collector) function with minimum power
dissipation and loss of fan-out capability, as welt as provide the inver-
sion function. When used strictly as an inverter, external 15 k-ohm
pull-up resistors should be utilized.

The device is availabie in 3 14 pin dual-in-line package with the pin
configuration identical to the MC836 MDTL hex :nverter.

Positive Logic: 2= 1

—DO— Input Loading Factor = 1
! Output Loading Factor = 10
9 >° 8 Propagstion Delay Time = 125 ns typ -
Typical Total Power Dissipation:
Input High = 192 mw
—Do—— 10 Input Low = 96 mW

inverter. The other inverters are tested in TEST CURRENT  VOLTAGE VALUES (All Temperatures) |
the same manner. mA Volts 1
'01 Vi i Ve i Vo | Ve | Vee [ Vear : Veen |
120 | 350 {1.5]160]16.0 [15.0] 14.0 ; i5.0 !
! o MC68] Test Limits TEST CURRENT - VOLTAGE APPLIED i
i Pin | — o1 — TO PINS LISTED BELOW: ) |
| Underi —30°C @ +25°C | +75 C ; ] !
Characteristic _ Symbol i Test | Min | Max | Min | Max ; Min | Max . Unit | lot Vi 1 Ve ! Ve I Ve | Vee | Veer i Veen | Gnd
Jutput Vultage VoL - ‘ R | 13 ! L vae 2 L S - - 14 : - -
Reverse Current I - 2.0 - 20 - ’ 2.0 ¢ .aAde - - - 1 - LR LR T
i B | | : ! i : )
Ou.zpuf »ize;uuge : Lepx 2 | Sy - 100 l - | - - - i - 214 - Lo N
Larrent H ; i : ; i
Furward Current . 1 : - -1..103 - =120 - K -1.20 i made |, - - I g - 5 B N R : 14 \ -
Puwer Druin Current » ICCL L1 - - - 9.0 - i - Imade - - | - - - - A L] 135051118
1 Tutal Device) } ; : i I ; : i
[CCH : 14 - - - 24 - : - I mAdc - - ! - - - - - NS
P | ‘ Pulse | Pulse
cwtening T i i [ . | 0 i .
Switcnng Times_ : | ] l : n ut ;
Gl |2 - - - pesol - b - oas 1 2 - - - 14 - B
Gy 1o2 Lo <100 | - - s 1 2 - - - |- . :
1-2- i 1 !

s nut L1stea are left upen.

# =400 kHe. :
DUTY CYCLE = 80X

MOTOROLA Semiconductor Products Inc.

BOX 20912 o PHOENIX,

X73=40 PUINTED !N 1S4 =72 MPthiaL 1T=C 31 TTY

Im

ARIZONA 835036 o A SUBS!DIARY OF MOTOROLA INC
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QUAD LATCH

MC682.

BLOCK DIAGRAM

MHTL MC660 series MOTOROLA /AT |

7

OCTOBER 1877

The MC682 Quad Latch is useful in monitoring or storage

applications. A common clock input (C), when in the high stata.

a

llows information present at the D input to be transferreg o

the output of the latch. When C is low, the information ores-

e

nt at Q or Q, will remain at the previous level. A commaon

Vce =Pin 16 Reset (R) input allows resetting of ali Q outputs to a logic 0"
GND =Pin 3 : -
s state indecendent of C or D.
09
L e al—os J
LOGIC DIAGRAM
—qR 1/4 OF CIRCUIT SHOWN
20- D aF—oa4a
- -0Q
—C Qt—o6 l_
R R O—
70- aF—os Q
co—{>o—4—{>w
oo [
— Q—010
o [e]
—-qR N ,
90— D Qpb—omn Common Clock Line
c . TRUTH TABLE
— Qp—o013 = —
CID|R{Qnet| Qnsy
- 0o[o[0f o K . .
14 o a 12 olo 1 Qn Gp Input Loading Factor:
, of1]|o0| o | 1 c.o=1
o111 a, | &, R=8
1 o210 ) ] Output Loading Factor = 10
11011 0 1 Power Dissipation = 375 mW Typ. pkg
11110 0 1
111 1 0

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TPin VCC
Q TPout
1/2 MC660
or Equiv 15k
b . 2 D Q 3
50 e K 100 pF
) 15 _la
R Ql——
tr=4S20ns = 1/4 MC682 =
f=100kH2 ’
Duty Cycle = 50% ViH(+8.5 V)

The other outputs are tested in a similar manner.

See-General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

Test -procedures are -shown for one latch.
The other latches are tested in a siilar
manner.

sy YR

)

5
v . A
S -
5 ° 159 ¢1 -
5 A K
7 ﬂ 4C al 3 ‘
¢ R
) o 20 o al v4
(= n . e .
™ Cc Q] ©6
“» 0 {8
£ o 70 D aQl ~5%
D e F
EY p—
<. b 4c  af-o10
i © +4-4R
o m 9o -0 Qa}--emn
b L
z 0 )
x C Q) 013
3 A
> 140D @ 12
>~ i - TEST CURRENT/VOLTAGE VALUES (All Temperatures)
> ° L
. loi. | tou | Vir | Vi | VE | VR | Cp | Vcex | Vece | Veer VeeH
3 : 120 | -0.03| 650 | 850 | 15 [ 160 - EE 14.0 16 0
o - B C650 ] 850 s 0 L e R
Pt Q Pin . _MC682Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
° : Under -30°c | +28%c ] +78°C Sl A R IR NRaht A AR R R R e
> 0 Characteristic Symbol Test Min Max Min Max Min Max Umte oL [ Yon | Viu | Vin | VE | VR | Cp | Vcex | Vee | Vool Veen Gnd
w Output Voltage Voo 3 - 15 - 15 15 Ve 3 2 1 16 8 ¥
< . a4 15 : 15 15 4 2 1
b ° VOH 3 . 125 125 : 3 2 1
o % 4 - 126 | 125 | J 4 2 - a I R A e . g
x Short-Circunt Isc 3 65 | -150 | -65 | -15.0 | mAdc ) : 1.2.15.16 38
< '0 Current 4 65 | 2150 | 65 [ 150 | mAdc I IR EUU RSN SN N S S de o asas ] i
[} Reverse Current IR 1 2.0 2.0 uAdc 1 16 8 3
m 2 - 20 20 2 ‘ 8,14
; 8iR 15 160 160 1% 2,189,114
N Q Output Leakage ICEX 3 - 100 100 uAdc . - - 3.16 1.2.15 ) 8
2 Current a : 100 O T ] SR I TR DN A T B
o : Forward Current I T ’ S120 120 | inAde 1 1516 8
> 0 2 <120 120 2 115,16 8
z o 8tf o 960 960 ) [ R U TR A roaaan | e
0 m Power Drain Current cer 16 ) K5 mAdc 16 N 8
{Total Devicel Ieel 16 35 mAde 16 1,2.7.8,9.1414
~ Switching Tumes | ) Pulse | Pulse : v
ba Out 3
: 213 3 J00 e N R 16 4 ’
0 12-3- 3 300 3
. 12-4 q Ry l 4 ,
1214 4 100 v 4 - . -

Pais ot bted are ettt opaen

1oV T
| N
PRSI TRY . .

Detore gk g Test




QUAD LATCH MHTL MC660 series MOTOROLA @

MC682 | : ISSUE A

The MC682 Quad Latch is useful in monitoring or storage
applications. A common clock input (C), when in the high state,
BLOCK DIAGRAM atlows information present at the D input to be transferred to
the output of the latch. When C is low, the information pres-
) ent at Q or Q, will remain at the previous level. A common
Vee = Pin 16 Reset (R) input aliows resetting of all Q outputs to a logic 0"’
GND =PFin 8 state independent of C or D.

15T o1

—iC Qp—o03
LOGIC DIAGRAM
R 1/4 OF CIRCUIT SHOWN
20— D Qr—oa .
Q
—C at—os6 ,__
9 R O-

70— D ap—os L Q
co—-{>o-<
4

Do [

—iC Q 10
de o 6
™ . Nm——
9 [»} QF—o11 . Common Clock Line
TRUTH TABLE
—C QpP—013 = —
C[D|R|Qn+1| Qn+q
? 010710 0 -1 input Loadi Factor:
140————0 af—o12 ojo|1]| aq, 4, put Loading ai:°ci=1
o[1{o] o 2 ‘Bl
of1]1]| o, | @, =
3 ol o 0 1 Output Loading Factor = 10
1 011 ] 1 Powaer Dissipation = 375 mw Typ/pkg
1 1 o 8] 1
1 1 1 1 [¢]
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
TPin VCC
, TPout
1/2 MC660
: or Equiv 15k
90% 85V )
Q‘
10% | ono s ;
C 100 pF
t.
tr f 15 R & 4
t, = t%S20 ns = 1/4 MC682 =
f=100kH2z
Duty Cycle = 50% ViH(+8.5 V)

The other outputs are tested in a similar manner.

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for one latch.
The other latches are tested in a similar

manner,
150 9 1
H—C Qo3
——qR
20 D Qf—4
—C Qr—o 6
—1-dR
70 D Q-5
—{C Qf—o10
4R
9o D Qp—o11
—C Qo113
| H
140———D Qf--12
TEST CURRENT/VOLTAGE VALUES (All Temperatures)
‘mA ) Volts
loL [ YoH | ViL { ViH | VF | VR | Cp | Vcex | Vcec | VeeL VceH
N 120 | -003.| 650 [ 850 [ 15 | 160 - 160 [ 150 [ 140 16.0
Pin MCEB2 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C_ +25°C +75°C
Characteristic Symbo! |  Test Min Max Min Max Min Max Unit | 'oL [loH | ViL | Vin | VF | VR | Cp | VceEx | Vec | Veco VeeH Gnd
Output Voitage VoL 3 - 15 - 15 - 15 Vdc 3 -] 2 - - - 1 - - 16 - 8
a - 15 = 15 - 15 4 - - 2 - - 1 - - -
VOH 3 - - 125 - 125 - 3 - 1. 2 - - - - ) - l
a - - 125 - 125 - - 4 2. - - - 1 - -
Short-Circuit Isc 3 - — -6.5 -15.0 -6.5 -15.0 mAdc - - - - - - - .1.2,15,16 3.8
Current 4 - - 66 | -150 | -65 | -15.0 | mAdc - - - - - - - - 16 4.8.15
Reverse Current’ IR 1 - - — 20 _ 2.0 wAdc _ _ - _ _ 1 _ — - 16 8
2 - - - 20 - 20 ‘ - - - - - 2 - - - - ‘ 8,15
8IR 15 - - - 16.0 - 16.0 . - - - LT . - - » 2,7.89,14
Output Leakage ICEX 3 - - - 100 - 100° uAdc - - - - - - - 3.16 - - 1,215 8
Current 4 - - - 100 - 100 uAdc - - - - - - - 4,16 - - 1,2,8,15
Forward Current Ig 1 - - - -1.20 . -1.20 mAdc - — - - 1 - - — - - 15,16 8
2 - - -1.20 - -1.20 - - - 2 - - - - 1,15,16 8
81 15 - - -9.60 - -9.60 ‘ — _ - - 2,79.14,16 18,15
Power Drain Current lccH 16 - - - 35 - mAdc = - - - - - - 16 8
{Total Device) lccu 16 - - 35 - — mAdc - - - 16 1,2,7,89,14,15
Switching Times Pulse | Pulse
tn " | Out .
121 3¢ 3 300 ns 2 3 1,15 16 8
12-3- 3 300 3
12-4) a 250 l 4 -,
1214~ 4 100 4 -

Pins not listed ane left open.,

e

1”2V
ov—

, before aaking test

Z890W
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QUAD 2 INPUT
EXCLUSIVE OR GATE

MC683 ) | ISSUE A

et N R <X Ao

Four gate arrays designed to provide four Exclusive OR functions. The
output is high only if one input is high and the other input is low.

2
1/4 OF CIRCUIT IS SHOWN - 3
—
p, pa—
Vce s
TM 6
—.*
—]
15 k 15 k 6k 15 k 1.5k
. p PO
10
8
o
9k
’/ 3 12
13
10— j\\ ' | 1"
20- m—l—k—wuw 07 &
10k ) Gnd - =
J=te2+Te2 -
15 k 3k
>
§5 Kk
input Loading Factor = 2
} ¢ Output Loading Factor = 10
Power Dissipation = 380 mW typ

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TPia 50%
1 . ¥ - : :
ox A ana
qsmuj — 8 L“" t1.3- j—
f = 6500 kM2 . so%
DUTY CYCLE = 60% —
L . Gnd
. = Gnd
- - 50%
11-34 po—

See General Intformation section for packaging.
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for one gate
only. The other gate is tested in the same

manner,
1 ———
3
TEST CURRENT/VOLTAGE VALUES (All Temperatures)
mA Volts
loL oH ViL ViH VF | VR VCEX Vee Veeo VeeH
. 120 | 003 { 650 | 850 1.5 | 16.0 16.0 15.0 14.0 16.0
Pin MCEB3 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°¢ +25°C +75°C
Characteristic Symbot |  Test Min Max Min | Max Min Max Unit | toL |. loH viL ViH'| VF VR VCEX Vee | Veeo vVeeH Gnd
Output Voltage VoL 3 - 1.50 - 150 - 1.50 Vdc 3 - - 1,2 - - = - 14 - 7
) 3 - 1.50 - 150 - 1.50 3 - 1,2 - - - - -
Vo 3 - - 125 - 125 3 2 1 - - - ¢
3 - - 12.6 - 12.5 - - 3 1, 2 - - - - -
Short-Circuit Current Isc 3 - - -650 | -15.0 | -6.50| -15.0 | mAdc - - - - - - 2 ~ 14 137
Reverse Current 2R 1 - - ~ 4.0 - 40 uAdc - - - - - 1 - - 14 - 7
2 - - - 4.0 - 4.0 | wAdc - - - - - 2 - - 14 - 7
Output Leakage Current ICEX 3 - - - 100 - 100 uAdc - - - - - - 3,14 2 - - 1,7
Forward Current 2 1 - - - -2.40 - -240 | mAdc - - - - 1 - - - - 14 - 7
2 - - - -2.40 - -2.40 - - - - 2 - - - - 14 7
Pawer Drain Current iccu 14 - - - 35.0 - - mAdc - - - - - - - - - 14 1.24,57,9,10,12,13
{Total Device) 1cCH 14 - - - 35.0 - - mAdgc | - - - - - - - - 14 7
Pulse Pulse
Switching Times In Out
Input 2 Biased at +6.5 V 1143+ 1.3 - - - 300 - - ns ] 3 2 - - - - 14 - ~ 7
19-3- - - - 100 - - 2 - - - - -
Input 2 Biased at +8.5 V t143- l - - - 100 - - l l l - 2 - - - -
13+ - - - 300 - - 2 - - -
Pins not listed are left open.
‘\

~—




DECADE COUNTER

MC684 | ” a o -l.SSI:J'E“(VZ

- : The MC684 high threshold decade counter consists of four J-K flip- -

: flops plus additional gating to accomplish the counter function. The
E O . flip-flops change state on the negative transition of the clock pulse.
' ) An asynchronous master reset (MR) clears all flip-flops regardless of

' the state of the clock. Each fiip-flop is provided with an individual set
1———dMR N . ) . . S .
M ao 3 (S} input which permits any flip-flop or combination of flip-flops to be
2 9s0 ar A set by applying a low level to the appropriate set inputs'when the clock
5—qs1 is low. One may also set the outputs by applying a low level to the
10——qs2 Q2 13 set inputs when the master reset (MR) pin is low, then taking MR high
14——qs3 before the set pins are taken high.
6 c Q3 13 Inputs CE, TCjn and output TCqy are useful in cascading counters.
7 —-dce TCout provides an output pulse each time the counter reaches its mayi-
9 16 TCoutf——12 mum count. All unused inputs should be connected to V. The MC684
n is self-correcting for BCD states from 10 thru 15.
.. - . 4
‘éc’:g = ::" 16 _ ) COUNT SEQUENCE
n8 . TRUTH TABLE:- E
ouTPYT '
COUNT
Input Loading Factors: TclQ3jaz] o1} ao
ey [ Q [4] [4] ] ]
MR =5 ) 1 8 g ol o 1
Clock, CE = 1 . ) : S 2. ] 1 po
TCin, S0, 51,52,53=2 e Ol B O B
. Output Loading Facth =10 : B g : g’. ‘ }. ? ; /
Total Power Dissipation = 480 mW typ/pkg M -4 G- f'; el e .
Toggle Frequency = 0.5 MHz min 9 L 1 10 e !
LOGIC DIAGRAM
3 a 1 13
oaQo oaQ1 0 Q2 [oYok
§3 14 00—
S5 10 0—
S1 5 c>—J j
- ' S Qo J a1 J3aQ2 J 0347
S0 20— — - 4
: Ly
- _ & 3
c 60 — Y c ¢ s g
K )
CE 7 _ - — K =
R '-—KRQ“'ﬁ RQ2M RQ3
I= L—
MR 10 5 TCout
2
TCn 90 ; - L ,
Vee = Pin 16 . e

Gnd =Pin8

See General Information section for packaging.
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ELECTRICAL CHARACTERISTICS

SO
S
S2
S3
6—— ¢

CEe

2 — 4
5—q
10——qd
14— 49

S —

TC

MR

Qo

Q2

Q3

TCoutp——12

N z

in

———11

BEST COPY

TEST CURRENT 'VOLTAGE VALUES (Al Temperaturesi

mA ; Volts
T I3 T
oL ; 'oH ;ViL Vin | VR | VA [Vcex | Vee | Veoo i VeeH
. 170 7-0031650 850 {15 (160 ] 160 | 150 | 190 | 100
P I MC684 Test Limits
o < TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under | -30°C | -250¢C -7150¢ |
Charactenstic Symiol Test : Min Max  Min | Max Min @ Max  * Unit 1oL | loH | ViIL Vin ! Vg I VR | Vcex | Vec : veer ! VceH Gnd
Vi S 15 KR Tho v N Vol ] N [ G
4 { : | . | 1 . | ! i | i | i
i : : : : N i ‘ : r
1o ! S, ‘ : i ,‘ | P i
1o | - o i [ i | | H
15 ‘1 B [ A L 1 13 Y " ! ! g i
% g g 175 105 Vo 3 2 | . YR 3
- ! i H = H ' | i
a : . | | . 4 5 H i : i 4 '
1 | iy Cod oo oo ! [ !
12 S . L2 |2ase ; P |
| I P : fo0:! g :
15 ', ! Pt IREN B o !
St o oo 3 651-150 P i 2 ; ; I T B
a o [ 5 ; : ! l
no : ! i i 10 - » |
[ Lo , 214 567, | [
| S : L0 ; o
12 Yooy : 14 ! |
2 6 P20 | 120 luadc i 6 | ! 6 | 5
7 200 Do | ; .- 7o | | ! '
! | . ' ! | i ! N
2R 2 fao tao | i j 2 ‘ i i
50 b . i i : 5 : [
a i Lol P : : 9 ! ! C
10! 4 ! i i J 10 ! | ‘
o4 f i ' ! | a | i P |
B i !
5l 1 ! " 100 100 ! ! i ‘ 1 | bl !
) ot aae £ 3 100 - 100 | o adc : [CRTIN ! g
a ! P : i | 415 | i _ Ir
oo o Cod | ‘ ! f11ap i P
. . P : : i f12.16 ! P
' : : | ; i .
. ‘ | i ! ! i
1 : ! 1 ' ! 1316 ; L
it 7 ; 100 2120 | mAag c T
7 120 120§ 7 I
e K : Sz 40 240 i I i S A
- i ! : ' io. i v I
5 i C I . : ;5 ! | | !
9 : Py ; ' [ 91 . : i o
0 i - : ; P10 i Eonon
14 y ] HERE I : : ¢ i i i
i i i - ! i : 1
Gig 1 : i 60 {50 P v ‘ | rtor
[T 16 : ‘ 4y ¢ i [E ! ! ! i i w8
L i ! ] i N
[Tt 16 ! Ioay N | , ; ! i : o 25678,
i : : ' L R i ! Feios
Switching Parsmeters ’ Tvp Pulse In . Pulse Out ! i ’ ' ‘l
: 3 : o j . z 3 - ! : Lo [
N . N i . N . R 1 i | H ' i
iy 300 ¢ , : . . = : i . | i
e e i 20 I P 12 { ! . ! P
re e t ag b ] N P ! !




MC 684 DECAGCE COUNTER

LOGIC DIAGRAM

3 4 1"
9aQo crm Toz
[ &) 140——{,
§; 100
[ 1] aq_—-l 5 —
= s Qo J er—l J§Q2 J Q3
$0 20— . ~ ) —J af
o
— g (o} ¢ o}
cC 6o ] \ﬁ c
c c c
—L.._ c K
€ ro—Jry = =
- — - —
4 R X Ka1 A 621 ROl
MR 10 L
o »e
TCia 90 | Vce = Pin 16

GND = Pin g



TOGGLE MODE TEST CIRCUIT

TPin Vee Vee
0.5 MHz ? .
8.5 v— QO —O 1.5k
Q1 —Q
ov o Q2 +—O TPout
—.J L— 1.0 us a3 —0 100 pF
t, <20 ns (10% to 90%) TCout O
t5 < 20 ns (30% to 10%) =
DUTY CYCLE = 50% -
Waveform' at TP,y must conform to truth table
TYPICAL INTERCONNECTION DIAGRAM
5
Qo Q1 Q2 @3- G4 aGs ae Q@7 0G8 Q9
MC676
BCD Decimal Decoder/Driver
A B C D
¢’ ) 7 6 10 9
3 6 10 13
Strobe 10 Q1 Q2 - Q3 Qa4
MC682
Quad Latch
Reset 150— p, D2 D3 - D4
2 7 9 14
3 a 110 13
Qo Q1 Q2 Q3
Reset 1 O—MR MC684 12
Ciock 8 0—C Decade Counter TCout [—0—e Carry-out
! Carryin 9 TCin S0 S1 §2 s3
2 ’ 5 10 14
L /
Vv
Paraliel Data tnputs
Circuit diagrams utihizing Motorola products are included as a means 1S believed to be entirely reliable. However. no responsii.ty s
ot iilustrating typical semiconductor applications, consequently, assumed for inaccuracies. Furthermore, such nformation oes not
complete information sufficient for construction purposes 1S not convey 1o the purchaser of the semiconductor devices descr:bed any s
necessarily given. The information has been carefully checked and license under the patent rights of Motorola tnc. or others




MC684

‘TOGGLE MODE TEST CIRCUIT

TPin Vee Vee i
T ?
0.5 ViHz MC560 '
35 __ o _Mteso ) §1,5-,< !
[— _I Qo r—0 ‘
| | Qr—o : ;
o920
: hd SAVEY
i\  =—250ns ! i Q3 100 oF == i
L _1 5 T |
% 20ns 110% 0 90%) T T T T T —— TCout ! i
20 ns 190% to 10%) = :
CUTY CYCLE - 50% = i
Waveform at TP, must conform to truth table ’
J
TYPICAL INTERCONNECTION DIAGRAM

|
i
d@o A@rv 3§z as Qa As Qs Q7 as Q49 .
MC676 ;
8CD Decimal Decoder. Driver i
A 8 C D i
t

7 6 10 9
3 6 10 13 '
Strobe 10— 9! Q2 Qs Qa i
MC682 ;
Quad Latch
Reset 150—— . D2 03 D4 '
2 7 9 14 i
3 a 11 13 ;
i
an Q0 Q1 Q2 Q3 i

Reset 1 O——MR MCE84 12
Clock 6 O—i{C Decade Counter TCout —O—= Carry-out
Carry-in 9 0——TCin So 51 - 52 S3
; 2 5 10 14 !
— / f
Vv H
Paraitel Data Inputs i
Circuit giagrams unhizing Motorola proaucts are includea as 3 means is believed to be entirely reliable. However 10 resscns
ot lustrating typica! semiconductor applications: conseguentiy, assumed for inaccuracies. Furthermore. such :nformation :ces = ¢

complete nformaton sutficient for construction ourposes 1s not convey to the purchaser of the semiconductor devices 2ess” D2 47y
necessarily given The information has peen carefully cnecked and license under the patent rights ot Motorola tnc or 2tners
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BINARY COUNTER

MC685

MHTL MC660 series MOTOROLA \/

The MC685 high threshold binary counter consists of four J-K flin-
flops plus additional gating to accomplish the counter function. The
flip-flops change state on the negative transition of the clock nulse.

1——qMR Qo0 3 An asynchronous master reset (MR) clears all flip- flops regardless of
2—4s0 the state of the clock. Each flip-flop is provided with an individual set
5—qs1 Qlf——4 (S) input which enables any flip-flop to be set regardless of the state of
10——qs2 the clock.
14 s3 Q2 ——n Inputs CE, TCin and output TCqyy are useful in cascading counters.
s c TCouyt provides an output pulse each time the counter reaches its max.-
‘ . Q3 13 . o )
; CE a mum count. Negative transitions of CE and TC;, should occur when
s Te 12 the clock is low to avoid incrementing the counter. All unused nQuts
. out——
TCin shoulu be connected to V.
COUNT SEQUENCE TRUTH TABLE
Vge =Pin 16 COUNT OUTPUT
d = Pi
Gnd =Pin8 TC[aQ3] az | a1 | ao
o o 0 0 s} 0
1 0 0 0 ] 1
2 0 0 0 1 0
3 o 0 0 1 1
Input Loading Factors: 4 o] Q 1 4] o]
TR 5 5 0 o 1 o | 1
6 o 0 1 1 ]
Clock, CE = _ 7 o o 1 P 7
TCin.50,51,52,53=2 8 0 1 0 0 0
: -1 9 s} 1 o} ] 1
Qutput Loading Factor o} 10 0 ’ pt 1 0
Total Power Dissipation = 480 mW typ/pkg 11 o] 1 o] 1 1
"Toggle Frequency = 0.5 MHz min :_3, g : : g ?
14 0 1 1 1 0
15 1 1 1 1 1
LOGIC DIAGRAM
al Q2 0313
0a on C:’
S3 140 r ! :
52 100 :T : f
51 50—ty ;
S0 20—
| s S S S :
i Qo J Q1 4 Q2 J Q3
b —J —
t ‘ J | ;
— qC - C qC c )
5 0 —7 :
c & — c Cc C ¢ i
Ce 70— L—K ?
K K ;:
Lk K —K :
R R R R :
T o 1o}
VR 10 ' -
_;—\ 2.
TC;,-, EXe, S 12

See Generai Information section for packaging.




MC685

e
ECTRICAL CHARACTERISTICS
1 MR Qo \_.3
2— 4so0
i
5~ ast Q1 b—4a
10 ——ds2
1a Q2 f——-11
—qas3
_ !
=]
1C Q3 13
7 ' CE
. ; T S
9—__'! TCm COU( 12
—_—
TEST CURRENT/VOLTAGE VALUES (Al Temperaturesi ;
mA . Voits i
- T T -
‘oL i'oH “ViL Vi ! VE - VR | Veex i Vee f Vecl . VecH -
120 -003(650 330 ! 15 16C | 160 ! 150 140 €9
Pin ! MCEES Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW
! Under | _-30°C -25°C | -75% ‘
Characteristic Svmbot ; Test | Min  Max ' Mini Max : Min i Max , Unit oL ! oM ; ViL ViH ' VF " VR WCEX :Vee S VecL | VeeH . Gne
Dot Vontage (UsTh 3 i E 15 - 15 135 5§ vaoc 3 ' i o - :
U P SN z
"ot [ | S Y o
i i A - 12 i : ! .
13 \ \E L i3 B : i \ Y
Yo 3 S12s : . 3 2 ' i & -
4 . : a 5 ) .
no , 1"nooag i
12 4 P i 12 214 3¢€°. !
. e e PR 1
e 13| _ v oy 120 1 : ] ]
Srert Lzl Iorrent Yo 3 -65:-150° -85 -150 [ maac bl ; 1€ -
a | ! o g s '
"o O T 10 1 !
120 - ! 214 557, 3
i S 910 :
! Y L IR | 14 ' Y v
Severse L.rrent 5 3 - .20 o0 LA 5 j 16
; 2o 20 :
2a z a0 20 2 ’ !
z P ! 2 i '
3 Q ! ! !
10 X 10 ! i
: . i Y
T4 ' ' ! 13
S5 ; 100 100 ) v \
DLtTur sear a3k Lorrent iCE X 2 100 100 . 2 | B
4 . [ | e ;
o1 o {0 :
0 P 214 54 7
o ! 510!
12 v Yy v L : 129¢ . \J
Foraar CLrrane B 5 =120 -120 E'"-'Mi { & it
- 1200 -t 0 | - 1
Tie 2 2240 Tag | i >
; i T
5 t ! 5 '
a i 5 I
10 : 10 !
1 1 v b !
iz -5 0 560 Y \ L
! - i
Pawver Dran Current 1 a0 - ;
Tota: Device: f a0 . . .
Switching Parameters ! Typ Pulse In Pulse Out !
s = ' i3C A u ' 3 i
e 200 3 ;
T< Toe- ey 12 !
o ' !
-TC o EREES : 200 ‘ I | Y 12 : | \J




0.5 MH2
8.5 V—

Qv

250 ns

Ty €20 ns (10% to 90%)
tf S20 ns (30% to 10%)
ODUTY CYCLE = 50%

TOGGLE MODE TEST CIRCUIT

TPin

Qo

Qi

Q2
Q3

TCout

LI

™

out

1.5k

1100 oF

Waveform at TPq ¢ must conform to truth table

TYPICAL COUNTER WAVEFORMS

Q3

Tcout




BINARY COUNTER

MCé685 ) | ISSUEC

The MC685 high threshold binary counter consists of four J-K flip-
flops plus additional gating to accomplish the counter function. The
flip-flops change state on the negative transition of the clock pulse.

An asynchronous master reset (MR) clears all flip-flops regardless of
the state of the clock. Each flip-flop is provided with an individual set

) MR Qo (S) input which permits any flip-flop or combination of flip-flops to be
2 so 3 set by applying a low level to the appropriate set inputs when the clock
9 a1 4 is low. One may also set the outputs by applying a low level to the
5- qs1. - set inputs when the master reset (MR) pin is low, then, taking MR high
0—masz -, _— . before the set pins are taken high. ;
14——qs3 Inputs CE, TCin and output TCey¢ are useful in cascading counters.
6 c a3 13 : TCouyt provides an output pulse each time the counter reaches its maxi-
7——cE | * mum count. Negative transitions of CE and TCin should occur when
9 TCinT%m_n ‘ the clock is low to avoid incrementing the counter. All unused inputs
" should be connected to V¢(.
Ve = Pi COUNT SEQUENCE TRUTH TABLE
cc = Pin 16 )
Gnd = Pin 8 L © COUNT OUTPUT ’
‘ TC | Q3 Q2 | a1 Qo
] o. | o a o 0 o
H 1 o [s] (o] [¢] 1
. 2 [\] 0 o 1 0
Input Loading Factors: 2 g g ? ; (1)
MR =5
Clock, CE = 1 : g,' g : ? ;'
“‘”‘\ TCin.50,81,82,83=2 7 P P 1 1 1
OQutput Loading Factor = 10 8- . g : g g ? ’
Total Power Dissipation = 480 mW.typ/pkg- " o |1 | o 1 0
Toggle Frequency = 0.5 MHz min s i g + :: ? :) ;
o 2 I T o |1
-0 t 1 1 [}
ot 1 1 1 1
LOGIC DIAGRAM
Qo - Q1 Q2 Q3
03 04 011 013
$3 140~
52 100-
S1 50—
S0 20-
—(L J) fol
S S s S
Qo 4 J Q11— J Q2 J Q3+
—J —J
J
—] \Z qC c —qcC c
[0 S
c s o__]: dc (o1 C Cc
CE 7 - Lk
K K
. LS K K
R R R R
[*]
r MB 10—
TC,h 9 . ' 12

v See General Information section for packaging.



iviL00J

- <

e BETRUGO YR 43853

*

TEST CURRENT/VOLTAGE VALUES (ANl Temperarares)
mA [ Volts
‘o [ lon TVie Vi [ Ve [ Va [Veex Vee | Veer | Veen
1207-003]650 850 |15 {160 | 160 | 150 | 190 | 160
) M T i
Pin €685 Test Lumits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +75°C
Characteristic Symbol Test Mi",l Max | Min | Max [ Min | Max Unit oL loH [ VIL Viu ! VE | VR | Veex Vee f Veeu VeewH Gnd
Output Voltage VoL 3 - j 15 . 1.5 1.5 Vdc 3 1 l !5 I} 1'6 - 8
4 ! - 4 | |
1 | 1 il Lo .
12 - 12 * l } i ‘
13 i 13 { H )
T T
VoW | -3 : 12,5 125 - Ve 3 2 i T - 8
4 - - I S T 5 ! .
7" - i 1" | o i ‘ | -
12 ! 12 125 | 679 i ‘
i 10,14 i 1
13 - - 13 ] 141 | v
Short Crrcunt Current Isc 3 - -6.5|-15.0{ -6.5 [-150 | mAdc 2 i - [ 16 8
. - . 5 | |
1 10 [ -
12 - 2.14 ’ 5.6.7. - II
9.10 |
13 Y 14 | - - i v
Reverse Curren: IR 6 2.0 20 |uAdc i ! 6 | | 6 | - 3
7 ! 20 20 | ! 7| ! ! i |
2R 2 ! a0 | 4.0 i | 2 | ! !
5 ! i I i 5 ! ! |
; | | o o | | |
10 | | i i 10 [
|14 | | “ i 14 : ; | i
sig | | 100 i 10.0 | o 1 ; 1 ! LY
Qutput Leakage Current|  IcE » 3 i ‘ i 1oof 100 | .Adc f ; ; { 3.:2 i i i 8
4 1 [ [ ! i !
1 i [ i ! ! 0 | ‘ 116 | ‘ , J
’ 12 | ‘ | 2.14(56.7 i 1216 |
[ ; ' f ] 9.10 | i I r ‘
i 13 | i 14 11316 | |
H T 1A ~
Forward Current e j G ’ -1 20! =120 | mAdc } ‘ G 5 h : 1’0 ’ g8
| | -1 20 <120 ‘ i ; 7 i f P ] !
2 | 2 ! -2.401 -2.40 | i 2| | J Pl
3 | | ! - N o
| 3 | i A Lo L
i 10 ! | | i 1 i | ! i o
| e | ‘ | P [ ey
Sie | ! 6.0 60 f i v : ) } ; .
Power Dramn Current 'CCH ‘f 16 E a5 mAde " i . ’ ' | ’ 6 f’ ;’ ,
. H E e i i ! | 16 1256.7.3)
‘Total Device! Icc ’ 16 I’ a5 mAcic ! ' I E , ‘ ; i e
i I { H ! H
- T H i ! i H
Switching Parameters i ! i | Tvp | ! Pulse In | Puise Out ! i ’ ! i i
| N sl H 8
Turn-On Delay Q tye- ‘[ 6.3 J ‘\ 170 n|s [ 3 ! ; ] 1I(w ,; f c:u
Turn-Off Deiay Q g ' 6.3 | 300 | ’ [ 3 ; , ; s; | i ‘;
Turn-On BDetay - TC Tpoi- 6,12 220 , ’ i II 2 [ i Lo : | "
Turn-Off Detay  TC| 1. 6.12 | 400 | ] ‘ i 12 | | LY ! l




TOGGLE MODE TEST CIRCUIT

TPin TPout )
? Vee
0.5 MH2z
8.5v— MC660 Qof—o 15k
i e
av ! OT ‘ ' Q2 }—o0 o—s !
- Q3}—o
L——j—LOus L ] o ‘ ;J=100pF
ty €20 ns (10% to 90%) out—o0
tf 20 ns (90% to 10%) _j
DUTY CYCLE = 50% =
Waveform at TPq s must conform to truth table -
A} - N

T

TYPICAL COUNTER WAVEFORMS

Cilock

j N Sy Sy Y s R s O e A e I e

Q2 | L J L
s 1 1
I

TCO ut




MC686

4-BIT SHIFT REGISTER

! ——aq MR
2—qso
5 ——qs1
10———as2
14——qs3

Qo

Q1

Q2

3

P—11

The MC686 high-threshold shift register consists of four J-K
flops connected in serial fashion. The flip-flops change state on =2
negative transition of the clock pulse. Q Outputs are availaoie from sz

i

four stages, and Q from the last register stage.

An asynchronous master reset (MR) clears all flip-floos regardiass of
the state of the clock. Each flip-flop is provided with an indivicuai et
input (S) which enables any flip-flop to be set regardless of the state of
the ciock.

The clock enabie (CE) control provides a means of inhibiung ne

| clock input. Negative transitions of CE should occur when ths clock .5
6 c Q3}——13 ; )
. P fow to avoid shifting the register. All unused inputs should be connec:zg
—~ Vce.
s—Ip as 12 o Vee
Vee = Pin 16 TRUTH TABLE
Gnd =Pin 8 ‘'COUNT| D Q31 Q2| Q1| Qo
o 1 0 (1] [»] L}
Input Loading Factors: ; : . : g (1) :
MR = 5 3 1 0 1 1 1
Clock, CE =1 . ) 1 1 1 1 .
D0.30,.31,382,83=2 o o 7 T : é
Output Loading Factor = 10 ; g ) : : ‘1) g ) :
Totasl Power Dissipation = 480 mW typ/pkg 3 0 1 0. 0 Y
Toggle Frequency = 0.5 MHz min 4 0 Q| o 0 o
LOGIC DIAGRAM
Qo Q1 Q2
Q3 Qa Q11
S3 14 O—
§2 10 O—
$1 50
So 2 0- _
, 4 4
S S S
J J Q J Q J '
! .
— ——a ——aC ——d C | :
C 6 )’ — — C 1 C :
Ce 70 K K a K .Q K Q
R A R ]
T o i

‘ : See General Information section for packaging.



MC686

ELECTRICAL CHARACTERISTICS

—
| .
1 ———q MR Qo 3
2——4qso
! Q1 4
5 ——qS1
i
10 ———as2
! Q2 b—11
14 —q S3
1
S——C¢ a3 BEST COPY
7 1 CE
9 10 Q3 p——12
e
TEST CURRENT/VOLTAGE VALUES (All Temperatures)
mA !
oL lom i ViL Vin [ Ve | va Veer | Veen
120(-003{650 350 | '3 160 140 160
P MC686 Test Limits .
n ry o TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW
Under -30°9C -25°C
Characteristic Symbot Test Min. | Max | Min | Max Unit oL} 'oH | ViL ViKM | VE | VR Veeo VeewH
Qutout Voitage Vor 3 - LT 15 5 Vdc 3 1 - - 16 -
4 - 7 | | a - !
X - | - I I ] I B
13 - H ! 13 {
12 N v \ 12 - v \
VoM 3 125 - . 16 3
L i - ; !
" j : } f
12 | :
13 - \
Short Circuit Current isC 3 . ~.|-65]|-150 - 16
4 - ! ! )
1" - i i - '
13 : ‘ :
12 - \ - \
Severse Current g 6 2.0 6 16
7 20 7 i
f Ny 2 40 2
. 3. | ) !
9 ; 9 ;
10 ‘ 10 :
14 1] 14 :
3iq | 10.0 | Y
Cuteur Leakage Current 'CEX 3 100
3 P
" n
13
12 -
Forware Current 'E 8 -120 mAdc [} 16
7 -120 - 7
2 2 -2.40 - 2
5 - - S i
9 - - - - 9 - -
10 - - 10 - .
14 - - - 14 - ;
sig 1 -] -] - 160 - -] - - \
Power Train Current ICCH 16 - - 40 mAdc - - - 16
Tta Device: ‘ceL 16 . . — 40 mAdc 16
Switching Parameters Typ Pulse in Puise Out
Turndadeay O 4. 6.3 - - - 170 ns 6 "3 - -
L T.en0t Dmay - Q toa- 6.3 - - --{ 300 ns' 6 3 -

BOX 2C312 o PHOENIX
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4-BIT SHIFT REGISTER

MC686 : - ©ISSUEC

The MC686 high-threshold shift register consists of four J-K flip-
flops connected in serial fashion. The flip-flops change state on the
negative transition of the clock pulse. Q outputs are available from all
four stages, and Q from the last register stage.

An asynchronous master reset (MR) clears all flip-flops regardless of

: the state of the clock. Each flip-flop is provided with an individual set
1—dMR Qo 3
input (S) which permits any flip-flop or combination of flip-flops to be
2——gso set by applying a low level to the appropriate set inputs when the clock
5—qst a 4 is low. One may also set the outputs by applying a low level to the set
10 ——qds32 a2 " inputs when the master reset (MR) pin is low, then, taking MR high
14——qs3 before the set pins are taken high.
6 c a3 13 " "~ The clock enable (CE) control provides a means of inhibiting the
7———cCB ) clock input. Negative transitions of CE should occur when the clock is
9 D a3 12 . low to avoid shifting the register. All unused inputs should be connected
to Vce.
Vee = Pin 16
Gnd = Pin 8

Input Loading Factors:

MR -5 B . ‘" . - TRUTH TABLE
Clock, CE =1 COUNT| D | @3 | Q2| a1t | ao
D,.50,31,52,83=2 ) —
: o 1 o o 0 (]
Output Loading Factor = 10 1 -1 i o0 o o 1
Total Power Dissipation = 480 mW typ/pkg :2; : ~f g ? : :
Toggle Frequency = 0.5 MHz min 4 7 1 1 1 1
o ) ] 1 1 1
1 B I SO B 1 0 s
.2 o 1 i a 0
3 0. 1 0 0 (1]
4 [+ 2 o] o o o
LOGIC DIAGRAM
a0 Q1 Q2 ) Q3 Q3
Qo3 o4 o1 Q13 012
$3 14 0-
§2 10 O~
: §1 50—
S0 20— 1 l
S s s S
J Q J lo} J Q J Qr—
— —{C ——dC c ——acC
C 60— 7 —C —1c —C
CE 70— K a K - a K a K a
R R R R
[*] 9 [*]
MR 1 O0—
D 9 - >——-{>o—

See General Information section for packaging.
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MC686

- ELECTRICAL CHARACTERISTICS

1—dMR Q0 pP————3 |
2——dso
85— 431 Q1 4
. 10 ——ds2
Q2 b—11
Id—q s3
6 ¢ Q3p——13 -
7——CE TEST CURRENT/VOLTAGE VALUES (All Temperatures)
9—1p 3312 mA Volts .
‘oL ['oH [VIL ViH | VF | VR | Vcex | Ve | Veel | Veew
. 120 |-003[6.50 850 | 1.5 { 16.0 16 0 15.0 14.0 16.0
Pin MCEBS6 Test Limits TEST CURRENT/VO'LTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +25°C +75°C ’
Characteristic Symbol Test Min | Max [ Min | Max | Min | Max Unit loL| toH [ ViL Vin | Ve | VR Vcex | Veec | Veco VeeH Gnd
Qurout Voltage VoL 3 1.5 1.5 1.5 Vdc 3 1 - 16 - 3
4 - a - - -
1 1 - R
13 - - 13 -
12 12 14 -
VoH 3 - 12,5 125 Vdce 3 2 | - - 16 8
a | 4 3 " - ’
1 1m0 - - - i
12 12 1) - - - |
13 - - 13 | 14 - - - - Y
Short Circuit Current 1sc 3 -6.5[-15.0{ -6.5 |-15.0 | mAdc 2 - - - - - 16 3
4 ! { S N - - 4
Rl | L 10 - - - -
13 14 - - -
) 12 ‘ \ 1 - - - - - v
Reverse Current = 5 120 20 "} uAde 6 - 16 - 8
7 20 2.0 7 - |
2ty 2 a.0 4.0 . 2 - i
5 . S | - I R
9 - L 3 C B A
10 - 10 - = - ! ;i
14 * 14 - N | h
) 5iq i 100 100 | ¥ 1 - \J
Outout Leakage Current| icgx 3 100 100 . [ wAdc 2 - - 3,16 - 3
4 | - - S 4.16 - !
1 - - 10 - - 11,16 - - - !
13 ¢ I V0 [ 12,16 - !
12 Y - 1 - - 13.16 - * .
Forward Current g -6 -120 -1.20 | mAdc 6 - 16 3
7 -1.20 -1.20 - 7 - B I ‘
e 2 -2.40 -2.40 2 | /
5 - s | - - - L] | /
9 - - - 9 - - ! /
10 - - - 10 - i /
14 - - R 14 - - /
SIg 1 -6.0 -6.0 - 1 - ‘ o
Power Drain Current lccH 16 45 mAdc - - - - - 16 8 b
‘Totat Devicel lecL 16 45 mAdc - - - - 16 2.56.7.8)
: 9.10.14
Switching Parameters . Tvp Pulse In Puise Qut
furn-On Delay - Q Ya- 6.3 - 170 - ns 6 3 - - 16 - - 3
Turn-Off Delay - Q g~ 6.3 - - 300 ns 6 3 - - - 16 - - 3
;7
TPin Vee Vce
? ’/
0.5 MHz e
MCS6: 15k
85 V— g r ’___.__6_0_—_l Qo —O
: | I Q1 —Q
ov —J o—4— ))— Q2 —Q TPout
—-l l-—tom | ’ I Q3 O 100 pF
l_ ———— — — o ——— | a3 pP—0

t, <20 ns (10% to 90%)
tf < 20 ns (90% to 10%)
DUTY CYCLE = 50%

Waveform at TPy, must conform to truth table

N

MOTOROLA Semiconductor Products Inc.

BOX 20312 e
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DUAL J-K FLIP-FLOP

MCess e R : e ,JSSUV’EA

. This negative-edge-clocked dual J-K flip-flop operates on the’
master-slave principle. This device provides both SET and
RESET inputs on both flip-flops in the package. Each flip-
flop may be set or reset by applying a low level to that par-
a4 ticular input when the clock is low.
l The J and K inputs are inhibited when the clock is low and

3—+ S ar—se enabled when the clock is high. The logical state of the J and
1—qc¢C _ K inputs MUST NOT be allowed to change when the clock is
2 K g Qf—7 » in the high state.

13—‘| J S Qf—10
15 —qC L
= . Input Loading Factor:
—dK L—9 P
14 A_Qa R, S Inputs = 2

11 ! ' . o .t Otherinputs’= 1

: © . .. OutputLoading Factor = 10
o frog= 28 MHz.typ:
Total Power Dissipation = 375 mW typ

N

Vce = Pin 16 e

Gnd = Pin8 4:
SET o—— %
J O
3 Q
LOGIC DIAGRAM ETOCK o——— >
1/2 OF DEVICE SHOWN -
Q
K o0— ﬁ
: N
V
RESET o —{>o

TRUTH TABLE

0 = Low state

t, the 1 1 = High state
R s ] K Q x = Don’t care
tnh = Time period prior to negative

. ? 6 X . x ? ; transition of clock puise.
. x x

1 1 0 0 a, a, th+1 = Time.period subsequent to

1 1 0 1 1 negative transition of clock

1 1 1 o] 1 0 pulse.

! 1 ! ! Qn Qn Qp = State of Q output in time

period t,.
. * = Clock pulse must be in low state

See General Information section for packaging.



ELECTRICAL CHARACTERISTICS

Unless otherwise noted, tests are shown for
'cmly ane flip-flop. The other flip-flop is
tested in the same manner.

|

3—J S a 6
1 —q
-_— -~
2 K r Q}—7
s
12 “l
13—J S a 10
15 —qC
14—K R Qf—9
11 __T TEST CURRENT/VOLTAGE VALUES (All Temperatures)
mA Volts
oL | 'on | Vie | vin | Ve [ va | veeL | Veen Vee | Veex
12.0 -003| 650 8.50 15 16.0 140 16.0 15.0 16.0
pi MC688 Test Limits TEST CURRENT/VOLTAGE APPLIED
n - .
Undor -30°C +259¢C . +75%C TO PINS LISTED BELOW:
Characteristic Symbol [ Test Min Max Min Max Min Max Unit loL IoH | ViL Vin Vg VR Veel | VeeH | Vee | Veex CcP, Gnd
Output Voltage Vor 6 - 15 - |18 - 15 vdc 6 - 15 [ 234 = - 16 - - - - 8
7 - - - 7 - 14 235 - - - - - -
6 - - - 6 - 3 245 - - - - - 1
7 - - . .7 — 2 345 - - - - - 1
VoH 6 12.5 - 125 - 125 - vdc - 6 14 235 - - 16 - - - - 8
7 - - - - 7 15 234 - -~ - - - -
6 - - - - 6 2 345 - - - - - 1
7 - - ~ - 7 3 245 - - - — - 1
Leakage Current ICEX 6 - -~ - 100 - 100 uAdc - - - - - - - - 235 6.16 - 148
71 - - - 100 — 100 uAdc - — - - — — — — 2,35 7,16 — 1538
Short Circuit Isc 6 -6.5 -15 6.5 -15 65 | -15 mAdc - - - - - - 16 - 235 - - 1486
Current 7| 65| -15 65| -15 | 65| -15 | mAdc - - - - - - 16 — 2,3.4 - - 15,78
Reverse Current IR 1 - - - 2.0 — 2.0 rAdc - - - — - 1 16 — - - - 8
2 - - -~ - - - — - - 2 - - - - 1.8
3 - - - - - - -~ - 3 - - - - 18
- 4 - - - - - - - - - 4 - - - - 8
5 — - - - - - — — - 5 - - - - 8
Forward Current (13 1 - -1.20 - -1.20 - -1.20 | mAdc - - - - 1 -~ - 16 - . - 8
2 - -1.20 - | 120 - | -1.20 - — - - 2 _ - 1.16 _ _ _ a8
3 - | -1.20 - 112 - |20 - -~ - -~ 3 - - 116 - - - 5.8
21 a - -2.4 - |.-24 - -24 - - - - 4 -~ - 16 - - - 1,235
5 ~ | -24 - -2.4 - | 24 - - - - 5 - - 16 - - - 1.2.34
Power Drain lceoL 16 - - - 35 - - mAdc - — — — - - 16 - - - | 12345811
Current : 12,13,14,15
(Both Flip-Flops) lccH 16 - - - 30 — — mAdc — - _ — — — — 16 - — - 8
Pins not listed ar€ left open,
cp, — —10v

ov




TOGGLE MODE TEST CIRCUIT

TPin

Vec=18v
MC660 )
1.0 MMz~ - —————
8.5.V— !— . . ; . 15k
DD
oV L__ o L _J Q —O TPoyt
—— 250 ns -
t; <20 ns (10% to 90%) 100 "FI
tf <20 ns (90% to 10%). Vce and ground connections to the devices are not shown.
OUTY CYCLE =50% All unused inputs are at Vee
Frequency at TPgyut must be % fraquency at TPin.
SWITCHING CHARACTERISTICS
-30°C 25°C +759C
Characteristic Symbol Typ Min Typ Typ Units
Propagation Delay
Delay from S to G tpd- 65 - 80 100 ns ’
Delay from R to G tod- 65 - 80 100 ns
Delay fromS to Q tod+ 250 - 300 400 ns
Delay from R to O tod+ 250 - 300 400 ns
Delay fromCtoQor Q tod+ 300 - 350 450 ns
Delay from Cto Qor Q3 tpd- 85 - 100 130 ns
Jor K Input tsetup’ 55 - 60 70 ns
Jor K Input thold 26 - 24 0 ns
fToggle fTog — 1.0 25 - MHz

OPERATING NOTES

1.1f any input of the MC688 is not used, it should be
returned through a 2 kS resistor to Vee. This is par-
ticularly true of SET and RESET inputs, as these are
most susceptible to noise. A single resistor may be used
for up to 300 unused inputs.

. The truth table shown for the MC688 is completely
valid only when J & Kinputsremain unchanged through-
out the entire period when the clock input is high. This
is @ master-slave device, with the master receiving its
instructions while the clock input is high. A study of
the logic diagram will reveal that the J & K inputs can
cause the master to reverse states once —andonly once —
while the clock is high. Thus, if — while the clock is
high — the logic signals of the J & K inputs are such
that the flip-flop should reverse states at the negative
clock transition, it will reverse states on the negative
clock transition regardless of any subsequent change
of Jor K.

The master-slave principle as used in this device leads
to the aforementioned restriction which may not be
desirable in some instances. However, it can be shown
that an MHTL system is inherently more susceptible to
negative-going noise than positive-going due to the
difference in impedance levels. The design of the MC688
is such that negative-going noise appearing on the J or
K inputs must last throughout the entire duration of the

clock pulse to have any effect. The net result can well
be a system with greater than expected noise immunity
if care is used in other areas of the system.

3. The SET and RESET inputs control the output states

when activated while the clock is low. A logic zero on
these inputs has no immediate effect on the outputs if
the clock input is high, but it can change the state of
the master section. As an example, consider SET &
RESET high, all other inputs and Q output low. If a
clock pulse is received under these conditions, the output
will not change. However, if SET is momentarily
activated with a logic zero while clock is high, the flip-
flop will reverse states on the trailing edge of the clock.
This provides a means of synchronous data entry into
the device without using J & K inputs. This feature is
quite useful in certain types of shift registers and
counters made with the MC688.

4. As with other saturated togic devices, input rise and

fall times should be minimized for best operation. The
most critical input in this respect is CLOCK, which
should have a transition time of less than 0.5 usecin
either direction (measured from 6.5 to 8.5 volts). Fail-
ure to observe this restriction may result in triggering
on positive clock transition or multiple triggering on
negative clock transition.



HEX INVERTER
(High Voltage)

MC689

ISSUE A

The MC689 is a high threshold hex inverter with open collector outputs.
It is designed to drive low current lamps, interface with discrete components,
and to interface high level. logic to any logic level from 4.0 volts to 20 volts.
The input diode has been left off the circuit so it may be exapnded. to any

number of inputs.

CIRCUIT SCHEMATIC » 3
' (1/6 OF CIRCUIT SHOWN)

Vee .
14 AN . .
9

312k

Positive Logic: 2 =7 "

Input Loading Factor = 1

Output Loading Factor = 10

Propagation Delay Time = 150 ns typ

Typical Total Power Dissipation with '
Vec® 15V

inputs High = 173 mw
Inputs Low = 55 mw

Gnd

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

Tin TPout Vee
[e] (o] +5.0 Vdc
. : T 75V
1N2369 | 1n2369 n A : \
PULSE Gnd
GENERATOR A tog- - toar
TPou' 7.5v
gp 10pF =R 0 pF T 1SpF A
PW = 1.0us SOPFI ] I ISOQ ) I ] . Gnd
f = 500 kHz : L =

R =510 ohms for tog- test.
= 3.6 k ohms for toq+ test.

Soe General Information section for packaging

JMOTOROLAINC 13/ A
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Y108 OHIN Yviasdw!

wO!

W)

"XIN3OHd o 21602 X0OB

“OU| SPONPOIG 403DNPUODIIWIDS VIOHOLOW

ONI VIONMOLOW 4O AMVIQISBNS VvV o 9C0EA YNOZIHV

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one

inverter.
the same manner.

The other inverters are tested in

TEST CURRENT/VOLTAGE (All Temperatures)

mA Voits
lota | 'oL2 |ViL [ViH | VF | Veex | Vec | Vecr | Veen
_ 10.0 20.0 7.00| 850] 05 20.0 20.0 12.0 25.0
Pin MC689 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW
Under -30°C . +26°C +75°C .
Characteristic Symbotl Teost Min | Max | Min | Max | Min | Max Unit loL 1 loL2 [Vie [ Vin | VE Veex | Vec Veed VeeH Gnd

Output Voltage VoL 1 2 - ]los | - 05| — | 05 Vdc 2 - - 1 - - 14 - — 7

VoL 2 2 - 10} - 10| - 1.0 | Vdc - 2 - 1 - - - 14 - 7
Output Leakage Current | IcEx 2 - 5 | - 5 | - 75 | uAdc - - 1 - - 2 14 - - 7
Forward Current Ig 1 - 1-1.20| - ]-1.12| - |-1.12| mAdc -~ — ~ — 1 — 14 - — 7

_Power Drain Current lccL 14 - - 15.0] - - mAdc - - - - — - - - 14 1,35,7,9.11,13

~ (Total Device) Toon 13 - — 28 = [ = | mAde - - - [ - | - - 14 - - 7
Switching Times Pulse In| Pulse Out

-2+ 2 - - - | 300 - - ns 1 2 - - - - 14 - - 7

11+2- 2 - - - 200 - = ns 1 2 - - - — 14 - - 7

Pins not listed are left open

NOTE: All Tests must be performed with a 1IN2369 input diode or equivalent.

6890W

o e



HEX INVERTER
(Active Pullup)

MC690 ST ssue -

The MC690 is a high threshold hex' inverter and utilizes an active puli-up
to minimize output impedance. This circuit is useful in high noise environ-
ment applications. The input diode has been left off the circuit so it may be
expanded to any number of inputs. ’ :

1
CIRCUIT SCHEMATIC D 2
{1/6 OF CIRCUIT SHOWN)
' , 3—-{ SO—4a
Vee : - - l>:
|GI . : ! s s
o : 9—Do—,a
8k 12k 2k - '
S n—Do—w
’
13——{ >SO—12

Positive Logic: 2 =7
input Loading Factor = 1
Qutput Losding Factor = 10
Propagation Delay Time = 150 ns t
Typical Total Power Dissipation with
Vec® 1S5 v ‘
Inputs High = 173 mw
inputs Low = 55 mw

17 Vde

'a

75V
_ PULSE . ‘
GENERATOR Gna

. E ) tpa- taa+

, . 1 o ™ ‘ 715V

5 10 ] - = out

PW=10us ‘?’I "I *I “."“I Gnd
t =500 kHz e _ . = . g . : .

N =24k ohms for tog- tOst.

@ . o 24k ohms for tpg, test. . '



wo.

O iITY DU TWIRIMN. LIS W N Q3 P00

)

XINIOHWHd © ZI602 XO8

YNOZINY

TOUJ SPONPOd 4O0RDNPUODILIDS VITIOHOLOWNW

ONI YII0HOLONW 40 AMYIQISENS Vv o 9COCE

E JICAL CHARACTERISTICS 1 —-DO—— 2 (9 0]
Test procedures are shown for only one ITI
inverter. The other inverters are tested in 3 —{>o—4 m
the same manner. '='"
5 -—-{>o— 6 8
9 -—{>o— 8 0
< TEST CURRENT/VOLTAGE VALUES (All Temperatures)
n ——{>°— 10 mA Voits
13 __Do__ 12 oL 1]loL 2 I0H Vi | Vin | VE | VR |Vee | Vecr | Vecw
10.0] 20.0 0.10 7.00] 850|050} 16.0] 20.0 120 25.0
. MC690 Test Limits ’
Pin TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30°C +26°C +75°C
Characteristic Symbol | Test Min | Max |Min [ Max [Min | Max | Unit | 1o 1|10 2 toH Vi JVin | VF | VR [Vec { Vecr | VecH Gnd
Output Voltage VoL 1 2 - 0.5 - 05 - 0.5 Vdc 2 - - - 1 - - - 14 - 7
VoL 2 2 -f10]-]10]-1]10 | vde - 2 - - 1 - 14 - 7
VOH 1 2 - - 10 - - - Vdc - - 2 - 1 - - - 14 - 7
VOH 2 2 - - (18] - - ~ vdc - - 2 —~ 1 - - 14 14 - 7
Short-Circuit Current Isc 2 - |-170]| - 163 ] — |-156 |[mAdc - - - - - — — - — 14 12,7
Forward Current Ig 1 - | -120] - |-1v.12] ~ |-1.92 {mAdc — - - - - 1 - 14 - - 7
Power Drain Current iccL 14 - - - 10} - - mAdc - - - - - - - - - 14 1,35,79.1113
(Total Device) lccH 14 - - - 28 - - mAdc - - - - - - 14 - - 7
Switching Times Puise in Pulse Out
1.2+ 2 . - - 400 - - ns 1 2 - -~ - - 14 - 7
142 2 - - - |20 | - - ns 1 2 - - - 14 7

Pins not listed are left open

NOTE: All Tests must be performed with a 1NR369 input diode or equivalent.

AC NOISE IMMUNITY TEST CIRCUIT AND WAVEFORMS @ 25°C

10 pF

V R = 24 k ohms for high level test

2.4 k ohms for low level test

Vout Ve
'q 417 Vo

16 pF

1 4

1

Low Level ac Noise Immunity

150 ne ~

. 160 ns

High Level ac Nolse lmmtml__w_ .

(VRS




HEX INVERTER/ ’ ‘MHTL MC660 series
TRANSLATOR :

MC691 - . ISSUE ~

The MCB91 is a monolithic' hex inverter/interface element. It ® 51to 18 Volt CMOS Compatibility
consists of six gates for interfacing bereen nominal 5 volt logic ® Wide Vo Range (12 V - 20 V)
tevels (McMOS, MTTL, MDTL) and high logic levels from 12 to ® High Fan Out (10 MHTL)
20 volts. The MC691 is ideal for driving MHTL and McMOS high 'gh Fan Dut
level devices. : ® Wired-OR Capability
® Good ac Noise Immunity
1/6 OF CIRCUIT SHOWN ® Available in Dual-in-Line Ceramic or
Plastic Package
1 —Do—— 2 _
Positive Logic: 2= 1
S 12k 3 ——Do— P :
Input Loading Factor = 0.4
s 6 Output Loading Fector = 10
|> Propagation Delay Time:
* 02 t+_ = 150 ns typ
9 —Do—s t+ =300 ns typ
. - Typical Total Power Dissigation:
1 Inputs High = 500 mWtyp/pkg
11 —{ >0— 10 Input Low = 150 mW typ/pkg
13 —I DO0— 12
07
Gnd
TYPICAL APPLICATION
Veg =50V 12V <Vee<20V 15 v
_ :
McMOS  MC14011 MC691 -
MDTL  MC946 MHTL MC668
MTTL MCS5400 or other High Level Logic
or Equiv.
SWITCHING TIMES. TEST CIRCUIT AND WAVEFORMS
TPin TPoye 17 V
(o] (o]
- | et S w——
’ R ; : Gnd
Puise ~ ' '}-».-—- — .
Saneraror R=24k fort,
- o r - A
! 24 kS for t_, T;‘S" so%
= 100F 7K 16 0F Gnd
P'w = I'O He o -—:. -:-
PRF = 500 kHz = -

Amplitude = 3.0 V

See General Information section for packaging
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
inverter. The other inverters are tested in

the same manner. 1 10

XINIOHD ® 21602 X0OB

Styv

YNO

o 9¢0OCHR

ON! ¥YI0H8010Nn S0 ANVIQISENS V

‘DU SFDONPOUG 40IDNPUODIWIDS VIOHOLOW

et

13 2 TEST CURRENT/VOLTAGE VALUES
mA Volts
toL1{loL2|'oH | ViL | ViH [VR1]| VR2|VcEX | VF | Vee1Veez [VeedVeen
+75°C 100§ 200| -01 108 19 | 40| 200| 200 |05 | 200} 16.0 | 12.0
+25°¢C 100{200|-01 {10 |20 | 40| 200} 200 |05 200/} 16.0 [120] 250
-30°C 100] 200] -0.1 J1.05| 21 200 |05 200] 160120
Pin 2091 Tost Limues TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Urides | -30°C +25°C +75°C : i
Characteristic Symbol | Test [Min | Max | Min | Max | Min | Max] unit] loL1{loL2] lon | ViL | Vi |VR1| VR2|Vcex | VF | Vec1|Vecz|VeeL [VecH |  Gnd
Output Voltage vour | 2 05 05 05| vac] 2 |~ - - 1 R ~ | 1a 7
Vo2 | 2 “ o[ - 1o = [10[Vde[ - 2 . — 1= = [ B I 7
Voui | 2 |00 10.0 100 — | Vdc - 2 1 — | - [ R TN 7
VOH?2 2 18.0 - 18.0 18.0 Vdc 2 1 - - 14 7
Short-Curcuit Current Isc 2 - |-24] - | -23] - [-23]|mAdc - - - - 14 - - 127
Reverse Current IR1 1 B -1 20 2.0 [ uAdc - - - 1 - - 141 - 7
' 1/2 1 - 100f ~ [ 10.0]nAdc - - - - - 1 14 7
Output Leakage Current ICEX 2 — 75 - 75 75 | uAdc] - - - - 2 14 - - - 1,7
Forward Current Ig 1 - |-06| - | -04} -- | -04}mAdc|] - - - - - - 1 14 - — 7
Power Drain Current (Total Device) IccL 14 - 95 - 9.0 " T oomadd - - - - - - - - - - - 14 1.3.5.7.
9,11,13
IccH 14 - 340 310 - 31.0|mAdc - - - - 14 - - 7
Switching Psrameters Pulse In Pulse Out
Turn-On Delay 2o 2 250 - ns 1 - - 14 - - - 7
Turn-Off Delay 1.2+ 2 - - 500 - ns 1 - 14 - E 7

{ Q
h

BT
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QUAD POWER “NAND" GATE

MC693

The MC693 is a quad, two input NAND gate designed primarily
as an output interface/buffer for lamp driving or switching inductive
loads. The open collector. outputs have built-in clamp diodes for
over-voltage suppression.

® Power Supply Voltage 5 Volt < Vee <20 Volts

~® Input Compatibility with Many Popular Families Including

McMOS, MTTL, MDTL and MHTL

® 50t max = 300 mAdc per Gate

L4 VOL_g 1.4 Volts @ loL = 250 mAdc

® Schmitt Trigger Inputs with the Thresholds Set Internally at
ViL=1/5 Vee, Vi = 3/5 Vee

® Maximum Operating Output Voltage = 30 Volts
® Output Clamp Diodes: Vg < 1.5 Volts @ 250 mAdc

® The Plastic Package Has a Built-in Heat Spreader for Greater
Maximum Power Dissipation

® Superb Noise Immunity

° S_mall Variations in Threshold Due to Temperature

® Devices Are Available for Full Temperature )
(=559 C to +1250 C) Operation by Ordering MC693tL

CIRCUIT SCHEMATIC
1/4 OF CIRCUIT SHOWN

Vee
16

ISSUE A

LOGIC DIAGRAM

9
1M
10
12
14
13
15
Vee = Pin 16 B4
Gnd = Pin8
Positive Logic3 =1 @ 2

Input Loading Factor = 0.415

Propagation Delay Time = 400 ns typ
Typical Total Power Dissipatior} = 300 mW typ/pkg

All@ Ve = 15 Volts

25k 10k 2k

200 200

8 Gnd

See General Information section for packaging
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LOGIC DIAGRAM

2 3 ;o
ECTRICAL CHARACTERISTICS
procedgres are shown for only one a
P The other gates are tested in the
same manner.
Pin 8 is grounded for all tests. All Pins are 5
open unless indicated otherwise. ) ' 7
Pin ° ° °
Under Vee -30°C +25°C +75° C
Characteristic Symbol Test Vdc Min Max Min Max Min Max Unit
Input Reverse Current IR uA
(Pin1=15V, Pin 2=Gnd) 1 15 - 2.0 - 2.0 - 2.0
(Pin2=15V,Pin1=Gnd) 2 15 - 2.0 - 2.0 - 2.0
(Pin1=20V,Pin2=Gnd) 1 20 - 5.0 - 50 . - 5.0
(Pin2=20V,Pin1=Gnd) 2 20 - 5.0 - 5.0 - 5.0
Forward Current e . mA -
(Pin1=0.4V) 1 5.0 - -0.25 - -0.2 - -0.2
{(Pin2=0.4V) 2 5.0 - -0.25 - -0.2 - -0.2
(Pin1=04V) 1 10 - -045 | - -04 - -0.35
(Pin2=0.4V) 2 10 - -0.45 - -0.4 - -0.35
(Pin1=15V) 1 15 - -0.55 - -0.5" - -0.45 R
(Pin2=15V) 2 15 - —0.55 - -0.5 - -0.45
Supply Current, inputs High IccH ' S mA
: 16 5.0 - 15 - 12 - 10
16 10 - 23 - 18 - 16
16 15 - 31 - 26 - 23
Supply Current, Inputs Low lceL ' . mA
16 5.0 - 7.0 - 6.0 - 6.0
16 10 - 14 - 12 - 1
16 15 A 21 - 18 - 17
Output Breakdown Voltage Vep : Y,
(Pins 1,2 =Gnd, 1gp (Pin 3) = 3 5.0 30 - 30 - 30 -
100 uA)
(Pins 1, 2, 3 = Gnd, 8D (Pin 4) = 4 5.0 30 - .30 - 30 -
100 pA)
Output Voltage in Low State, VoL \%
{lgL = 250 mA)
(Pins1,2=35V) 3 5.0 - 1.5 - 1.4 - 1.3
(Pins 1,2=7.0V) 3 10 - 1.5 - 1.4 - 1.3
(Pins 1,2=10.5V) 3 15 - 1.5 - 14 - 1.3
Ctamp Diode Forward Voltage Dpy : - \Y
(Pin.4=Gnd,IFD=250mA) 3 - - 1.6 = 1.5 - 15
Switching Times Typ Max ns
ty_3+ 3 15 - - 400 800 - -
1943 3 15 - - 250 500 - -
INPUT THRESHOLD VOLTAGES (All Temperatures)
Vcc Value (Vdc)
Threshold Symbol Vdc Min Typ Max
High-Level Threshold Vin 5.0 - 3.0 3.5
10 - 6.0 6.5
15 - 90 9.5
20 - 12.0 12.5
Low-Level Threshold ViL 5.0 0.75 1.0 .
10 1.5 2.0 -
15 2.5 3.0 -
20 3.5 4.0 -




SWITCHING TIME TEST CIRCUIT and WAVEFORMS

TPin 15 v 30V

7

MC660 16
TPOU(

I e }H T

tr=!f<20ns . — -
PRF = 100 kHz

Dut le = 25% l{ 5
uty Cycle = 25% TPin 50%

GND
t_ —.' r— -l ,
50%
TPout GND
ABSOLUTE MAXIMUM RATINGS (Ta=25°0C)
Rating Symbol Value Unit
Power Supply Voltage — Continuous Vee 20 Vdc
Pulsed, 1.0 s ' 22
Qutput Collector — Voltage Vee 30 Vdc
(Off Condition)
Output Current — Continuous loL 300 mAdc
Pulsed, 1 ms 600
Maximum Operating Frequency f 300 kHz
Input Voltage Vin Vdc
Maximum - +20
Minimum -1.0
Power Dissipation and Thermal Characteristics
Dual-in-Line Ceramic Package
Maximum Junction Temperature T, 175 oc
Maximum Internal Dissipation @ Tp =25°C Po 1000 mwW
“Thermal Resistance, Junction to Air RaJA 0.15 OoC/mw
*Thermal Resistance, Junction to Case Rgic 0.09 oc/mw
Dual-In-Line Plastic Package
Maximum Junction Temperature T, 150 oc
Maximum Internal Dissipation @ Ty = 25° C Po 1.8 W
*Thermal Resistance, Junction to Air RgeJA 0.07 oc/mw
*Thermal Resistance, Junction to Case RgJC 0.15 oC/mw
tOperating Temperature Range L, P Suffix Ta —~301t0 +75 °c
tL Suffix —55 to +125
Storage Temperature Range (All) Tetg —55 to +125 . oc

*Note: Thermal Resistance values are specified with the device mounted in a socket in still air.

tNote: Consideration must be given to electrical conditions in conjunction with the power dissipation
derating curves of Figure 6.
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TYPICAL CHARACTERISTICS

FIGURE 1 — INPUT FORWARD CURRENT versus
'~ POWER SUPPLY VOLTAGE
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FIGURE 3 — COLLECTOR CURRENT versus
OUTPUT VOLTAGE
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FIGURE 2 — POWER SUPPLY CURRENT versus
POWER SUPPLY VOLTAGE
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FIGURE 7 — TYPICAL VARIATION IN THRESHOLD VOLTAGE versus
TEMPERATURE, NORMALIZED TO 25°C

ViL@Veg =5V, 10V \ 1.04
A 1.03
ViL@Vep = 15V, 20V N Lo
ViH@®Vee = 5V, 10V - Y L '
VIH@Vge = 15V, 20V S 1.01
1.00 : » —+- 1.00
. ‘q\ -
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0.96 AN
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APPLICATION INFORMATION

The MC693 is designed primarily for use as an output
interface with. its high current, open collector outputs. An
internal clamp diode is available for suppressing over
voltages due to inductive loads.

Sink Configuration

Common loads are: Lamps Vx <30V
Relays IL <250 mA
Common Cathode LEDs VL <285V
PNP Power Transistors . R¢ is a current limiting resistor to be used
DC Motors : v, when required. Its value is determined by:
Vy -V -V
50V <Vce <20V r———-——? 'Rc=—)$
Load
16 : Vi e where V4 may be the maximum value of
l 4 4 - 1.4 V or may be a typical v}oltage selected
-1 . 2 AAA ] from Figure 3.
- 5~ 3 R,
MC693
* McMOS MC14Q011
MTTL MC?7400 V=28V
MDTL MC846
MHTL MC668
or Equiv.
} " Example: Stepper Switch/Stepper Motor Driver JuUL

2 Input Pulse

MC14011 MC693
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DUAL INTERFACE ELEMENT,
LINE DRIVER/RECEIVER

MC696 ._ 1SSUEE

BLOCK DIAGRAM The MC696 dual Line Driver/Receiver/Repeater is designed for
(1/2 Device Shown) inqustrial logic applications requiring high immunity to electrical
noise. Because of its high input impedance (= 20 k Q), the
MCB396 is suitable for interfacing between logic famities (MECL to
MTTL, McMOS to MTTL). Other attributes of the MC696 include:

Vief
4 (12)
(11)s
® Low output impedance (= 20 2 in LOW state).

(10) 6 e Differential inputs and outputs.

7(9)
1(15)

e Internal bias, reference, and hysteresis sources.

®© Useful for single-wire input/output applications
(14)2
Gnd =Pin8 e McMOS compatibility
133 - Vec = Fin 16 e Capability for operation over a wide range of power
Numbers in parenthesis denotes pin numbers for supply voltage (10 V < Ve <25 V)
other hatf of device

1/2 of CIRCUIT SHOWN

(10) ) (14) (12)
6 16 2 a4 .

? : Vee ? Q Vret

1.5k 15270210« 30k 16k €15k ° 30k 7.0 1.0k 7.0k 15k S1.5k

A
A
x

N\
7

) $5,0k
<

(15)
{ 1
A
%10\(
>

1.0k 5.0k

(9)

0O~

3
(11) (13)

See General Information Section for pack aging.
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for one half
of the device. The other half of the
device is tested in the same manner

TEST CURRENT/VOLTAGE VALUES (All Temperatures)
mAdc uAdc VOLTS
1oL1] lorz]'ora]lon2]ton | Vet | ViL] ViLi|Viea|Vies | Vin [ Vi1 [ViH2 [Ving veex |Vec | Veer|Veca|VeeVeecH
120] 150] 200] -t0] -30] 0.0 | 15] 40| 65 [ 105|250 60| 85 | 145] 250 | 150] 140 160] 100] 250
Pin MC696 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW: .
Under -30°C +25°C +75°C : : See
Characteristic Symbo! Test Min | Max | Min | Max | Min | Max [Unit [1o01]'0oL2]'0L3|'oH2] foH | Yret vic [ vicr [ Vicz [ vies [ ik | Vil [ViH2 [ViK3 veex |Vec [Veci]VeczjVecyVeen Note Gnd
Output Voltage VOoH1 1 85 | - 85 - |85 - |wvde]| - - - - 1 - - 2 - = - . — R - - - - 16 | - 46 8
- 7 85| - | 85| - 185] - fvde| - - - - 7 - = 6 ~ - - - - - - - - - el - 24 8
[ 1 125 - |12s| - |125] - voe]| - -l - - v | - -1 -1 271 - R D S - -l e | - - - 46 8
7 125 - |12s]| - |i125] - | vde - - - 7 - - - 6 - - - - - - - | w | - - - 2,4 8
VOH3 1 230| - [230| - |230| - | Vvde} - - - -~ 1 - - - 2 - - - - - - - 16 46 8
7 230} - t230}] - |230| - | vdc] - - - - 7 - - - - 6 - - - - - - - - 16 24 8
VoH4 1 220 - ]220] - |220f - | Vdc} - - - 1 — _ ~ E 2 - - - - - - - - - 1ae 46 8
7 20f - | 220 - |220] - | vde| -~ - - 7 - - - - - 6 - - - - - - - - - | 16 24 8
' VoLt 1 T tThs| = Vs - [ws]vae| o[ -] - - A -1 -1 -1 =-1-1-1=21-1-1-1- 1 - twe]| - 46 8
7 -~ 15| ~ | 1s) - f15fvde| 7 = - - - B - - ~ - - 6 - - - - - - 16 | — 24 8
Voi? 1 sl - [ - 15]vde] - 1 - - - - - - - -~ - - 2 - - 6] - - - a6 8
7 - las| - s - | 15 vde| - 7 - - - - - - - - - - 6 - 16 | - - - 24 8
VoL3 1 - 15 - 5] - 15| vde | - - 1 - -1 - - - - - - - 2 - - - - - 16 46 8
7 15| - | 1s] - { v5]vde| - - 7 - - - ~ B - - - - - 6 - - — - - | 16 2.4 8
Reference Voltage|  Vyppy a 40| 60| 40| 60| 40 | 60 | Vdc - - - - - 4 - - - - - - - - - - - - 16 - 24 8
Viet2 4 65| 85| 65| 85| 65| 85| Vdc | - - - - - 4 - - - - - - - - - 16 - - - - 2.4 8
Viet3 4 110] 140 11.0| 140]| 11.0] 140} vdc | - - - - - 4 - - - - - - - - - - - -~ T 24 8
Forward Current "R 2 - 10.0 - 10.0 - 15.0 | uAdc - - - — - - — - - 2 R . - — - - - - 16 - 8
6 - | w00} - }100] - | 150juAde| - - - - - -~ - - - - 6 - - - - - . - — | s - 8
TR 2 - i-04s] - |-040] - |-0.40|mAdc] - - B — B - - 2 - B - . - = - - - [w | - 46 8
6 - |-045] - |-040| -- [-0.40|mAdd] — - = - - | - - 6 - - - - - - - - - - 6| - 24 8
L2 2 B -t - - {madd - - . - — - 2 - - - - - . - - - - - - 16 46 8
| 6 - - |-r0] - - |madd - | - - - - - 6 - - - - - - - - - - | - - |16 24 8
Qutput Leakage 1CE X 1 - 00| - 100 | - [ 100 [uAde} - - N 1 - = = _ — B - . — 1 . — — 1 16 46 28
Current 7 - wo| - | 100| — [100{uAdcf - - - - - - - — - - - - . _ 7 - - - . 16 2.4 6.8
Short-Circuit sc1 1 -391-100| -39|-10.0f -3.9 |-10.0|mAdc| - - - - - - - - - - _ - - _ - _ _ 16 ~ a6 1.2.8
Current U -39 (-10.0] -3.9|-10.0| -3.9|-10.0|mAdc| - - - - - - - - - - - - - - - - 16 - 2.4 6.7.8
Isc2 |, 1! -6.5|-16.0} -6.5]-16.0{ -6.5 | -16.0| mAdc| -- - - - - - - . - . — - - - - i - 16 = - 46 128
U -6.5|-16.0| -6.5]-16.0| -6.5 | -16.0] mAdc| - - - - - —- - - - - - - - - - - 16 - —- 2.4 6.7.8
Isc3 1 -12.5(-25.0{-125]|-25.0(-12.5] -25.0| mAdc| - = - - _ N B N ~ ” N T — - ~ - = | te a6 128
/ -12.5/-25.0{ -12.5[ -25.0| -12.5] -25.0| mAdc| - - - - - - ~ - » - ~ . - - - - - - _ e 24 6.7.8
Power Drain fcou 16 . - - 12 - - |mAdc| - - - - - - - - - - - - N = - 6. - - ~ 2.6.8.10,14
Current ‘ccL? 16 - - . 15 - ~ | mAde] - - - - - - - - - - - - - - - - | = - 16 = 26.8.10,14
Total Device ICCHY 6 - B | - T [mAdd - | - S RS G R R N S R - — 11 —1 16 | = | = [ 221214 3
. ICCH2 16 . - 30 - - tmadd - R - - . - - ~ - - - - - . - - - - 16 | 24,1214 8
Pulse |Pulse
Switching Time In | Out .
t1241- ' 1 500 - - ns 2 1 - - - - - - - - - - 16 . - . . a6 8
AP AT t - 10 - - us 2 1 - - - - - - - - - - - - 16 - - - a6 8
161 7 7 - | s00| - ns 6 7 - - - - . - - - - - - - - 16 . . - - 2.4 8
'6-7+ 7 10| - - us ) 6 7 - - - - - - - - - - - 16 ; - - 24 8

*Note: Pin numbers listed should be tied together before performing test.
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Notes to parameters and limits:

1) Common mode feiection ratio: Typical rejection ratio for
the MC696 in the common mode (see application note) is 75 dB.

2) Common mode range: Typical common mode range for the
MC696 is from 1.5 volits to 1.5 volts less than the Ve voltace.

APPLICATION INFORMATION

HYSTERESIS MODES OF THE MC696 FIGURE 2 — TYPICAL HYSTERESIS VOLTAGE (V, L Vin)

The MCB96 has very flexible hysteresis capability, enabling the versus FEEDBACK RESISTANCE (Ry).
- designer to adjust the switching thresholds {and thus the noise

immunity) of the device to suit his needs. The hysteresis thresholds 12 | f 0
(V1L ViH) and widths (V) for various feedback resistor values L vVee=15V —90
of the test circuit shown in Figure 1 are plotted in Figure 2. The [ \
power supply is set at 15 V, so that with the inverting input S 0 N 8.0
“tied to the internal reference voltage of the circuit (approxi- - 90 N YIH 7.0
mately 1/2 Vcc), the high-level and low-level switching points of § r -\ \\<
8.0 — T — 6.0
g \ :
FIGURE 1 — HYSTERESIS CIRCUIT 5170 50
= \
2 60 e X 4.0
S \ L~ ) N\
.50 a4 ViL 3.0
=5 / < .
> 40 T~ 20
Vour > 30 VHW = =r=—'0
u >
0 l 0
Vow 0 50 10 15 20 25 30 35 40 45 50
RH. FEEDBACK RESISTANCE (KILOHMS)
VoL )
T the device are centered about the 7.0 volt level.
VieViw 4 Note that both switching points change symetrically about that
(Internal Reference Voltage) reference level until the feedback resistor is decreased below 5.0 k
ohm, giving a very wide range of widths. The variation of hysteresis
width with changes in the power supply voltage is quite linear over
the operating range as shown in Figure 3; the internal 7.0 k resistor
is used in that test for the hysteresis feedback.

VHw. HYSTERESIS VOLTAGE (VOLTS)
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FIGURE 3 ~ HYSTERESIS WIDTH versus POWER SUPPLY FIGURE 6 — FEEDBACK RESISTANCE versus
VOLTAGE (Using Internal 7.0 k 2 Resistor) HYSTERESIS WIDTHS
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NECESSARY R1/R2 FOR CENTERING HYSTERESIS

The hysteresis center-point level can be changed by varying the : ,
reference voltage level as shown in Figure 4, giving complete control \ :
. \ 5
) Y
FIGURE 4 — HYSTERESIS CIRCUIT WITH VARIABLE R 10 20 3.04

HYSTERESIS LEVEL VHW, HYSTERESIS WIOTH (VOLTS)

that the levels must remain within the common-mode range (CMR)
of the device (1.5 V above ground to 1.5 V less than Vee) i a
reference voltage level is not available or is inconvenient, the hys-
teresis may be varied in width and centered by using two external
resistors as shown in Figure 5. Figures 6, 7, 8 are plots giving

7 FIGURE 7 — FEEDBACK RESISTANCEé versus
Vin —O HYSTERESIS WIDTHS
Vout 14
T T T TTTITT1] |
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FIGURE 5 — HYSTERESIS CIRCUIT — CENTERING VHw

10 20 30 40 50 60 10 80
WITHOUT EXTERNAL REFERENCE VOLTAGE V|

VHw, HYSTERESIS WIDTH (VOLTS)

R2 4 R1
MV O A4

typical values for R1, R1/R2, and width VHw versus Vee of
10V, 15V, and 25 V when the hysteresis is approximately centered.
If exact centering of the hysteresis is desired best results are gener-
ally obtained by empirically choosing values of R1 and R2 for the
V¢ voltage used.

1/2MC696 MCC696 Slow-Down Receiver

The MC696 can be used as a single-ended slow-down receiver

as shown in Figure 9. By connecting a capacitor to the internal
1.0 k resistor, the device can be made insensitive to pulses with

L widths shorter than a predetermined value. The graph in Figure 10
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NECESSARY R1/R2 FOR CENTERING HYSTERESIS

FIGURE 8 — V. HYSTERESIS WIDTH (VOLTS)
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FIGURE 9 — MC696 AS SINGLE-ENDED
SLOW-DOWN RECEIVER
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FIGURE 10 — MINIMUM PULSE WIDTH versus
SLOW-DOWN CAPACITANCE
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shows the minimum input signal pulse width necessary to trigger
the circuit versus capacitance.

In order to avoid oscillations that might occur as a result of the
slowly changing input voltage, hysteresis must be added to the
circuit using the internal 7.0 k resistor, or a suitable value of
resistance externally.

MC696 as Line Driver/Receiver/Repeater

One of the best applications of the MC696 is, of course, as a
line driver/receiver/repeater, and because of its low frequency oper-
ation { < 500 kHz), many of the complicated effects associated
with line driving and receiving can be ignored and calculations
become straightforward. :

In Figure 11, one device is used as a twisted-pair line driver
and another as a line receiver. The balanced series resistance, Rs.

FIGURE 11 — USING MC696 AS DIFFERENTIAL
LINE DRIVER/RECEIVER

(Internal 7.5 k for Hysteresis)

adds some series damping and limits the current through the line
at higher power supply levels while setting the voltage levels at the
input of the receiver for maximum common-mode noise rejection
(i.e., bias the input differential voltage in the middle of the common-
mode range). Rg merely terminates'the line in its characteristic
impedance { = 100 ohm for 30 turns/ft, AWG 24-28: twisted-pair)
s0 that capacitive effects on the line may effectively be ignored.

The worst-case limits of the series resistor can be calculated
roughly by looking at the dc equivalent circuit shown in Figure 12.
The three major constraints are

1) Vdiff. < Vgitf. min=50 mVv

(For safety margin use Vgiff. = 150 mV)
2) 1 <Igc max.

3) Receiver input common-mode voltage centered in common-
mode range (1.5 V<CMR < Ve -1.5 V)

For Vcc = 16 V, these constraints require Rg to be about 5.0 k.

FIGURE 12 - DC EQUIV. CIRCUIT

Vce
1.5k
on I

—

Rs Riine
A4 Aty -

Ro 2 Vaiff
Rg Riine |
On




MC696

If necessary, hysteresis can be added to the receiver to improve

itching characteristics, and for upgrading the signal along ex-

emely long lines, the MC6E96 can be used in a repeater configu-
ration as shown in Figure 13.

FIGURE 13 — USING MC696 AS LINE REPEATERS

< <
< <
P

FIGURE 14 — USING MC696 AS SINGLE-ENDED
LINE DRIVER/RECEIVER

[

1/2
MC696

Vief

The MC696 can also be used as a single-ended line driver/
receiver, as shown in Figure 14, with some sacrifice in noise im-
munity. With both the transmitter and receiver reference voltage
set at the internal reference (1/2 V), the noise immunity of the
circuit is that of a typical. MHTL gate (see application note
AN:298 “Noise Immunity with High Threshold Logic’’). By using
the hysteresis and capacitor slow-down configurations discussed

_ previously, improved immunity can be realized.

The following graphs portray typical MC696 electricai char-
acteristics at +25°C.
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i, FORWARD CURRENT {(mA)

IcCL, POWER DRAIN CURRENT (mA)
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HEX INVERTER

(Passive Puilup)

MC697

1/6 OF CIRCUIT SHOWN

GND

ELECTRICAL CHARACTERISTICS

Test procedures are shown for oniy one
The other inverters are tested in
the same manner.

inverter.

ISSUE A

The MC697 consists of six high threshold inverter
gates with passive pull-up outputs.

Positive Logic: 2= 1

Output Loading Factor = 10
8 Propagation Delay Time = 125 ns typ
Typical Total Power Dissipation:
Inputs High = 246 mW
tnput Low = 96 mw

5 —-Do— 6
Input Loading Factor = 1

" TEST CURRENT * VOLTAGE VALUES (All Temperatures)

mA Volts

oL IOH vll VIN VF vl VCEXILVCC VCCL VCCH

12.0 -0.03 [ 6.30[8.5011.5[16.0] 16.0 il:’)AO 1.0 { 1u 0

Pin MC697 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED SELOW:
Under —30°C +25°C +75°C
Characteristic Symbol | Test | Min | Max | Min | Max | Min | Max | Unit lo low Vie | Vi i Ve i Vo i Veex | Vee | Veer | Veen Gnd
Output Voltase RN 2 - 1.5 - 1.5 - 1.3 | vde 2 - - 1 - - - - 14 - :
oL 1
Vou 2 12,5 - 12.3 12,5 Vde - 2 1 - - - - - 15 - H
Short-Circurt Current \ KSC 2 0.5 -L5 [ -0.6 L3 0.6 1.5 | mAade - - - - - : 14 127
Reverse Current ' IR 1 - 2.0 - 2.0 - 2.0 sAde - - - - 1 b - 14 T
| .
Output L cakase [N P 2 - - - 100 - 100 ¢ .Ade| - - - - - -2 - 1.7
Current CEX
Forward Current IF 1 - -1.20 - -1.20 - -1.20 | mAde - - - - 1 - Cols i
Power Drian Corrent | L 14 - - - ol - - lmade| - - - - - - B R IWE!
(Tutal Device) ceL
I.. 14 - - - 30 - - mAde - - - - - - - - - 11 B
CCH
Pulse | Pulse l
Switching Times In 001 I
Yoo 2 - - - 250 - - ns 1 2 - - - - - 13 - D
t 2 - - - 100 - - ns 1 2 B - - - - 14 -
1-2- ;
Pins not listed are teft open.
SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
) TPin TPOut
90% - f Q Vee
50% T 85V T TPin 50%
10% ' MC660 1.5k
GNO GND
O— t1-2+ te2-
- t, <20 ns —= iothZOns
TPout 50%

f=500kHz

DUTY CYCLE =50%

See General Information section for packaging.

100 pF ‘I“ GND
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“9¢ TELEDYNE
SEMICONDUCTOR

features

@ 40 mA OUTPUT SINK CAPABILITY

® SLANKING CAPABILITY PROVIDED

® LAMP TEST INPUT

© PN ANO FUNCTION EQUIVALENT OF TTL 7447A

Genarel Description

Thes dewice 13 characterized by seven open<oilector outputs
Corresponding to the segments in LED disolay units such as the
Monsanto Men-1. A 4-bit binary code aoplied 1o the data nputs
Couses the outputs 10 tum on in the conventional 7 tegiment
oode .

A blanking input 15 provided that turns all of the outputs oft
whenever it i3 low (regardiess of the state of any other inputs)
Alo provided 15 4 lamp test 1npUL that can be operated when-
over the blanking input 13 Nigh. A logical zero on the lamg test

“6C Quvs9

TSC383
Decoder/Driver
° BC-to-Swon-Sogment

T-5/-17)

nout wall turn ol seven outputs on. A nople-olenk ing 1Input 3
Orovided that has no effect except when each of the four data
'NOUTS are at logic zev0. Then 1! the rople-blanking input 13 at
1810, when (and only when) the four data inouts sre at tero,
all seven outputs wnil be st logic one (display off). if the
rippie-bisnking nput 1 at 1ogec one (and the four dets mputs
¢ ot 290}, ol outputs except OG will be at rero (“Q" dis.
oleved). if any of the dats inputs are a1 logec one. the rigple-
bisnking input will heve no effect.

One pn brought out from the internal iogic of the device can
be used as either an Input or an output. If the bienking input/
11Ppie Dlenk ing Output i3 tied oW (tresting the pin as an mout),
3l srven outputs wiil be at logic one. If the amo test input 1
8t 0ne and the ripple-dlenking input and the four dats nputs
879 at rero, the ripple-blank:ng output wiil be at rero snd the
1even other outputs will be high.

Equivalent Circuits

TYPICAL INPUT

Ve

TYPICAL OUTPUT
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SEGMENT IDENTIFICATION

®cee- - 0a--.-a
cee- e ..o
- -

cee - -0l q

o.nl.\u.c|-nwuu~i‘W

JUL

See Electrical

Characteristics

2UL

ﬁim&mkmg _lnw( 1 UL

Lamp Test

Banking Input

Rippie- Blanking
Output

BEST copy

OUTPUT CURRENT V8. OUTPUT VOL TAGE
Low




Typical Applications

H9ly33o TELEOYNE SeMICUNDUCTUR

11ns Device 13 characterized by sevin npen collector outputs
corresbonding 1o the segments «n LED aisplay units such as
tne Monsanto Man 1 A 4 bt ninary code sophed to the 1ate
"MOUTS Causes the outputs to turn AN in the convention ol ! seq
ment code ’

CURRENT LIMITING RESISTORS

LED drsplays require that the current theaugh them e tmated
Dy series resistors The maximum current fow may be deter
mined by either the LED aisplay or the 383. Since the 383 i3
soecified for 20 MA max. continuous duty (40 mA max. 50%
duty cycle), displays that require tmeir current to be held to 20
MA or less should have their resistor values caiculated on the
Dasis of the max aidtay current. Displays that must be hmited
to currents greater than 20 mA should have their resistor values
calculated on the besis of the 20 MA max current of the 383
(strobed apolications will be consgereq separatety )

Semole caiculaton Monsanto MAN-1 nas 3 20 mA max
forward current and a4 voitage ron per segment of 34V typ

Vg - -3.4v -07
RLim « YEC “VE -VQL . 130V -34v -07V

K3 20 mA

BEST COPY

kxt{:x

<
>

L Laeel) 9]

STROBING UPt KA 1 1UN

One 000ular technique Inr increasing the apoarent brightness
of Misplays 15 10 puite the Aiwlays with high currents and
“average down' the power disupation by lowering the duty
cvcle sccordingly  The display manufactursrs should be con-
witedd 45 10 the max current vs. duty cycle that should be used
wrth thewr ynits, The 383 should not be used with 4 dnpley
current of more than 40 mA NO MATTER WHAT THE DUTY
CYCLE! Failure to observe this precaution can Cause permar
nent damage to the dewice In addition, the 40 mA hgure
should N0t be used unless the duty cycie ¢ SO% or less. Limit.
Ng revistor values should be calculated on fhe daus of the

strobed current P
1-57:17

Sample Caiculation - Assume the MAN-T duplay s 1o be run
at tne Max current sllowed by the 383 - 40 mA @ 50% duty
CycCle

Aum YCC - VF - VoL |, 13.0v -36V -1.2v . 20802
I STROBE 40 mA

Tre strobing operation iseit ¢ accomplished Dy use of the
Blanking 1nput (Figure 2)

A tuggested circuit for an ntensity Modulator 8 shown
in Figure 3.

Tris 000HCAtaN J0mansiretes the .08 0f the 38) 10 O¢i e Wwen sagment
13018Ys such ot 1he Men- ) Sence each Outautl Of the JBI wil mma
20 ™A 1he d1DieY CON DO 7 VN A¥ BCTIY WITROVT 0437 B¢ CONBSNInTY
OIMEr than current Lmuting ‘omMOrL Alee .(heotreteo s ™o 370 qued
‘01N #nd 371 Jecsde cOunter Deng LEd TO SCAUNE ST WOTE the
Aumber 10 be diw ey ed

Frgurs ). Intonarty Modvioses Cirourt — Owegut @uty rvele sares
from O - YOUR daganding on savigh witng.
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Typical Applications (contd.)
RIPPLE BLANKING

Provison nas been made on the 383 for bisnking out insignit-
Cant zeroes to increase legibelity. Thus 007.50800 would be
asoleyved at 7.506 if the r'ople-bianking provisions were used.
It the RBI pin 13 tied low, the display will be bisnked every time
8 BCD rero 1 a0plied 1o the data inputy. This s normally done
for the first and last digits of a -display. In the previous ex-
#moie, 007.50800 would be displayed at 07.5080. the first and
last digits being blanked since they are rero

RIAGER Y & 4 0

75117

This scheme cannot be sppiied directly to all of the digt
$ince it would cause 007.50800 to be dimoleyed at 7.5_8. Thy
problem 15 eliminated by the RBO output pin which delivers 3
10gic rero whenever 2 BCO 1er0 is on the dats inpuns. By
feeding this information to the RBI nputs of the next 36,
blanking will be accomplished only on nontignificant rerces.
The RBO pin must be used with an 8.2x discrete puiup
reustor. .

A No penking sction

I
o

v e e s 0 00

8 Fratand leet igm Dienked {when t&O0) DY tying s A@I Ding

ow

C. Lasgiing ane treiting sage Diont ing. cOmMBInGd wrth interuty MOGUIetOn NOTce the 3331 oDy Duiue reeetor to the RBQO

PiNe, Gliminating the Aesd fer Glatrete ressstors.

7

LI LRI ] ey

|0
LI ')

O Leswing ong TEsling SlgD Bient ing veed. In thiy POTUCUINr CONTIGration 1he dvgts sdiacont 10 the GBCIMel 9Ot Wil we

Gnpioved oven H 2ere Thum 1o Woustly convdored deer 2040,

- BEST COPY
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C 7-93-/3
Bipolar Interface Logic

‘Electrical Summary Data

Type C*
Pecarmeter Oefinition (Vee = 12V 1Y) Tost Conditions
) WC- T, < -08C
Vee Supply Voitage : 13V max Voitage for other tests — see detow
12V nomingt
11V min .
Vi Input Thresnoid Voitage Low $ 0V min Guaranteed 1nput Iow thresholg tor
\ aH 1nputs except 311 T) «
) 48V min @ 18V
Vinee Inout Threshoid Voitage High 85V max Guarantesd 1nout high threshoid for
. 81 1nputs excet 311 SaR nputs =
70V max
how Input Current. Low. ' Unit Load UL 21 mA man AL VCC Man with Ve = Vo
L) Input Leakage Current. 1 Unit '
Losd UL 10 uA max At Vee = max with Ve = Vee max
iwax 382 Outout Fgh Breakdown Current
Ooen Caltector Devices 2 mA max Vcex = -88V
vou Outout Low Voitage see Loading o = FO = UL 8t Ve min math
Tabie 0n Data Sheet 1SV max Ving = SOV and Vws = 6 SV
Yoo 02 Outout Low Voltage 4V max fow = 16 mA 10 TTL UL
kPS5 Open Collector Devices 4V max oL =864 mAa 4 TTL UL
332 4V max o =864 mA 4 TTL UL
34 4V max oL =84 mA & TTL WL
180 12V max oL * 30 mA
J82 25V max oL = 7 maA }
383 7V max oL = 20 mA 100% Duty Cycie Q
83 12V mex 0L * 40 mA 50% Outy Cycle
Vom Output Hgh Voitage of sl Devices AL VCC Min. Vi = SOV Vs = 8 SV, @
Without Open Collector Except tom = FO 2 UL @
362 ana 308 100V mun
Vuaz 302 323 Outout Hegh Brest down Vortage 130V min Iwax * 4 mA 5%
332 334 Ogen Collector Devices 20 0V min lwax = 4 mA
0 24 OV mun imaz 2 05 mA @
30 150V min Max 205 mA m
390-388 30 OV mun
VYOrm, Ovtout High Vortage. Loeded of Al Vcc nominal. Ve, = $ OV m
Active Puliup Dewces Except Vi = 85V 10w = -5 mA except
362 ang 08 70V min (1S mMA 10 301 and - 12 mA tor 380 381
Icax 302.323.307 Output *gh Leskage Current 25 uA max Ycer * Veo mas !
3132334 Open Cottector Devices 25uA max Vcer = Voo man
300.391 : 25 uA max Vegx * Ve mas
382 50 A max Veer * 88V
» 25 uA maz VcEx * Voo mex
300- 398 100 wA max Veer * 3OV
T NI 2010 Stase Nose immunity ISV muin Gueranteed 1ero staw nose
IMMurity acroes temp range and
Vee 'Y Vag — Voo
TN One State Noise Immumty ISV mun Guersnteed one siate nowes immunity
. CTOSs 1Mo renge end Veg T 1Y
VOou — VYame

NOWe f O 14 lenowt » unvt loade L wmmnymmmwxmmn‘wmmm Amw!«n‘nmm
LOPC 4 S0hneg Oy Mo $00ve APt spcI¢ sbone

300 AT EuD G0 OIN 10V s6EHOn S 208CH shane

‘Vhirtary apec Troe B Vic - 2V end Type M ve: i3y e ove.iadie 10 mewt 38°C 1o
COTRMc pEChage Oy 308 Ordering dete

: : TELEDYNE SEMICONDUCTOR
2457 02 -8 >

1297 C empereture requremens Aupistis
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7373

Electrical Summary Data (Continued)

Absolute Maximum Ratings L Postage, Caramic J Pestage, Pacy

Storage Temperature 48°C 10 +180°C -38°C w0 +%00°C
Lead Temperature 1/16 inch from case. 10 sec max 00°C 0°C
Conttnuous Supply Yoitage
Type C*. B° «180v 180V
Type A° M* ~18 8V 3L ¥ 3%
Pulesd Supply Yorage ises then 100 msec -18.0v -18.0v
IOVt YoRage -enry 1nput
Type C°. 8° 08t0 +18v Q08w «18v
Type A°. M* 0310 -0V 08 -0V

Surge Sink Current less than 100 maec st 28°C Ta
Swndard Outouts 20mA
301. 302 ana 303 : 100mA
308, 307. 332 through 338, 360, 351, 380. 381 383 WmA
320-208 . -

368 180mA

Expander Input Currents 05to +05SmA

Now € 9 the
e CONGIBONE QuUATENSed 18 NOt impked

FENNGS MAY COUE DIrNEnent 3aMege Funclion of FINIL GEVCE8 81 1he SDSO! U ML rShngs Of DOYONd

BEST COPY

24358 4-03
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Bipolar Interface Logic

input Current Requirements

o @ Ve = 12V o @ Ve = 1SV .
Device and oand loae @ Yoo = 12 or 18V,

Vo = 1.8V (mA) Vo = 1.5V (mA) Vame 7~ Ve (MA)

- —_—_——

21 . » 10
21 10
21 10
0
10
10
10-20
10-20
10-20
10
'0
10
10
0
A
10°
0
0
0
0
0

«6l Je382 0

7TY3/3

~

1
1
1.
1.
y.
2
2
2
2
2
2
2
2
2
2
2
2

10-20
10-20
0
10
10
e
0
0
10-30
0
10
0
0
0
10
10
. Noses
1 "Mu"mdfw.ohmuonoma !mwcwvmlnmnmutmrmdvm'atr-vumcm
Check e nGmaus! dsta Sheets 10 3ot Mine what the INPUT CUTENt rEQuirements &re '0r BaCh MpuL
2 Aww-m«umovw-zv:uw lK.YQV'2MANICM|M“O.ANII'ZOU"V
3 Cuosw-nﬂu|9chumwmvmmcum-omvo‘vmnqonncuosan-acoanotww
GrVe SROUGh BNk Current YMQWNWQW”.‘"‘O‘M“M"‘\Nﬂb-'mﬂ‘.svdmdoﬂnd
COmmon weh TTL perts Yh-munmINCMOSMM-mum.vwnt-vmvuwwmwmlachmYYt
systoms
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Bipolar Interface Logic 727343

vOMShkamnOMVM

Device Device
Number Vo (V) o, (mA) Number Vo, (V) 1o (mA)

15 42 350 1.5 16
4 42 18 16
4 Y] 3ss 20 75
4 42 4 10

381
1.5 18 82 4 10
383 '

4 10 . 30
1.5 12 367 . 10
1.5 10 368 . 10
15 10 . 10
15 10

10
10
10
10
10
10
10
10
10
10
10
10

-
o

gREBBFPBsB8asz33

10
10

-
~N

BEST COPY




39183360 TELEUYNE SEMICUINULUCTUR
Digital Logic — 300 Series

«6C 04077 D ()
Ordering information

PACKAGED DEVICES

TSC XXX X X

1. TELEDYNE SEMICONDUCTOR DEVICE

2 DEVICE NUMBER

TT T

3 ELECTRICAL GRADE 'AND TEMPERATURE RANGE

A — Industrial Tempersture Range, 15 V, (—-30 to +70°C)
8 — Military Tempersture Rangs. 12 V, (—55 to +125°C)
C - Industrisl Temperature Rangs, 12 V, (—30 to +86°C)
M — Military Tempersture Range,15 V, (—56 to +125°C)

4. PACKAGE TYPE

G - Metal Can (TO-8)

H - Flstpeck

J — Plastic Package

L — Ceramic Package (CerDIP)
Y - Dice

BEST copy

EXAMPLE: 303AL Operstes Over an Industrial Tempersture Range at 15 V and is a CerDIP Package

Product List — Digital Logic

301 Power NAND Gates ODual S-Input
Power NAND Gates Quad 2-Input
Power NAND Gates Quad 2-input
Power NAND Gates Tripie 4. 3. 4-input
NOR Gate Quad 2. 2. 3. 3-input
NOR Gate Quad 2. 2. 3. ¥Input
Flip Fiops Master:Siave RST
Flp Flops Oual J-K Edge Triggered
Flip Flops Dual J-K Master/Siave
NANO Gates Quad 2-input
NANO Gates Dual 5-input
NAND Gates Quad 2-input
NANDO Gates Quad 2-input
NAND Gates 2. 2.3 3-input
NANO Gates 2. 2.1 J-input
Gate Expander Dual S-input
Hex Inverter Gates 4-Inverter 2-NAND
Hex inverter Gates 4-Inverter 2-NAND
Hex inverter Gates Sirobed Hex NAND
Hex inverier Gates Strobed Hex NAND
Muititunction Gstes Dual 2-Wide 2-input
ang/or Invert
Dual Monostadie Muitividrator
Digital Comperator  4-84t
Muttitunction Gstes Oual Expancable AND-NOR
Oua! Retrniggerabie Monostadie Muitividrator

Oual Retriggeradie Puise Stretcher

Multipiexers  8-8it ’

Multipiexers Dual 4-Bit

Timer .

Oual 11-16V 10 5V Interface Voitage Transiator
SV 1o 11-16V Interface Dual Transiator

SV 1o 11-16V Intertace Quad 2-Input NAND
Schmitt Trigger  Quad(Active Pullup)

Schmitt Trigger  Quad(Open Collector)

Fiip Flop Quad D

Counters Decade

Counters Hexadec:mai

Up-Oown Counters Decade

Up-Down Counters Hexadecimal

Shitt Register 4.8t

8CD-t0-Decade Decoder Drivers Lamp Driver
B8CD-to-Decade Decoder Drivers Logic Driver
BCO-to-Oecade Decoder Drivers Gas Tube Driver
Decoocer Driver BCD-to-7 Segment

Ouasl interface Butters 4-1nput Expandable ANO
Duat Intertace Butters 2-input AND )
Dual Interface Bulters 2-1nput NAND

Oual intertace Butters 2-input OR

Duat Intertace Bufters 2-input NOR

Dual intertace Bulters 4-Input Expanaabie NANO
Line Driver Rece:ver Dual Difterentiat

¥ TELEDYNE SEMICONDUCTOR
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C EA a division of Berkleonics, Inc.

1 Aerovista Park, San Luis Obispo, Calif. 83401
Toll-Free: Phone 800-235-4150 . In Calif. 800-592-5910

B b T PN A ATA YRS (7 0 oA o AT Al s

CEA3 SERIES — IMPROVED SWITCHING

STANDARD FEATURES INCLUDE

e QUTPUTS from 4.0 to 256VDC, .1 to 60 AMPS, to 640 WATTS.
® INPUTS 50 to 420 Hz, 95 to 135VAC or 105-190VDC.
© REGULATION, 1% or .1% for line plus load. '
e 80°C BASE TEMPERATURE without derating.
- Floating outputs, + or — output may be *=500VDC from case.
Remote sensing standard, all models, eliminates ioad lead effects.
Adtj)u?tment of output voltage, 50% to 100% is standard. Ranges tabulated
elow.
Remote adjustment optional at no charge.
Series starting with rated load, for multiple supply to a common load
application.
Short circuit and overload output currents will not damage supplies.
No voltage overshoot on turn-on or turn-off.
MIL-T-27 modular case sizes with removable covers for servicing.
Critical components pretested, aged, and graded.
BURN-IN (stabilization), 16 hrs. min. atrated load and high base temperature.
100% TESTING after burn-in, test data with shipment.
Specifications guaranteed, not just typical.
3 YEAR WARRANTY for parts and labor against defects in
workmanship and materials.

SPECIFICATIONS — IMPROVED
REGULATION — STABILITY — RIPPLE — BASE MODEL PRICE

Class of -
Regulation

Line Plus
Load
Regulated

“Line Change

: Line Regulation
for10% -

_Load Regulation
10% Load
to Full Load

Temperature
" Coefficient
Per Degree C

Stability for
40 Hours

Ripple <% -
P-P

. BASE MODEL™
“ PRICE-#%

A .

0.5%

0.25%

0.25%

0.5%

0.5%

1.0%

Tabulated below

B

+0.1%

+0.05%

2:0.05%

*+0.1%

0.2%

A plus $30.00

+0.02%

. Input Voltage and Frequency: 105 to .125 volts, 50 to
420 Hz or 120 to 180VDC.

Output Voltage and Current: 4.0 to 256VDC, 0.1 to 60A.
See correlation in table below.

Efficiency: Up to 80%. The output rectifier voltage drop
of 1.2 volts is a major loss, hence a 5V output is
64% on some models.

Recovery Time: Typically less than 1ms for a 50% to
100% load change.

PART NUMBERS

YOUR SELECTION:

Specify regulation — Insert A or B

CEA3

Specify output voltage — Insert any digit, 40 to 256

‘Specify voltage decimal — Insert X, Y or Z

Insulation Resistance: 100 Megohm DC standard for
input, output and case. \

Temperature, Base: —20°C to +80°C operating, —40°C
to +85°C storage. -

Thermal Data: Details associated with thermal curve num-
bers (4 thru 9) in table below are shown on page 19.

Size-Weight-Terminations: Details associated with MIL-
T-27 case (GA thru RA), tabulated below, are shown
on pages 10 and 20.

Example: .1% Reg, 5V, 60A, with options '‘F'" and ""W''; '"CEA3B50X603FW"’

| I —L__Specity desired options — Insert option symbols

Specily output currents — Insert bracketed digits

QUTPUT VOLTAGE

OUTPUT RATED CURRENT

2 Digits
Under 10V Deci-
3 Digits mal

10V and Over |Code .54 (501)

VR

2.5A (252) 54 (502) 10A (103) | 20A (203)'; 60A (663)

t Specify max.
. voltage listed
- for adjustable

" standards |
‘Select any | .
voltage betweern
limits for “‘F"!
option "~

".4.0t08.0

o | Thermal
~ | Thermal
© | Thermal

718.0 10 9.9
“10.0 to 16.0 GA

@ {~ | Thermal
. (o | Thermal

D
o

16.0 to 32.0 V GA 237 |NA 275

32.0 to 64.0 5-1237 | HA 275 |HA| 6 | 330

~N oo
~

840t0 99 GA| 4"| 237 |Ha|5 |275 [1a |6 {314 [Ka{7 | 330

o« oo |~

12810256 | Z HA| 5 |275 |JA|6 | 314 JKA 352 |NA| 7 | 446

t Adjustment from 50% to 100% is standard for the ranges shown.

* These are single standard supplies for the ranges (8.0 to 16.0VDC)
application of “‘F" options.

& (6.0 to 128vVDC), are shown split to indicate decimal code for
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CEA3 SERIES
OPTIONS

AC/DC-DC HF Regulated

COMPACT ,
MODULAR POWER SUPPLIES

The extra charge for each option is either a flat rate or percentage of the base model price; add the larger number to the base price.

IS mbol | 5 - Option
ption : ) Descnptlon Prices

Delivery
(Weeks
Added)

FIXED OUTPUTS

Fixed output +=1.0%

Fixed output *+0.2% No ?{gme

Not available with “R” optlons.
Available in both classes of regulation.
Available in class B only

ADJUSTABLE OUTPUTS

Output adjust range *=10% No charge

Increases resolution of adjustment output.

EXTENDED TEMPERATURE RANGE

Temperature range —55°C to +80°C
Temperature range —40°C to + 80°C
Temperature range —55°C to +115°C

$100 or 50%
$20 or 20%
$200 or 100%

Requires next larger case size. Storage to —62°C.
Storage to —55°C
Requires next larger case size. Storage to —62°C.

INPUT VOLTAGE AND FREQUENCY

Input 95-135VAC, 50-420 Hz or 105-190VDC $20 or 10%

Derate maximum current to 60% of rated output.

SPECIAL CONNECTIONS

Octal plug in lieu of standard terminations 15
Screw terminais #6-32 15

Specify option “R" or *‘F'* with “N"". Slzes GA or larger, 5 amps or less.
Used for connections of 20A or less. HA size or larger.

PROTECYION CIRCUITS

Current limiting
Overtemperature cutout
Crowbar voltage limit

No Charge
$20
$30 0r 15%

Limits current to protect system circuit.

Limits base temperature to maximum rated. Se!f restarting.
Protects power supply -and system circuit under all circumstances.
Operates at 10% or 1 voit, whichever is greater over maximum
settable voltage. Remove input power to restart.

REMOTE PROGRAMMING
Remote adiust (no pot provided) No charge

Remote adjust plus internal pot 25
Remote adjust with pot provided 5

Remote programming options allow power supply to be externally
adjusted.

HIGH FLOAT VOLTAGE

Output float up to ==1000V $10 or 10%

Either output terminal will withstand ==1000 volts to case or input.

RUGGEDIZED

Potted for ruggedization  GA, HA, JA
in polyurethane resin. KA, LA
gl‘{l. NA

QA
RA

Light weight rigid foam ‘W' + $20.00

Weight increased about 50% (except W2).

Fixed output or remote programming option is required with
option ‘W',

CASE SIZES AND WEIGHTS (UNPOTTED)

CASE SI1ZE - GA HA JA KA
: ; 3%,

2% 2% 3N 3%

12 2%

PRICE . .

The total price is the base model price from the regula-
tion table, plus the price of optional features selected.

PRICE EXAMPLE: “CEA3B160Y102LRW"
ugr $20) ‘‘B" REGULATION BASE Quantity Disco
“160Y102" 237/ MODEL PRICE $257.00 ., Y ':'"
L OPTION  23.50 59 | “es,,/
“Re OPTION NO CHARGE 47", €ss >%

— less 10%
W OPTION 500 5599 fess 15%
TOTAL PRICE $285.5¢  100- factory

Discount Schedule

TERMS
NET 30 days, F.O.B. San Luis Obispo, California.

DELIVERY

Regulation class “A"” and "“B" supplies 4 weeks. Some
options extend delivery as shown above. Shipments will
be as directed, United Parcel where serviced, or Parcel
Post for the remaining.
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“THERMAL DATA.

Heat flows from regions of high temperature to regione of low temperaiute by:
1. CONDUCTION — heat flow within & material without matarial motion required,
2. GONVECTION = heat tiow by physical motion ot a material; .., liquics and gasea.
3. RADIATION — heat flow by radiant energy, materials for the flow path not required.

The heat conductivity of various subdstances are: Sliver 1.0, Copper .9, Gold .7, Aluminum .6, lron .16, gteet .1, Silica .0024, Mica .0018
(.5 conductivity corresponds to about 19C per inch or a heat flow of 5.3 wats per aquare inch).

The conductivity of some aluminum ailoys are three times better than othars, 1100F and 6083T5 are two of the better alloys.

Gonvection by nalural means can vary sbout 2 10 1 10r flat surface up vorus a fiat surfsce down,

Forced convection (fan-driven air) is 8 common eooling procedure and has the etfects ahown (n the ourve below.

%azamioan "‘?g.“';‘; to & large extent on the roughness of the eurlace. The rougher tne beter (e.g.. the emissivity ot aluminum unoxidized »
.02 ve .3 oxidize0).

From the above it is clear that nest flow i3 complex and quite varieble. THE DATA QIVEN BELOW 1§ PRESENTED NOT AS ABBOLUTE BUT
RATHER AS A GUIDE.

THERMAL DATA — Worst Case Condition: high Insut voitage, full losd. no forced alr. )
(a) Powsr Dissipated Internally (weita) (b) Temp. Rise, chassis mounted (9°C) (c) Temp, Rise, chaasia & thermal radistor mounted (°C)

THERMAL CASE SIZE.
NUMBERS | OATA | FA 1} HA i KA LAt MA () ) 8| M [1) TA
a 2.9 3.8 4,8 8.5 8.0 9.5 11 13 17 24 32 38 47
1 b 2.9 3.9 4.8 6.5 8.0 9.5 8 ] 12 11 14 17 20
c - — — — - —_— 8 7 8 8 8 7 )
ﬁ 8) 3.8 5.2 8.4 8.6 11 13 18 17 23 3 43 52 a3
2 b{ 38 52 8.4 8.8 1 13 10 12 18 13 18 22 28
© | — | = | = | = | = | = 8 10 | 10 8 1 10 12
(&) | 5.7 7.8 0.6 13 16 19 22 28 34 47 85 78 84
3 2b) 6.7 7.8 0.6 13 16 18 14 17 22 20 27 31 37
c) — -— — — — e 12 14 15 12 17 14 17
(a) 7.6 10 13 17 21 256 30 35 45 §3 86 100 130
4 (b) 7.6 10 13 16 20 23 20 22 28 28 7 38 46
(¢) - — — -— — — 18 18 19 16 22 18 24
(a) " 18 19 28 32 38 45 52 68 84 130 160 180
§ (b) 11 15 18 24 29 34 20 a2 40 37 46 53 58
() - |.— -— —_ — — 23 28 28 24 31 28 32
(a) 15 21 26 35 43 61 80 70 01 130 170 210 250
] (b) 14 20 24 32 38 42 36 41 48 46 55 62 87
(e) — — — — -— - 30 34 38 31 39 35 40
fa; 23 31 30 52 64 76 20 100 140 190 260 310 380
7 b 22 28 35 43 49 55 49 52 83 58 69 75 —_
(€) — —_ — — — —_ 42 45 49 42 52 47 53
R §a 30 42 51 089 85 100 120 140 180 | 250 340 | 420 500
8 b 27 37 42 52 59 84 58 83 7 67 78 —_ —_
{c - - - — - —_ 50 58 58 50 81 57 82
(a; 43 63 77 100 130 150 180 210 270 380 520 620 750
] b 38 49 §5 64 73 78 " N4 - — —_ — —
c) — o — — — _— 64 69 71 64 75 a9 76
CHASSIS 10x10 110x10 | 1010 | 10x10 | 10x10 [10x10{ 12x12 | 12x12 |12x12 | 15x15 15x15| 15x15 | 15x15
¥ x (In. x in.)
RADIATORS -— —_ - -— -— - 1 2 2 2 4 4
(Qty.) P/N CE(A)m Cél?m ce‘x)m cs(A'zae cs‘n)nz GE(A RZ ce‘nlaz
Example: Thermal No. 5, Case SA may dissipate 160 watts, have a base temperature r \

of 53°C above amblent for a 15” x 157 x ¥;” aluminum chassis mounting, reduce the
53°C 1o 28°C by adding four CEATR2 THERMAL RADIATORS (mounted thru chassis
1o base), and then have the 28°C decreasad to 11°C by 400LFM air velocity to all

surfaces.

The base limitation to the life of your CEA Power Supply is the upper temparature
of the internal components. As with most temperature-affected items, the cooler the
unit the greater the life expectancy. Keeping the base temperature of your power
supply under +80°C during normal operation wlill cause the Internal components to
be safe and give & good life. .

Temperature stabliity may require from 10 to 40 minutes aftsr a change, e.g., turn-on.
This can be an ald during Intermittent duty, and should be remembsered when per- o Wo o %0 600 700 60

forming & steady-state systems analysis. AR VELOCITY , LPM
e ‘ THERMAL. RADIATORS

Models CEATR1 and CEATR2 Thermal! Radiators. aasigned for use with
CEA Powar Supplies, may be mounted directly Into the module base or
on the opposite side of the mounting bady. The mounting hola configu-
ration in the Thermal Radiatora and the base of each Module ars sym-
metrical so that the radlators may be mounted for airfiow in either direc-
tlon across the base of the Moduie. A coating of silican grease should
be applied on each mating surface of the Madule, mounting body and
Thermal Radiator. The mounting body must be a smooth, highly thermal
conductive metallic surface. (Minimum $25.00 order.)
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: CEATRZ 180 2000 - (Subject to Change Without Notice)
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1. BACKGROUND

FTI was tasked to develop replacement power supplies for the Load Shedding
Scquencing Panels (LSSP) for Entergy Operations. The existing power supplies used in
the LSSP cabinets are obsolete, because the company that manufactured them, a power
supply vendor known as CEA, has gone out of business.

Because the power supplies can no longer be acquired, new assemblies were designed to
do the same job, in the same space, within the same tolerances. Suitable power supplies
manufactured by another power supply company (Lambda) were identified which, when
appropriately packaged, require no mounting modifications to the LSSP cabinet. The
replacement power supplies physical dimensions and mounting hole locations are
different than the existing power supplies. Consequently, replacement of the existing
LSSP power supplies required the design and manufacture of a new power supply
mounting plate to simulate the CEA power supplies mounting charactenstlcs

The new power supplies with their assocxated heat sinks are mounted to thls bracket/plate
.and the bracket has mounting studs that duplicate the CEA power supplies mounting stud
arrangement. Fabricating a new mounting plate and assembling the replacement power
supply to this plate permits installation of a power supply assembly which duplicates the
mounting of the current power supplies. This alleviates any modifications to the current
power supply chassis installed in the LSSP cabmet '

The new power supplies also require an external resistor to adjust the output voltage.

This external resistor is required even if the output voltage is fixed. This resistor is

mounted (soldered) across the power supply terminal pins. Installation of the current

power supplies requires soldering of the supply terminals to the cabinet wiring. This will
" not be true of the replacement supplies. New wiring between the power supplies and the

cabinet equipment is part of the replacement power supplies since the existing wire
. lengths are not compatible with the new power supply terminal locations. .

Step-by-step mstallatlon instructions for field technicians are required to ensure proper
procedures are followed. This document contains unpacking procedures, instructions for
the removal of the existing power supply, installation of the replacement power supply,
and wmng procedures. The procedures in this document will ensure that the power
supply is installed correctly and in a safe manner for equipment and personnel.

2. UNPACKING PROCEDURES

The replacement power supply is md1v1dually boxed and sealed in a vapor proof bag that
contains desiccant. Open the box by cutting the sealing tape. Remove the vapor proof
bag containing the power supply form the box. Open the vapor proof bag by cutting the
bag near the point of heat sealing. This will allow resealing of the bag if necessary.

~ Remove the power supply from the bag and the bubble wrap from the power supply.
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3. REMOVAL OF EXISTING POWER: SUPPLY

Techmcxans need to remove the old power supply from the LSSP equlpment To do thls,
first open the LSSP panel door and turn off the ESF power to the LSSP. Then access the
interior of the LSSP by swinging open the Control Panel. Disconnect the wires from the
power supply to the terminal blocks (TB) and/or relay. Do this by removing the screws
securing the wires at the TB or relay and removing the wires. Remove the nuts from the
underside of the Control Panel securing the power supply using a 3/8-inch wrench for the
15-volt power supply and 7/16-inch wrench for the 24-volt power supply. Set nuts aside

. for reinstalling the new power supply. Rcmovc and dispose of thc old power supply in -
accordance with local procedures. . : :

4 INSTALL REPLACEMENT POWER SUPPLY

Once the old power supply is removed, the.new power supply may be iristalled First
remove the bottom nut, lock washer and flat washer from each power supply mounting

stud.

DO NOT REMOVE THE NUTS CLOSEST TO THE MOUNTING PLATE THAT -
- FASTEN THE BOLTS TO THE POWER SUPPLY ASSEMBLY S :

- Orient the power supply so that the plate on the back of the power supply faces toward -
the back of the LSSP when the Control Panel is closed. See Figure 1 for correct
orientation of new power supply.  This orientation is necessary to satlsfy seismic
qualification. As a further orientation check, the hole in the bottom. of the power supply :

_ bracket should line up with the large hole in the power panel plate. Then set the power

~ ‘supply mounting bolts in their respective holes in the bottom of the Power. Panel Plate.

' Use the mounting hardware removed above to remount the new power supply or use the'
mounting hardware from the previously removed supply to secure the power supply to
the Power Pancl Plate.” Discard cxcess material or save for spare parts. '

s___WIM_P___mm’_PL_Y.‘

Reconnect wiring to the TB and/or relay Output voltage wires may need to ‘be routed
through the clearance holes in the mounting bracket and power supply panel to access
TB1 and TB 2 terminals. Other wires can be routed on top of the power pancl plate.

' Follow the identifying wire markers to determme correct connection pomts '

CAUTION - POWER SUPPLY WILL BE DAMAGED BY APPLICATION OF
REVERSE POLARITY OF THE INPUT SUPPLY VOLTAGE (+125 VDC).
ENSURE CORRECT CONNECTION OF POWER SUPPLY LEADS PRIOR TO
ENERGIZING EQUIPMENT.
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Replace screws at the TB or relay to secure the wires. Tie down all wires to existing wire
bundles with cable ties and verify wires are not left in a position where they can be
pinched when the Control Panel door is closed. Venfy all power supply terminations are
properly connected.

6. POWER SUPPLY ADJUSTMENT

Power supply voltage can be adjusted with the potentiometer mounted to the side of the
-power supply case. A small straight blade screwdriver should be used for this purpose.
Care must be exercised to adjust the potentiometer in small increments to avoid over
voltage of the power supply output. If the power supply output voltage is adjusted to be
above the over voltage crowbar limit, the power supply will need to be reset by cycling

input power.

Reapply power to the LSSP. Using the potentiometer, adjust the power supply for the
nominal voltage (+15 Vdc or +24 Vdc) + 0.1/-0.0 Vdc at the terminal lug connection

points m the LSSP. Remove power from the LSSP.

Close the Control Panel door Reapply power to the LSSP according to the Initial Start-
up procedure documented in paragraph 7.5 in the LSSP Instruction Manual.
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Lambda's PH Series of full function modules
offers the ability to power external monitoring
signals, accommodation for N + 1 and
scaleable power systems , and 90% efficiency -
all at the lowest prices. available.

TECHNICAL DATA
PH3OOF—1IQ Series of DC-DC Converters

Lambda Electronics Inc. A
- 515 Broad Hollow Rd. « Melville, NY 11747 .
" Tel: 516-694-4200 + 1-BUU-LAMBDA-4/5 « Fax: 516-283-0519 . TOPH300F-110

\
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_ This Technical Data manual contains spec‘ﬁcauons and typical performance characteristics - { -
to aid in designing the power supply into an apphcanon Due to component and manufacturing ' - é/g \7 /o >

tolerances, Lambda cannot guarantee that all power supplies will produce identical performances to
the characteristics enclosed. Lambda does guarantee conformance to the published specifications
included below. For other information, refer to the instruction manual, :

IL SPECIFICATIONS : L
“MODEL[ .. . PH300F-110-.: ;
PH300F- | PH300F- | PH300F- | PH300F- | PH300F-
ITEMS | 12| 1103 | 1os | 11012 | 11015
Nominil Ouput Voluge . f V.| 2.~ |° 3 |- 2
Maximum Output Current A -60 60
Nominal Outpiit Power. W] 120 ] +180
Efficicncy (Typ.) 1% 68 73
Inpit-Vohage Range’sl © | fssifi T S
Tnput Current (Typ.) s1fa] 160 ] 224 | 329 [ 3. 11 T 313 309 | 308
Output Voltsge Accuracy *1 | % | . o .
Output Yohage Range  *9| % +20% ‘
Maximum Ripple & Noise *8 |mv]. 200 [ 100 17100 | "150: - "150 - | ;.
Maximum Line Regulation *2| . | 20mV 20mV 20mV 48mV 60mV 96mV 112mV
Maximum Load Regulation *3 | -:|- d0mV- | 40mV | 40mV [ 96mV. | 120mV :|:192mV: | - 224mV.
Overcurrent Protection %4 | A o 105% - 140% .
Overvoltage Protection. S| V| 165%-240% |  ° % 1 125%-145% 0 T
' |Remote Sensing R & IS ) . Possible
Remote ON/OFF Control  +7 | - S Possible (Short : ON, Open: OFF) '~ .ii = *
Parallel Opernation %7 - ‘ Possible
Series Operation ' 7| - ] ) Possible
L.O.G. Signal 9] - : Possible (Open collector output)
|Operating Temperature - . -20°C - +85°C (Baseplate); Ambient Temperature min, = -20°C
Operating Humidity - ‘ - 30%-95% RH
Stotage Téimperawre - -1 ) ©1-40°C - +85°C
Storage Humidity - ' , 10% - 95% RH'
Cooling . - . - 6| - |- . .z Conduction cooled *
Temperature Coefficient =~ |(%)] - : 0.02%/°C v
Isolation, Voltage (for 'minute)| - .| Input - Chassis : 2.5kVac; Input - Output : 3.0kVac, Output - Chassis: 500Vdc '
Isolation Resistance - More than 100MQ @ 25°C and 70% RH Ourpur-Chassis : 500V dc :
Vibraton: -~ ~o o= e 10 - S5Hz amplitude (1 miriute sweep) less than 5G X, Y, Z 1 hour each -
IShock - o . Lessthan20G
‘| Weighe::i T -1 : -1 '250'g /0SS Ibs.
Size (W.HD) - © 146% 127 x 86mm/ 5.75" x 05" x 3.39"
*1. At110Vdc and maximum oulput current, o *S. Invener shutdown method, manual reser. -
T3 Noload vo Fal losd, consaasinpet velage 5 :::":m:m::r"m‘"m“ i
-4, Commumnlhﬁdn;wims\gmdcmay ' *8. Extemal capacitor is required

9. A1 110Vdc input. Refer to the Instriction Manual.

Lambda Electronics Inc. A |
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. Outline Drawing for the PH300F-110
- Dimensions are in inc_hes {millimeters)

| VMA 02/6046~ do4
Page 12 of 44

o >--'. , : o B | '%‘%/mz

d;'c";uw’vmw“z 12.513|3]3iss.8 6|6 | 6| 7 6| 6] 6 |s. lanOuwTemind
protrude in1o power : § 10-02 .=
by more : [ 8-006
than 12.7mm (back < 136 £ 0.5 . .
side for heatsink) o > 1 : o
388%"2 f 3T 1 4 ' . : -
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Pin Name Fuaction
AUX Bias Voliage Output (secondary ref)
) ) Note 1 : Model name, input volusge range, Nom. output voltage and Max. K Paralicl Conoection
: output current are shown here in accordance with the specifications. TRM Voot Adjust Pia ©
X . . . S Negative Output Voliage Sexse
v Output Voltage Retsrn
. W Positve Output Yokage
- Posttive Output Voltage Sense
T " Remote ON/OFF Control
g Signal (CNT RTN)
-Via lopwt Voltags Ketum
+Vin Positive Input Volags
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IIL TEST DATA
Steady State Data

Régulation - Line and Load, Temperature Drift

1. Regulation - Line and Load - Conditions Ta:25°C

lour—~in| ggvdc |110vdc | 185vdc | Line Regutation

0% |s.000v |5000V |5000vV]|0omv| 0%
50% |5.002v |5.002v |5002v {omv | 0%
100% |5.006V |5.006V |5006V | Oomv| 0%

' emv 6mv 6mv

Load
Regulation| 429, | 0.12% | 0.12%

2. Temperature Drift Conditions Vin: 110 Vdc

" Iout: 100%
Ta_ | 20°c | 25°C 85 °C__| Temp. Stabilty
Vout 4992V 5.006 V  5.006 V 14mV /0.28%
12V
* . 1.Regulation - Line and Load Conditions Ta:25°C

Jout Vin| ggvde | 110vde ] 185vde | Line Regulation
0% [12.000V |12.000v [12000v] 0o mv | 0%
50% [12.000 V [12.001V [12001V | 1 mV |0.01 %
100% |12.000 v [12.000V [12.000V | 0 mV 0%

' omv- | 1mv 1mv ’

Load
Regulation| g4, 0.01% | 0.01%

2. Temperatre Drift Coriditions "Vin : 110 Vde.

~ Tout : 100%
Ta -20 °C 25 °C 85 °C Temp. Stability
Vout - 11972V 12.000 V 12.003V 31mV / 0.26%

TDPH300F-110

| VMA 02/0816—004
‘Page‘ 13 of 44

it




24V

- 1. Regulation - Line and Load Conditions Ta:25°C

VMA 02/0016- 094~
Page. 14 of 44 :

o

Regulation - Line and Load, Temperatu‘re Drift

Jout vinl gsvac

110vdc | 185vdc | Line Regulation

0% {24.010V |24.010V |24010V] O mV.,] 0 %
50% [24.010V |24.010V |24.010V| O mV | 0 %
100% [24.010V |24.010V [24.010V | O mV 0%
Load omv omv omv
Regulation 0% 0% 0 %
2. Texﬁpemurc Drift Conditions Vin: 110 Vdc
. Tout: 100%
Ta -20 °C 25 °C 85 °C Temp. Stability
Vout 23.930 V 24010V | 24.020V .| 90mV/0.37%
TDPH300F-110

Lambuda Electronics Inc. A | Pages
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Output Vokltage and Ripple Voltage vs. Input Voltage _ ;
’ o ' o Conditions Tout : 100% - .
. : o Ta:-20°C=~~-—" s VMA'

. ‘ ) 25°C—-— %, = 0 %W

'85°C ——.

W%ﬁ‘

3 Oul.put V(:ahage

. _ - i ‘
g e M S e s .
. : ; . i

300 |-

200

Output Volage (V)
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N . T N

Ripple Voltage (mV)

i - 47 Ripple Voliage
1F 100 . : s sy o

0 80 140 ) 200
- Input Voltage (Vdc)

12V 12F 60 F—
© i, i i Output Volage ;. B i
10 - 500 | frorramecies i - .
s |2 | 5 | | :
& 8 5 400 g : : (“
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Z-6r 3 3000 ' sl - O N
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- £ 20 i
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0 ) 140 T 200
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Output Voltage (V)
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. e rrs H
4+ o 100 o (.f - K

0 8% 140 200 o -
‘Input Voltage (Vdc) : .
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AUSILILIL LI AEIPME NS vase fue v seegr e e o sand

Conditions Vin : 88Vdco

110Vdco
185Vdca -
'Ta:25°C _
o
¢ VMA 02/0050~
‘ . 2 | Page 16 of 44
: < 4t »
£ S 577>
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g' g . Eff"%"
-gl 2PE60f ittt
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Page 8

Efficiency (%)

Efficiency (%)

Efﬁciehcy vs. Input Voltage

_ Efficicncy (%)

Input Voltage (Vdc)

08 100 120 140 160 180
Input Volage (Vdc) ‘

0 80 100 . 120 140 . 160 180
Input Voltage (Vdc)

Lambda Electronics Ine. &

0 8 - 100 120 . 140 160 180

Conditions Iout: 100%
Ta: 25°C (nf\_

VMA 02/60+6-00¢<”
| Page 17 of 44
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Conditions  Vin : 110Vdc

Tout : 100% .
“Ta: 25°C
|
€
g |
a
)
k|
©
> ! /
z 3 VMA 02/0016-09K "
8 Page., 18 of 44A
S 17/
12V
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E .
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g
s
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=
z
24V
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.g, :

S :

8 c
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(] : :

0 1 2 4 6 8 hrs.

Time
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24V
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O.C.P. Characteristics ,

L Conditions ~ Vin : 88Vdc .
110Vdc = = = — .
185vdc —-— ¥

- Ta:25°C.
6 et
s _ ,1. : v
< il i
54 [T : - g iffor
S : . 3 : . . - ' . .
z3 ' | vMA 02/6816- A
. .§,- 9 ] . Page 19 of 44
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’ Conditions  Vin : 110Vde
o Ta:-20°C
1 25°C ——~——
- . ' 85°C —-—
R I
' ‘ : 5 : : VMA 02/0016~ 004~
, B~ NI S _ - Page 20 of 44
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O.V.P_. Characteristics
’ Conditions  Vin: 110Vdc -

Iout: 0% ‘ e
Ta:25°C ( "

. S : ‘ - OVP wip point - m/o»z
b-‘ N | | e | vMA o2/0816- 0K

\ K ' Page 2/ of - 44

2v/Dlv .y ' ~ 50mS / DIV

12V

- OVP trip point
- 12y

sv/piv © 200mS /DIV.

24V

o ™ [T TT orwm
. , : - . ' o I O 73 ‘

ov/prv . 500mS / DIV,

‘pgerz - lambda Electronfcs In. &~ [TDPH30EII]




Output Rise Characteristics ‘ ' -
Conditions Vin: 110Vdc
' Iout: 0%

- v - Ta:25°C

o , | S , o Bw 79/
‘ " 1  YMAQRN g0y
‘ . ) — - -0V Page 22 of 44

Em;;_ .vin
av/oiv [ 1oov/oiv | 1oms/piv
12v | ~
. " -12v
, - -oV.
m.vin
sv/DIV | 100V/DIV . 10mS / DIV
24V -24v
-0V
-Vin
ov/pv | 100v/Div | 10mS/DIV
{TOPH300F-110} - Lambda Electronics Inc. & |  Page 13




Output Rise Characteristics o
o B - Conditions . Vin:110Vde
. Iout: 10% o~

- T ., e b

' e B v VMAOeere- S
i - Page 23 of 44

P —————tes _ se—] < Vin

2v/DIV | 100v/DIV | 10mS/DIV

12V

- - 12V

=
I
IR

: -ov-‘ K ( -.

- Vin

. . . - . SV/DIV . 100V /DIV - 10mS / DIV
® = [ [~

-ov

e e )

iov/ov | 100v/DIV | 10ms/DIV

pgele - lambda Electronics Inc. & ~ [TDPE30EI0]




AWV FVITEIV/TH ) A RTINS WAVE JViN

. ' B Iout : 0%
. - - T sy Ta:25°C ‘ |
5/9/_(/7/ o2
' NG ‘ . vMA 02/0810-00%S
: v . -ov © Page 24 of 44
- Vin
av/piv | 100v/DIV 200mS / DIV .
12V | 1oV

-Vin'

5V/DIV l 100V / DIV | 1S/DIV

22y |\ | - ' ,..24v

B N I
- Vin
[ vy | ooV 7oV | as/ov
[ToPH300F-110]  Lambda Electronics Inc. A Page 15




12V

24V

Pag§ 16

Output Fall Characteristics

Conditions -Vin: 110Vdc

-5V’
-V
, , \ -Vin
2v/oiv | 100v/DIV ] 1iS / DIV
L -12v
l\
-0V
:
" pt— - /i
“svioiv | wov/oiv o | 2ms/oiv
: l\ -24v
-ov
. - Vin
- 10V/DIV J - 100V / DIV I SmS /DIV

 Lambuia Electronics Inc. &

fout : 100%
Ta:25°C C*
L%
VMa 02/00t8- 99K
Page 25 of 44
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Conditions~ Vin:110Vdc =

' ' ’ . A _ Iout : 0%
- ‘ - ‘ ) Ta : 25°C
v . -5V . .
‘ . . v v égfj?/ 22
' : [ 1 [  VMA 02/0040-00#S~
‘ . - -0V - Page 26 of 44

- On/Off
Conlrol_

2V/DIV sv/pIv- -~ | 10mS/DIV

12V . e -12v

-ov

SV/DIV. sv/pIv | 10mS/DIV

24V : ' |

-0V

—_#Tzz'z-_‘—_-ﬁ-vm,

10V / DIV | 100V / DIV [ 10mS / DIV

Lambds Electronics Inc. & Pl




Output Rise Characteristics with ON/OFF Control ,
; . : Conditions  Vin: 110Vdc
Iout : 100%

| ] T , ‘ . o mese (OO
& e O

o ' PR , ~ VMA 02/0016-0048
Tt -ov ., Page 27 of 44

Control

aviov | osvov' | toms/ov

12V 12V - B

- OnOtt
Control

' . S ~svov. | osv/oiv | aoms/piv |
o = [0~

{.ov

- On/Off
Control - .

10V/DIV 1 . SV/DIV [ 10mS / DIV

rweis - lombda Electronics Inc.&




12V

24V

TDPH300F-110

_Iambds Electronics Inc. &

Cbnditions
sV
A
.oV
- On/Off
Control
av/ipv | sv/oiv | 200ms/piv
{N v
: B . oV
- On/Off
Control
sviov | sv/piv 1S/DIV
! .24V
\\
-ov
- On/Off
Control
wv/ov | svoiv | 2s/piv

vin: l1iuvac
Iout: 0%
Ta:25°C.

S/

VMA 02/6046-0 04~
Page 28 of 44
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12V

24V

Page 20

Output Fall Characteristics with ON/OFF Control

Conditions

|-sv

AN

-0V

Control

v/DIV

5v/plv

ImS /DIV

-12v

-ov

Control

SV/DIV

-5V/DIlV

2mS/DIV

-24V

- On/Off

Control

10V/DIV

SV/DIvV

5mS / DIV

~ Lambda Electronics Inc. &

-On/Off .

.onoff -

Vin:110Vde
Tout: 100% rq_

Ta:25°C

o
VMA 02/0019— 00K~
Pagc 29 of 44 -
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‘ Conditions Vi : 11uvac
: ' . ' Ta: 25°C ;
| - | - S

VMA 02/0016— 00L[~
lout 20% &=2100% f=100Hz Tout 20% 5==100% f=1KHz ~ ‘Page 30 of 44

;5V ) : | ..- k..- _ _sv_:

- Tout - _Ibut

0.5V/DIV 2mS/DIV 0SVDIV | 02mSDIV
+12.0% -83.0% o +12.0% 8.0%
12V . ) _
Tout20% 5=—>100% f=100Hz Tout 20% ==2100% _f=1KHz
12V -12v.
- lout “
-Jour .
0.5V/DIV 0.2mS/DIV
+33% 38% ]
24V,

Otza’loo% ‘f=1KHz Lo

-uv

- lm‘)tv

0.5V/DIV ) 0.5V/DIV 02mS/DIV__ |
23% 23% ] +2.3% 27%

[TrHSOE-10]  Lambda Electronies Ine. A Page 21
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Inrush Current Waveform _ ,
: 7 Conditions  Vin: 110Vdc

Tout : 100% {‘ B
Ta:25°C ©

. K4 .

do T

: VMA 02/0046- 00448~
; - Page 31 of 44 =

-Tin"

Mmg -Vin

B N

20A / DIV

| wov/ov | 20us/1v

 Lambda Electronics Inc. A ~ [TOPES®ETO] -




’ Oufput - Ripple, Noise - :
. Conditions Vin: 110Vdc
: ’ Tout: 100% -

Ta:-25:°C “‘W‘%/o,

| S o VMA 0210846~ 00l
o ) Differential Mode ‘ _,, ferential Mode © Page 32 of 44
.-.= .=
NEFEENEY

50mV/DIV 1uS/DIV 1uS/DIV.
’ 80mVp-p ‘ 210mVp-p

12V .
Differential Mode

" SOmV/DIV . | 1uS/DIV
90mVp-p :

~ Lambda Electronics Inc. & g2




IV.ENVIRONMENTAL DATA

Vibration Test ' : - . : (' "
1. Equipment Used vibration test system F-400-BM-DCSo7800 from Emic Corp.
905-FN Vibrator Generator o Mﬂ %/02
2. Test Setup : o : 'VMA 0210010 IO~
, . ' _ ..Page 33 of 44
Y
Fltnng .
z X

U.U.T. Direction.

- 3. Test Conditions:
Sweep Frequency : 10 - SSHz
Swecp tnic : 1 minuie : o ) .
" Acceleration : constant oo ' s .
Test Time : 1 Hour each ‘ ' ' - - C .
- Tested to 5G in the x' Y, Z direction

4 Acceptance Cntena The following paramcters must remain’ thhm their specxﬁed hrmts in
order for. the test to be considered successful:

‘a. Output Voltage
b. Ripple Voltage (at nominal i mput and output)
c. Mechanical condition (no breakage)

5. Test Résults

Check Item | Output Voltage Ripple Voltage U.U.T. State
Before ’ .
Tex | 5900V 6amv. 0K
; X SO0V | e4mv
After ) .
Tes | Y| - 5000V 64mV oK | .
1z 5.000V 64mV : ‘ S o

Pago24 - lambda Electronics Inc. & -




.

Drop Test (National Safety Transit Test)
1. Scope »
This procedure is performed on all Lambda power supplies weighing less than 100 1bs.

2. Test Method -
The power supply is packed into a shipping container and then dropped on a bare
concrete surface from a height of 24 inches for units with a gross weight between 10
and 100 Ibs., and 30 inches for units with a gross weight less than 10 Ibs. A total of 14
drops are made, 6 on the different faces of the unit, and 8 on each of the comers.

After each drop, the container is opened and the unit is inspectéd for damage. If there
is no evidence of damage, the unit is re-packed and the test is continued. “The results are
then recorded. - ' ' ’

e

VMA 02/0046- OO0~
Page 34 of 44
3. Tes; Results
Pass Fail Pass | Fail
N ol v |
B ‘J H ‘ V :
c| IR
o] i N
| V k| v
1e] v | el W
Im|
n|
[TOPHSWE1N0] jambda Electronics Inc. & s




- .Noise Simulation TestA

1. Equipment Used - Noise Simulator : INS-4420 (Noise Laboratory Co., LTD)
- : ' Filter : MBS-1205-22 (Nemic Lambda) '

: : o - Bridge Rectifier : PGH758A (Nihon International) .
‘ ' : " Electrolytic Capacitor C1 : 200V, 1000uF x 6 '
Ceramic Capacitor C2 : 400V, 4700pF
Choke Coil L1: ImH ~ ~

2. Test Setup

Simuiawr Filter J
R "FG .-
. G g B .

o gﬁjﬁ/a»

VMA 02/0046~ 09K~
Page 35 of 44

UL

3. Test Conditions

Input Voltage : 110Vdc
Output Voltage : 5Vdc
Output Current : 0A, 30A
Baseplate Temperature : 25°C
 Pulse Width : 50ns - 1000ns . -
Noise Level : ‘0 - 2kV '
Phase Shift : 0-360°
Polarity : +,- ,
_ - MODE: NORMAL, COMMON
. - TRIG SELECT: LINE

4. Acceptance Criteria
-a.No damagé to U.U.T;
" b."No output failure

¢. No other malfunction’.

5. TestResults

Page26 " [ambda Hectronics Ing. & - [TOPH3WETIO]




Electro-Static Discharge Test

1. Equipment Used : ESS-630A (Noise Laboratory Co., L'f'D.) ‘

Discharge resistance : 330Q
Capacity : 150pF
Noise Filter : MBS-1205-22 (Ncmic-La_mbda)

2. Test Setup'and Methodology ‘

w77

VMA 02/0040 0045~
Page 36 of 44 -

Verify that the output is within normal operating specifications when the testing voltage is
applicd to the opcrating U.U.T. Test voltage is applicd 10 the input tcrminal, output terminal
and FG (baseplate) terminal. Testing cycle is at +, - for three times each, and the applied

voltage is to be gradually increased from 3KV to 15KV.

Input Rectifier

Block UUT.

Discharge Probe

Noise Filter

Load

3. Test Conditions
Ambient temperature : 25°C
Input voltage : Rated
Output voltage : Rated
Output Current : Rated : _—
Test voltage : £ 3KV, £ 5KV, + 10KV, + 15KV

4. Acceptance Criteria
a. No damage o UU.T.
b. No output failure
¢. No other malfunction

5. Test Results

PASS | FAIL

v

TDPH300F-110

Elcciro-Static

G

Discharge Simulator

Insulation Sea—l_\
/ : . Output

 Lambda Eectronics Inc. A
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Impulse Test

1. Equipment Used LSS~720-T54 (Noise LaboratoryCo LTD)

Gl

VMa 02/00t6— IIAL

Noise Filter : MBS-1205-22 (Nemic-Lambda) : Page 37 of 44 .
Bridge Rectifier : PGH758A (Nihon Inter.)" o : o
Electrolytic Capacitor C1 : 200V, 10001F x 6

Ceramic Capacitor C2 : 400V,.4700pF

Micro Gap Absorbers : DSA-501MA-0.6 (MMCC)
ZNR Transient / Surge Absorbers : ERZ-CIODK471 (Matsushlta Elec ).
Choke Coil L1 : ImH -

2. Test Setup

3. Test Conditions

. Input voltage : Rated
Output voltage : Rated
Output current : Rated
Ambient temperature : 25°C

Test voltage : from OKV to 5KV in 0.5KV increments
Test point : AC applied between FG-AC (L, N), and FG-DC (+V,-V)
Test cycles : 3 times per test voltage :

Polarity : +,--

4. Acceptance Criteria -
a. No damage to U.U.T.
b. No output failure
c. No other malfunction -

5. Test Results

PASS | FAIL
v

Page 28 . - 1ambda Electronics Inc. &

 Applicd Voltage (%)

| SOuS — 4‘0&

Ty

" |Test Number] ~ Test Voltage Test Result _
T 20KV 0K o,
2 S.0KV oK v S T

TDPH300F-110]




High Temperature Storage Test

l “Equipment Used : Platinous Lucifer PL-2G from Tabai Espec Corp.

2. Test Conditions

#of UU.T.'s : 3 units
Ambient Temperature : 85°C .

Test Time : 96 Hours, non-operating

3. Test Setup and Methodology

/p,
VMA ozleewdbl’é(
~ Page 38 of 44

It is verified that the output is within normal operating specifications when the testing voltage

is applied to the U.U.T. The unit is then put into a testing chamber, and the temperature is
_gradually increased from 25°C to 85°C. After a period of 96 hours at 85°C, the unit is taken

out and left for 1 hour at room temperature. The output is then checked again. o

4, Acceptance Criteria
a. No damage to U.U.T.

- b. No output failure’
c. No other malfunction

5. Test Results
PASS l FAIL o _
v | o Check . No.1 . No.2 No.3
Item Befuie |© Afier | Before . Afier Before After
Output | 505y | soosv | so02v | s001v | 5003V | s.00sv
Voltage Siae ‘ /
Ripple "5y | 6smv | 62mv | 61mv | 6omv 6lmvV
Voltage - . ‘
Line ) i . i
Regulation OmV. | OmV ImV mv ImV | 1mV
" Load L .
Regulation - Smv _ Smv 6mV | 6mV SmV . ‘Sn'lV
"1 Isolation . ' : -
Resisance | OK. ' OK OK oK 0!; 0K
Withstand : , g
Voliage oK. OK | OK OK oK OK
Appearance | OK |- Ok | ok | ok | ok | oK

[mopHsooF-110]  jambda Flectronics Inc. A
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Low Temperature Storage Test

.
*

s

‘VIVIA UAIUUIU

P 3
age 9of44 5«71/%2

| . . | ~ 2. Test Condmons ' . S
: ‘ B #ofU.U.T.'s:Sunits' o ) L o C VMA 0 }/W
: © . Ambient Temperature : -40°C Co _

~ Test Time : 96 Hours, non-opera_u‘ng

1. Equtpment Used : Plannous Lucnfer PL-ZG from Tabai Espec Corp.

3. Test Setup and Mcthodology

‘It is verified that the output is within normal;Operating specifications when the testmg voltage :

- is applied to the U.U.T. The unit is then put into a testing chamber, and the temperaure is o
" gradually decreased from 25°C to -40°C. After a period of 96 hours at -40°C, the unit is taken
out and left for 1 hour at room temperature. The output is then checked again. - :

4, Acceptance Criteria
a. No damage to U.U.T. -
b. No output failure
c: No other malfunction

" 5.Test Results _ Co T C ,
“@pAssl.FAij o B ' '
N} I | Chek | Nol _No.2 " No.3
em '] Before Afier | Before After Before .| After .
Output | 5005v | 5.005v | 5.000v | 5001V | 5003V | 5003V
_Voltage ) } 17
“Ripple | oy | e2mv | 6omv | 60mV | 60mv | 6omv |
- Voliage . ’ ) I B
' - : o _Line | omy | omv [omv [ OmV | mV | 1mv -
’ . ‘ Regulation o N .
Load - | gov | gmv | smv | smv | émv. | émv:
Regulation _ . o D
Isolation | ‘o5 ok | ok | ok | ok oK
Resistance I : ) o

Witsand | e | ok | ok | ox | ok | ok |
Voluage _ : . . i

Appearance | OK | ok | ok | ok | ok | ok |

" famhda Elacteanine Inp A\ [TDPH300F-1101
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Resistance to Soldering Heat Test o

1.

2

3.

4

Equipmcnt Used : Automatic dip soldcring machinc from Osak.a Asahi Kagaku
: : ' ' | vMA 02/0016~ 004(,(’
Test Conditions . Page “eof 44

#0of U.U.T.'s : 1 unit

Dip Soldering Temperature : 260°C
Dip Time : 10 seconds

Prc-heating Temperature ; 120°C
Pre-heating Time : 60 seconds

Test Setup and Methodélogy

It is verified that the output is within normal operating specifications when the testing voltage

is applied to the U.U.T. The unit is then put on a universal circuit board, and transfered to

- fax-dripping, pre-heating and soldering in the dip machine. It is then left ar room temperature

for one hour. The output is then checked again.

. Aoccptance Criteria

a. No damage to U.U.T.

_ b. No output failure

5.

c. No other malfunction

Test Results

PASS | FAL
.\j g ' Check No. 1
liem "Before |- After

Output ‘<
Voluage 5.005v S.WV

Ripple
Voliage | 60V | 60mV

. Line : i
Regulation 2mv | 2mY
. Load
Regulation

“8mv | smv

Isolation .
. [o) oK
Resistance K . :

Withstand 1
Volage 0K | OK

Appearance | OK OK-

| Lambu3 Electronics Inc. & Page 31




Thermal Shock Test - 3
| o - ST
L 1. Equipment Used : Thermal shock chamber TSV-40 froni Tabai Espec Corp. | vMA 02/00t0-00US”
: ' S Page 41 of 44 o

2. Test Conditions o oo

- . . . #0of U.U.T.'s : S units

Standard : subjected to JIS C5030
Ambient Temperature : -40°C to 85°C
Test Time : See drawing at right

Test Cycle : 50, 100 cycles, non-operating - '
Co lg— 1cycle —¥ -

+85°C — _
. : 30 min.

40°C
- 30 min.

3. Test Setup and Methodology

It is verified that the output is within normal operating specifications when the testing voltage
is applied to the U.U.T. The unit is then put into a testing chamber, and is tested according to
. the above cycle. After 50 and 100 cycles, the umt is left for 1 hour at room temperature. The

" output is then chcckcd agam

S

.4, Acceptance Criteria
-a. No damage to U.U.T.
. b. No output failure
¢. No other malfunction

5. Test__ Results

Lambuda Electronics Ing. A - {TDPH300E-110]
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V. RELIABILITY DATA : ‘ Y. 2 7 /o
MTBF - Calculated Values of MTBF } _ ‘ VMA 0210016~ g0¢(

Page 42 of 44

1. Part count rcliability projection

The calculation is based on MIL-HDBK-217F Parts Count Rehabxlxty One envnronmem is gwen

.as applxcable for a power supply. The definition of th:s environment is:

Cround, Fixed - Conditions less than ideal such as xns(allnuon in pefmanent racks with
adequate cooling air and possible installation in unheated buildings; includes permanent
installation of air traffic control, radar and commumcatxons facilities.

The Electronic Indusiry Association of Japan (EIAJ ) has a technical committee for power:
supplies which publishes reliability data giving a combined , and A, for use in reliability prediction.

MTBF = 1_ == 1 x 10°(Hours)
- Requip 3 Ni(Ag)i(mo)i -
oo .
Whm:

Aequip : Total Equipment Failure Rate (Failure / !06 thf) .

Ay : Generic Failure .Rate for the ‘ith Generic Part (Failure / 10° Hour)
uQ : Quality Factor |
Ni : Quantity of the 'ith Geneﬁc Pvan

n : Number of different Generic Part categorics

2. Results : MTBF @ Ground, Fixed = 297,359 Hours

" lambya Eectronics Inc. & Page 33




NOTES

L1770

VMA 02/0016-0 048~
Page 43 of 44
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VMA 02/0616- 00 &S~
.| Page 44 of 44 ,

ALAMBDA QUALITY

DEFINITION

‘Quality at Lambda means error-free output
Whlch meets the needs and exceeds the expectatlons o
of our 1nterna1 and external customers.

IMPLEMENTATION

It is each individual's responsibility to understand -
his or her customer's needs and expectations
- and deliver products and services which achieve -

Lambda Quahty

AmBoap | -

Fleclronics Inc.
Lamdda G'Oll’ of wmcn (3
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Undse: Emefgv Contract 10292342-00 FTI was tasked with reviewing Iegacy
Grand Gulf Load Shedding Sequencing (LSS) system data to try and determine
the basis for the 1% accuracy specified in the vendor manual for the LSS
Underveltage Bistable card. Specifically, FTI was asked to:

1) Review their archived data files to identify the basis for the 1%
uncertainty value for the LSS Bistable card. Tlis will include
identifying the drift interval included in the 1% value and what
allowasnce is made for temperature effect and power supply effect.

2) If no basis for the 1% accuracy value can be located, FTI will review the
Vitro qualification reports and provide temperature effect and power
supply effect specifications for the Bistable cards if it is contained in the
gualification reports. No analysis is required if the data is not contained
m these reports.

2. Background

Grand Gulf received a ﬁndmg in i'ﬁe Iast II\IPO assessment concerning the seipnmt
validation calculation for the 90% {degraded voltage) seipoint. In the existing
calculation, a total uncertainty is determined utilizing a 1% accuracy value, M&TE efror,
and bistable drift. The drift is statistically calculated based on actual calibration data
history. The calculated drift value is considered conservative since it includes accuracy,
M&TE, temperamse effects, and power supply effects.

The System Instruction Manual For Load Shedding and Sequencing Panel. dated March
1978, paragraph 4.3.2 states "The trip point of any bistable card may be adjusted from
65% to 95% of 120 Vac by means of a multi-tum potentiometer on each card and will
maintain a long term accuracy of + 1% of imtial setting”. FTI interprets this to be the
accuracy considering all factors including basic design tolerances, environmental factors
(temperature, humidity), and component drift (not related to temperature and humdity),
just based on how it is siated.

Instead of utilizing the + 1% accuracy value stated in the system manual, Grand Gulf has
utilized + 0.2 V specified in a plant calibration procedure.
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FTI reviewed the archived data specifically designated as being for the Grand Guif LSS
Systemn. There is extensive data on system spare parts, modifications, and initial
probiems with the system when originally installed, but this doesn’t help answer the
setpoint vatidation question

There was some factory accepiance test data for individual Bistable cards delivered as
spare paris. The Bistable card is what Vitro referred to as a "Standard Card” that was
designed to be used in nwitiple systems (as denoted by the 0423 drawing number prefix).
The AC Bistable Card test procedure (TP 0423-2757, Rev A) paragraph 1.3.3 establishes
a power supply baseline of 15Vde = 15 mV (20.1%). Paragraph 1.3.8 adjusts the trip
point to 108 = 0.1 Vac, then paragraph 1.3.11 tests the actual frip to be 108 = 1.2 Vac
(=1.1%%). Actual test result data shows the frip point fo be mmich closer than fhus
tolerance. The ambient temperature trip point result was 107.98 Vac or 0.02%. Thereis
no indication on whether the tolerance value considers power supply effects or long term
drift.

The system test procedure {TP 2692-1005, Rev C, dated 1-18-79) tests the set and reset
points of the AC Bistable which indicate the deadband and provide some evidence of
tested accuracy. Pages 14 and 15 of this procedure tesis each of the Bistable cards at
three input voltage values (84 Vac, 96 Vac, and 108 Vac) and verifies the irip setting and
reset values. For the 96 Vac test, the trip voltage is set to 96 = 0.05 Vac and the reset is
verified to occur at 96.7 £ 0.5 Vac.

We also identified some pertinent qualification test data. Most of the qualification data
was related to seismic qualification as opposed to environmental qualification. This
system was oniginally qualified as part of a real time aging program called the Sequencer
Pacer and consequently the LSS was not qualified as a complete system configured just
like the Grand GuIf LSS. What that means is that there isn't any qualification data that
pertains to string accuracies, drift. or combined tolerances at the system level. However,
since this was a real time aging program it could be assumed that the qualification
tolerances consider all effects including power supply effects and long term drift.

What does exist in the Qualification Report Load Shedding and Sequencing Panel. dated
October 31, 1978, are environmental test results. Appendix A or this report is test
procedure TP 2699-1005-1, Rev B. This test data is taken at ambient conditions and
section 5.11 adjusts the trip point to be within = 0.5 Vac. Appendix B contains multiple
copies of TP 0423-2757, Rev A (card level test procedure) performed at different
temperatures. Paragraph 1.3.7 adjusts the trip point to 108 = 0.1 Vac. Paragraph 1.3.11
verifies the trip voltage. The stated tolerance is 108 = 1.2 Vac (x1.1%) but the actual
nieasurements were much closer at 107.94 Vac at 0°C (0.06%) and 107.37 Vacat 60°C
(0.6%).
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FTI engineers also reviewed the engineering notebooks for the engineer responsible for
the system, and we expanded the data search beyond the Grand Gulf specific data and
reviewed other engineering notebooks in the same time frame (33 years ago)} toseeif a
different engineer may have performed calculations related to the Bistable card. Page 6
of Engineering Notebook #503 (Robert L. Wolkowitz0 shows calcuiated bistable circuit
variations over temperature from 23° C to 60° C at input voltages from 80 Vac to 140
Vac. The maximum variation in the trip point across this range is §.941%.

4. onius ons

The data identified that relates to the Bistable sefpoint accuracy is summarized in the
table below. We were not able to identify specific analytical calculations related to the
Bistable accuracy, or the basis for the statement in the System Instruction Manual. It was
deternuned that the power supply accuracy is specified to be 0.1% for testing purposes,
the temperature effect data is contained in the system qualification report (worst case
tested 0.6%). and no data specifically related to long term drift was identified. The data 15

summarized below.
Reference Temp Effect Power Supply Drift
Accuracy Effect
Tolerance 1.1% NA 0.1% NA
Measured 0.02% 0.6% NA NA

NA —Not Available

The test data while not specifically testing individual parameters, does provide evidence
that all factors are included in the 1% stated accuracy including temperature effect. power
supply effect, and drift.



Attachment 6
to GNRO-2015/00012

LSS Reset Information



Attachment 6 to
GNRO-2015/00012
Page 1 of 1

GEXTI 2011-00032

————— Original Message------

From: joseph.fitzgerald@ftiengineering.com
[mailto:joseph.fitzgeraldeftiengineering.com]
Sent: Thursday, December 08, 2011 11:04 AM
To: BRYANT, TIMOTHY M

Subject: Re: another LSS bistable question

Tim:

The reset would have the same accuracy as the trip, but that isn't the
number you have cited here. The deadband is basically generated by a
diode forward voltage drop. The diode forward voltage drop is
typically 0.7 vdc, but can vary +/- 0.5 vdc depending on the diode.
However, for any given diode it will be very repeatable. So the 0.5vdc
isn't ‘an accuracy, it is a range.

Joe

Joe

>

As discussed previously, we are assuming a reference accuracy of 0.2
volts for the setpoint accuracy of the bistable trip which is
conservative based on the FTI report 10090230. We also assume a drift
of 1.03 volts based on a review of actual calibration data. For some
reason we are also assuming a reset deadband of 0.7 +/- 0.5 volts.
Would it not be reasonable to assume the same accuracy for the reset as
for the trip? I should have asked this question earlier but apparently
neglected to do so. Your help is greatly appreciated.

>

Thanks,

Tim

vV V. V V





