
~
~Entergy Entergy Operations, Inc.

P. O. Box 756
Port Gibson, MS 39150

Kevin Mulligan
Site Vice President
GrandGulf NuclearStation
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 (~DAMS Accession No. ML14216A383).

Dear Sir or Madam:

Entergy Operations, Inco is providing in Attachment 1 a response to the Reference 1 Request for
Additional Information (RAI). The RAI 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.

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

Sincerely,

•

KJM/tmc

y~--.. -------."
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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
93/08630 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-Q1 B21-K114 or JC-Q1 E12-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-Q1 B21-K114, a conservative AV of 115 seconds is
being proposed for the ADS initiation timer. Based on the revised calculation JC
Q1 E12-K093, a conservative lower AV of 10.6 minutes is being proposed for the
Containment spray timers.

Per calculation JC-Q1 R21-90024-1, 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-Q1 R21-90024-1 , 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-Q1 P81-90024, 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-Q1 P81-90024, a conservative lower AV of
3605 VAC is being proposed for the Div 3 Degraded 4.16 KV Bus Voltage.

Per calculation JC-Q1 P81-90024, 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-Q1 P81-90024, 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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2) 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 & 8
Containment Spray Timers is listed in this section as ~ 10.25 min. However, the
Technical Specifications in Attachments 2 and 3 (TS pages) list the Current AV as
~ 10.26 min. Please explain the inconsistency with the value reported for Sys A &
8 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.

3) In Attachment 4 of the LAR, the licensee provided its calculation JC-Q1 821-K114,
Instrument Uncertainty and Setpoint Determination for the System 1821-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 S 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, "1821 CK005A,8, 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-Q1 E12-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 ~ 10.26 min and S 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.

b. 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.

c. Section 4.3, 1E12K093A, 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-Q1 R21-90024-1, 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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10 Amp Control Relay
Non-latching, Latching & Timing Versions

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

AGASTAT

<i File LR29186® File E15631

GP1ML/TR senes

Catalog 1308242
Issued 3-03
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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.

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.

Contact Ratings and Expected Life

Power Factor Number of
Current or Electrical

Voltage lAmps) lime Constant Operations
540 VAC 3 COS 0 =0.5 15,000
380 VAC 15 Resistive 10,000
380 VAC 10 Resistive 200,000
380VAC 3 x 3.3 COS0 =0.8 200,000
220 VAC 20 Resistive 20,000
220 VAC 15 COS 0 =0.5 20,000
220 VAC 10 Resistive 400,000
220 VAC 3x6 COS0 =0.8 200,000
220 VAC 5 1,500,000
220 VAC 5 Resistive 3,000,000
220 VAC 2.5 COS0 =0.25 2,000,000
220 VAC 2 Resistive 15.000,000
nOVAC 1.25 Resistive 30,000,000
120 VDC 1.5 Resistive 20,000,000
48VDC 10 Resistive 1,000,000
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ZThis diagram illustrates

amplification obtained
by the articulated
operating mechanism.

GP/ML/TR Design Features
Among the advances AGASTATcontrol 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
AGASTATcontrol 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
life 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.

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

Inductive
---- Resistive

Dimensions are shown for
reference purposes only.

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

Specifications and availability
subject tochange.

www.tycoelectronics.com
Technical support: 917
Refer to inside back cover.
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Initial Dielectric Strength
Between non-connected terminals: 2,OOOV rms, 60 Hz.
Between non-connected terminals & relay yoke: 2,OOOV 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 & nOVAC, 60 Hz. Add series resistor for 38G-440VDC;

12, 24, 48. 125 & 250VDC.

Operate Data @ 20°C
Operate lime 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 lime: 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.

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
Nominal Coil Voltage 12 24 48 125 250

AC,50/60Hz

24 120 220

Environmenal Data
Operating Temperature Range: O°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.

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

Minimum Pick-up
Voltage at 40°C 9.5 19 38 100 200 20 102 188

Maximum voltage for
continuous use 13.5 27 53 143 275 27 137 245

For 380VAC- Use 6800 ohms 4 watt resistor in series with nOVAC relay.
For440VAC- Use 8200 ohms 6 watt resistor in series with nOVAC relay.

Drop-out voltage is between 10% and 40% of the nomninal voltages for both DC
and AC (Forexample: in a 120 VAC unit, drop-out will occur between 12 and 48
volts.l DC relays will function with unfiltered DC from a full-wave bridge rectifier.

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
Typical Part No... GP"

1. Basic Series:
-; GP ~Non-laichingControL Relay fy1L = fy1ag'netic LatchingControfRelay

2. Coil Voltage:
A = 12VDC
B = 24VDC
C = 48VDC
D =125VDC
F = 250VDC

G = 24VAC. 60 Hz.
I = 120VAC. 60 Hz.
J = 220VAC, 60 Hz.

3. Options:
N#tv1~gn~ti9~lo~:-9utDElyice.•... ...•... .... .....i ...• ' .' ..'

, Q 'bo:. Light to indicate coil~nefgization(Gpon'Y:, ..120yAC; .125VDC. nOVAC ar')d 250VDC voltages only.). '. .
R = Internaldiodetosuppresscoil.de-energiz?tion:tran'siElriL (GP·9nly.W~enused'on.DC unit. relay rElleasetime increases tosc:U:Devalue asAC unit).

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

Outline Dimensions Wiring Diagrams (Bottom Views)
DC

A.C.

IL£-'I
~YII

II ..WMJ...

rI"4II ~
1.93

[
4.30

109

4.64L118

~-----i'--"t

Dimensions are shown for
918 reference purposes only,

Dimensions are in inches over
Imillimeters) unless otherwise
specified.

Specifications and availability
subject tochange.

www.tycoelectronics.com
Technical support:
Refer to inside back cover.
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TR series
10 Amp Control Relay - liming Version

120V 240V
SO/60HZ SO/60Hz

2.5

125V 125V
DC DC

\

Inductive
--- Resistive

Currenl Amps

0.3 0.5
30 r---.--..,....-~~--,-----,.----,--,
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Mechanical Data
Mounting Terminals: 16 flat base pins. Screw terminal sockets are
available.
Weight: 11 oz. (311g) approximately.

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

2.:Jt--+--+--+-----.,I---\---t\---\t--l

Load Life Curve

III

] 20 ~rl---+J.....~~-r----+-+--l
I
~t10

'0.8 5t-----t--.--\-+-----t-.----'r-t\:--t---l
§
z

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

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

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

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 SSCTimer.

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.

Accuracy:
Repeat: ±2% as fixed temerature and voltage.
Overall: ±5% over combined rated extremes of temerature and voltage.

Reset Time: 75ms.

TR Features
• 8 timing ranges.
• 4 SPOTcontacts.
• 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.

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 Ute: Mechanical: 100 million operations.
Electrical: See load/life graph.

Initial Dielectric Strength
Between terminals and case and between mutually-isolated
contacts: 2,OOOVAC.

Timing Specifications
Operating Mode: On-Delay (Delay on energization).
liming Adjustment: Internal fized or internal potentiometer.
liming Ranges: .15 to 3 sec. 4 to 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.

Ordering Information
Typical Part No. >-

1. QilsicS.eries:>.. .
TR= Timihgcontrol relay

I = 120VAC, 50/60 Hz.

2. Operation:
1 = On-delay

3~ Output:
4= 4PDT(4 form C)

4. Operating Voltage:
B = 24VDC

5: Jiming~~justment:
1 = Internal fixed.

1

0= 215VDC

'3 = Internal potentiometer,

4 B 1 A N
Wiring Diagram (Bottom View)

7.0p~ions:

N'= ,Magneticblow.,out device.

6. Timing Range:
A = .15 to 3 sec.
B = .55 to 15 sec.

C = 1 to 30 sec.
o = 2 to 60 sec.

E = 4 to 120 sec.
G = 10 to 300 sec.

I = 2 to 60 min.
N = 1 to 30 min. Outline Dimensions

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 areshown for
reference purposes only.

Dimensions arein inches over
(millimeters) unless otherwise
specified.

Specifications and availability
subject to change.

www.tycoelectronics.com
Technical support: 919
Refer to inside back cover.
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Accessories for GP/ML/TR series control relays

Front connected sockets

Cat. No. CA0001
With captive clamp terminals

Cat. No. CAOOO2
With (#6) binding head screws

Cat. No. CR0095
With (#6) screw terminals

(BOTTOM VIEW)

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

1----- 3.~8-----

Hold down (locking) springs

Cat. No. CA0111
For sockets: CR0001 & CR0002

Cat. No. CR0070
For socket: CR0095

Cat. No. CR0069
For socket: CR0067

Heavy-duty hold down (locking) straps

*Cat. No. CR0133
For socket: CR0001 & CR0002

*Cat. No. CR0155
For socket: CR0095

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

Magnetic blowout device Extracting handle

Cat. No. CR0190
Reduces arcing on the
relay contacts when they
make or break contact,
either upon energizing or
de-energizing, resulting in
less contact degradation.
Extends the life of the
contact.

Cat. No. CR0179
Used to remove Gp. ML and TR
units from mounting bases.

Dimensions areshown for
920 reference purposes only.

Dimensions arein inches over
(millimeters) unless otherwise
specified.

Specifications andavailability
subject to change.

www.tycoelectronics.com
Technical support:
Refer to inside back cover.
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(Delay on Energfmtton).
Apptying acontinuous .vottage. to the Input
terminals (Bl-B4)st8rts a timedelay lasting
for the preset limeperiod.O&lringthis period
thenormally closed contlClS(Fe....M-R Se1S)
remain closed. At theendof thedelay perfod,
thenormally closed contacts break andthe
normally·open contacts (Foul M·Tsets) make.
The contat1s remalnln this posltlon until the
relay is deenergiZ.ed. at which timethe
oontactsinstantaneously retumto theirnormal
position. Deenergizing therelay. eitherduring
oraftefthedelaypenod wiD recycletheunit
within J115 68C0nd.1t wHlthen p4'0Vide 8 full
delay pericd.uponreenergiZatiot't. regardlesS
ofhowoften th8 .\IOhage. is intenuptedbef018
theunithasbeenpermitted to Aflme-out" to its
fuO· delaysetting~ .

+ INPUT

DC
S&lInI')'

RoC Yslu8I

NOMINAl. R C
VOLrAGE OHMS
VDC . :t5% WATTS UF vee

12 62 2 5000 15
24 240 2 2000 50

48 1000 2 SOD 100·
125 6200 , 2 150 150

MLSerte8 Rel8yfotDC openJtJon
wM II nnlator/c:apaclto, nutwork

I,
ResiStor',
ta:»amor I
Netwolk· i

I·

Continuous Duty.Wlrtn,g
Since thedoublewoundcoUdoesnothave a
contlnuous,diJly.niting.voIt3gepuisesto the
coils shlJulcf notexceed a ratio of400/0 anr. to
60% oft·wilhmaximumpower--on p9riods not
to exceed 10minut9S.
" continuous energizing only is available,
a resistorlcapacitor netwom shoUld be
connected asshownbelow, In. this·case the
shonest time betWeen two operations muSt
notbelessthan5seco~.
Thetelaywifl alwayS assume the energized
position in theewent of both. windings being
energiZed slmUltaneo.my.
It is advisable notto putanoUler load in
paraJlel with thewindings of the ML relay.

~'NPUT ... n.·... ENERG1ZEO----J" ,.......---O£ENERGIZED
I

:~INMI n-~:~:
• I

I r-' .. .CLOSED..N,C; CON1'.CTS .
(FOUR M-ASEl'S) I I . . OPEN

, I CLOSED

~u~=)1 L
OPEN

SERIESEML
MagnetfcLatch
Application ofa voltage toth~latching input
(81-84) WlUeause ther.)' tolateh lri(MaJc8
the N.O.Contads;break theN.C. Contads):
When thisvohage isremoved.fhe relay WIll·
remain .In'hts''Latehed'" condition; AppflCation
ofa voftageto the un-latching input(83-84) .•.
willca\JS8 the relay to dropout (Break theN,O.
COntaets.malcathe N.C. ·Contacts). When this
voItagelsnJmovedthe relaywiRnJmainin this
·Unlatched·ccndition~· .

Wiring DIagram (WIring and
COnnectlol1S)
TheMLrgjay hasthree terminals for the·.: .
windings: latching winding between terminals
81 and 84, un-tatchlng Winding between
1ermlnals B3and 84.
The MLReJay Is l"IOt symmetrical dueto its
three coiJc:omections.
The relays arenonnally ·delJvered poIattze<I so

-, that termlnaJ B4carrfes 1henegative voltage.
/ 1b reverse thepolarity. a deenenergtzeJ··
energize cycfeshould becarried out usinga

.voltage 50%greater than1henonna.l rating.

J1JL't, l~~tl lU:jUAM

SERJESEGP
Pf)WerReiay
Applying aconttnuous voltagE! lathe Coif .
(e1-~lenergizesthe coilMdinstantaneously
transfet8 the switch. breaking ttlenormatly .: .
dosed contaets·(M1~Rl; M2·A2~ M3-AJ.
M4-R4>:and makingthenormaJly open.:
contacts (M1-T1. M2·T2.M3~T3. M4-T4).The
contacts remain inthistninsferrod positiOn
until thecoil is dsenerglzed. at whichtime the
switch imrtantaneousfy ,.tums the contadsto .
theirQrigi~8rJ:lOsition;
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1,0 arrtP. 1.0 amp. 1.0 amp; 1.0 amp. '.0 amp.
10.0amp. 10.0amp. 10.0am~ ~10.0 amp.. 10.0amp.
500M"tn. SOOMirt SOOMin. 500Min; SOOMin;

'.500 '.SOO '.500 1,500 '.500
1.500 '.SCO 1.500 1,500 '.500
NA NA :;% NA :::5%

, ,

EQP EML

NORMAL OPEMTlNG·SPEClRCATlDN8 .wrntDCCOILs

75msMax.

8Apprx~

NA
NA

No. Uo~4

156
95

2.0X1Q1 (Gamma)

WlTHM:COIlS

MAX•

EGP . ETA

85ms Mu

6Apprx.
NA
3SmsMax.

AJJSpec~ AsSpec~

85% Min. 85%MIn•.
5-45% 5-50%
1100f0 Max. 1100/0 MalL

AsSpec.
8O%Mn.
5-45%.
1100/0 Max..

7()'104
40-60

Atmospheric

ETA

"NORMAL

15Appm. 6 Apprx.
13~ NA
25msMax. NA
With min. latch
pulse of
35ms.
20ms Max. 75msMax:
With min.
latch
pulseot
30ms.

2SmsMax.

6 Appnt.
NA
3OmsMax.

As Spec. AsS~
80% Min. 85%Min.
5-45% 85%Min.
110%Max. NA

.
, I

Contact Ratings, Continuous
Resistive at 125vdc
Resistive at 120VSC. 60HZ .

InaulationReslstance (In megohms at 500we)
OieledJiC (vrtnS, 60 Hz)

.BetweQn Tem,Jna}s and Ground
BG1ween Non-aJnnected TermInals

RepeatAccuracy .. .

RBlay Refease (Recycle) Trme

T&lfl1I,rtN~l,AL ~ ~~V 1GB

OPERAnNGCHARACTERISTlCS'.

PAlWJJmR:· . MIN.
Envfronmental conditions (QuafjfiedUfe) .... series EGPJEMLJeTR

Coil Operating VO!tage. Nomirial (rated)·
Pul-fn(% of1'81ed value)
Orop.;out (% of rated value).
COntinuous (%of ratedvaJue)
Power (Wattsat ratedvalue)

PuU-In
OroP«lt

Relay OpetateTime

openltingCOnditiOns, 'NOrmal Environment - series EGPJEMUETR

.~ture eF> 40
Humidity (RH. %) 10
Prossute ''''-, -
Radialion (rads)

JUI. LL 1~ ~ lj 1U: J1AM

Operating Conditione. Abnormal Environment- series EGP/EMl

85·110
8().110
85·110

AtlVEASE OPERATlHG SPECIFICATIONS· NORMAL

TerTiperature rF> . 7()'104
Humidity (Fttl %) .• 40-00
CoilOperating Voltage (%of rated)·

AC(5e11es EGP only)
DC(5enesEGP only)
DC(SeriesEMlonlY)

Relay OperatsTime (ms)
AC(series EGPonly) 35 Max.
DC(SerlesEGP. 5eries EML) 30~u.

.DB"A"

40
1Q.95

85-110
8Q.110
85-110

35 Max.
2SMax.

OS "8" DB "C· DS"O"

120 145 156
1G-95 '0·95 10·95

as-nc es.110 85-110
80-110 80-110 80-110
85·110 B5-110 85-110

35 Mix. 35 Max. 35Max.
37 Max; 40 Max. 4OMu.

ADVERSE OPERATING SPECIFICATIONS. wmt DC COILS W1TttACCOILS

C"'I.Operating Voltage (rated)· AsSpec. •
Pull4n(" of rated vaJue) 80% Mm. '
ContinuoUs (%ofratsd value) 110%Max.
Otop-out (%ot rated value) 5-45%
Power (Wattsst rated value) 6 #\pprx.

ReJsy·Release (RecycIe)11me 75msMax~
Contact Ratings, Continuous

Resistiveat 125vde 1.0amp.
ResIstJve at 120 vae, 60 Hz 10.0amp.

AepealAccuracy =10%

As Spec.
850/0 Min..
1100/0 Max.
5-50%
SApprx.
75msMax.

1.0amp.
10.Damp.
::10%

• All coilS maybe operated en intetminent <kItY cycles at Vcltageal0%atlov&li6ted maximums
(Inlermlttent Outy... Maximum 50%dulycycleand 30 mlnutea -ON"time.)

ThDll1llSliBetts,



p..... n19
• 'oJlNo. 0854

MODEL
COIL 125VOC
SERIAL. 78140028;

Thomas &Betts COrporation
Memphis. TN 38119

EXAMPLE
In 1he datecode "7814"beloW:
"'78'" indicates theyear1978;
-14· indicates the 14thweek
(or April 3 through AprIl 7):

xx XX
Rrst two digitsindieate !he Iyear. _

second two cf19i1s indicate theweek. --J..

APPROXIMATE WEIGHT 
SerleaEGPJEMUETR
11b; ,

TRANSIENT PROTECnON ...;;
8erie8ErR Only
A1500volttransient of lessthan 100
mmseconds,or1000 volts of lessthan 1
milllsecoMdwilJ nataffect timing acCuracy.

MECHANICAL UFE 
Series EGPIEMLlEtR·
1.000.000 mechanical apemtions

CONTACTRATJNGS, UL 
SeriesEGPIEMLOnIy
Conlactratings as listedunder1M .
Underwritel'8lBboratory Compo.nent
Rec09nitiorrProgram;(TWopoles perload):

113 Horsepower. 120vsc
10 amps. Genn Purpose, 240vae
120vdc•• 1.0 amp

Jut lLIH~ij lU:jlAM T&M TKCHNICAL SERVICE
CONTACTRAnNGS - REPLACEMENT.SCHEDULE....
senes IEGPIEMUETR Series·EGPIEMUE1"A.·
Contact CapacityI" Am,.... (ReslstfvG) The quatffied Uf8. ofUlese rvlayt; Is25.000

Co . . '. electrical operations or 10 yearsfrom thedate
. ntaetMIn.1.000,000 of manufadure whlc:hever occurs first
Voltage Operations ... ,.

-"'""- -+--.00...:;..;;,;...;;;..;,;.;;;.;.;.:;............ The date ofmanutaeturecan be found in lhe
24 vdc 10.0amps firstfour (4) digits of the serial number onthe

125vdc . 1.0 amp. nameplate:
120 vee. eo Hz 10.0amps
240 vac, 60 Hz' 7.5 amps

li-
D'"

11-

TIMING ADJUSTMENT 
Series ETR Only
IntelnalFIXed· • ..~
Internal Potentiometer

4 to 120sec~
• , Oto 300Sec.

2 to 60Min.
11030 Min.

TIME RANGES 
Serlee ETA Only
.15t03 see.
.55 to 15 sec.
'1030 sec:
2to605ec..

REPEAT ACCURACY 
serieS IETROnly
The repeat accuracy deviation'(~) ofa
timeodelaYl'9fay is a measuru oHhem8JCi·
mum deviation in the time-delay that wiU be
experienced in five SUCC8S$Ne operations at
anyparticular. limesetting ortherelay and·
overtlieoperating voltage and temperaturu .•.
rangespecified~ Repeat accuracy 18 obtalried
tram thefollowing formula:

~=~OOm -T,)
(T1 + T2)

Where -
T1 II: Maximum Trme Delay
T2 :: Minimum 11me Delay

.NOTE "
Amerace Corporation does notrecommend
theuseof ttsproduets in IhecqntalnmenP
areas ofNuclear Power Generating Stations;

15



JU l. ttl ~Hti lU: jZAM

Alldimenstons in inches

•156 DIA~ MTG.HOL£S
(MTG. SCRaVS SUPPUED BY CUSfOMER)

l
3.49
MAX.

......-----5.56MAX..........------e-I

200 OIA. MTG..
AOLES{2 PLACeS)
(MlG'. SCREWS'.
SUPPLIED BY
.CUSTOMER)

""'-,48 REF.

14------5.51 MAX.-----41101

....----3.41MAX.----+1

M---2.50---iH

• I

t I

OuaJiraUCn testedinthe horizontal position; mounted in socket ECROO95-001
(SCI'eV( terminBls) with locking strapECROl55~ .

SERIESEG~ EML and.ETA

Oualtftcation tested In lhet'loriz0ntalposition~ mounted in SCJClcst eCROOO1-OO1
(captive dampterminals) orin Socket eCROOO2.Q01 (screw terminals) with lockingsttaps eCR0133.

11_··

series EGp, 'EMLand ETAAGASTA~
control reJsy1I mustbe mountsd In the
horl2OntsJposition; performance
epeciftcatlona of these units ani wllcl only
whenthey'are.mounted·a.lndlcated In
eitherof thoabowd~ng~

tt •



CONAOURAnON
CODE-•TIME

RANGE

CODE
003

CONfiGURATION
CODE-

•TIMING
ADJUSTMENT

•COIL VOLTAGE

COcE
Ii -12VDC
I ~ - 24VDC

DC C - 48VDC '

ll
D -125VOC
E -110VDC
F - 250 VOC (SeriesEGPOnly)

r1.- 24VAC 60Hz(Series EGP Only)
• H - 48VAC 60Hz(Series EGP Only)

ACU•· I· - 120VAC 60Hz (seriesEGPOnly)
J - 220VAC 60Hz (Series eGPOnly)

·CONFIOUAA11ON CODE·
TheConfiguratfon Code is a suffix tothe
CatalcgNumber Codewhich ptOVides a
means of identification. When Bslgniflcant
prodUCt change is introduced, the·:
Configuration Codeandspedfication
sheets willbe revised frc?,m 003to 004. e~

,
OPERAnNG

VOLTAGE

CODE
GP;...; Power

Relay·

ML - Magnetic
Latch

•

AGASTATe
( CONTROL
•RElAY MODEL

AGASTAre
CONTROL

RELAY·MODEL

..CODE
, E

NUCLEAR
SAfETY
RELATED

•NUCLEAR
SAFETY
RELATED

CATALOG NUMBER· CODE·- series ETA

CATALOG NUMBER CODE .~. SeriH EGP and EML

eOOE
E

CODE
TAu .... Tnne

Delay
Relay
(Delay
an
PuB·ln)

eOOE
r-::

DC B-24VDC
L..J! - 125VDC
r--

AC I - 120VAC 60Hz
L.--

eOOE
1-··lnlemal

FIXed
3- lntemm

Potentiometer

eo~e
A - .'5 to 3 sec.
S - .55lo15 see.
C -1 to30 sec.
D .;.. 21060 see.
e - 4 to120 sec.
G - 10 to300 5eC;

I - 2to60min.
N - 1 to 30 min.

CODE
.003

II,

"CONFIOUAATIONCODE
TheConfiguration Code is asufflx10the
catalog Number Codewhlch provides a
means of identification. When a signifICant
product change is Introduced. the
Confl9uration Code arid specification sheets
will be revised1rom 003to 004,etc.
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Dec. 1991·- Paintchange to timing
head portion of relay. New paint:
Prime coalingsNo. 28032Enamel.
No primer is used with this finish.

Code-· 003
Maroh1989;. PAint change totlm
ing head pe>ftlonof relay. New
paint: Sherwin WHllanls E61YC37
primer and PPG· W48392 silver
polyester top cOal.

Contains all materials presenll·Sept. 1981 - Baslomer gasketmate
In onglnal qUsliflcallon testing.· . rialchange to improve Ihennalaglng

properties..• Material changed for
Buna N or Neoprene to Neoprene
only.

,Relay Classifications
Control Code Sunjmary

EGP I Contains all materials.pr8sentl· Nov. 1981 -.MateHaf change to con IDec-.1987 -.Materiat change on.1 Dec. 1995-Material.changeonbob
In original qualiflcaliontes1ing. wrapping tape and lead wire Insula- leaf spring from nickel copper ie bi.·"from.. Nylon Zytel 101.:to Aynite

tfon to improve thennallife. berylliumcopper. FR530. Materiat change on base
from Melamine Phenolic to GrUon
PMV-5HVO.

~;-:-.

<d"
1:")

::0
:=;)

<::>
~

::n.....~
;:ry

ECROOOl r Contains all materialS present I. June.1989- material change from
In original qua!rftcallon testing. NoryIN..225sId. black 10Noryl SE·I

701M black.

.
EML I Conl~lns aU materials present/. Nov. 1981 .;. Material change to coil I·Dec. 1987 -.Materiar"~hange on ~ Dec. 1995 ..Malerial change on bob

In original quaUflCBUon testing. wrapping tape and lead wire insula-. leaf spring from nickel copper to . bin fro.m.. Nylon Zytel 101 to Ryolle
tion to Improve thermal life. • beryllium copper. FR530. Matenal change on base

from Melamine Phenolic to Grilen
PMV-5HVO.

ETA I Contains an materials present I· Nov..1981.• Matenalchal1ge to coD IDec. ·1987 - Matenal change onIDec. 1995· Material change on bob-
in original quaHffcatlon testing•• wrapping tape.and lead wJre insula- leaf ·sprlng from nickel copper to bin from Nylon Zy1el101 to AynUe

tion to Improvethermallife. berymum copper. FR530. .Material change on base
from Melamine Phenolic to Grilon
PMV-5HVO.

:~ ..~
"41

~.,.-:...~:...

~

ECROO02 I ContaIns all rnaterials present

In .0.: ".""q..U81ificatJ.0.·." ....tes.uno..IJ.U".e .198.9.. -...• material change from.. .. . Noryl N--225 std. black to NorylSE·I·
ECR00951· Conlalns admaterials present 701AAblack.

in originalqualificationtesting.

ECA0133 I 'Contains aJlmater1als present
'n original qualification testing•

ECA0155 J ContaIns all materials present
in orlglnalqualfficalion testing.

".
.:i:.;l
..",.."')......
:>.
~
JO:J
ZJ

.;.;a
ex:
-:;l......
z;
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RECORD OF REVISION

N/A 6/15/04 VMA 04/0055 (PE EVAL 8572; replace pg 44 - VSW
Table 6 Spare Parts List)

N/A 1-23-03 VMA 03/0016 (ER 2003-0029-000-0; replace pg 44 DGO
- Table 6 Spare Parts List, add VMA pg. 3 through 6
behind Table 6

N/A 4-23-02 VMA 02/0045 (ER-GG-2001-0091-000 Rev. 2; GLA
replace pgs. 43 & 44, add VMA pg. 4 through 8 to
back ofmanual, add Technical Data Sheet - VMA
pg. 9 through 44 behind installation instructions)

N/A 8-6-91 VMA 91-0037 AM
N/A 8-5-83 MNCR 83/0733 PR

REV DATE DESCRIPTION RESPONSIBLE
ENGINEER
INI:rIALS
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DIRECTIVE REFERENCE SHEET

The directives listed below reference this manual for use in accomplishing an operational or maintenance activity. Any
revision to this manual requires that each directive be reviewed
for conflict.

DIRECTIVE NUMBER DIRECTIVENUMBER DIRECTIVE NUMBER DIRECTIVENUMBER

06-EL-IR21-M-OOOl 06-0P-IR21-M-0002 07-S-13-R21-1

-.

VENDOR MANUAL NO. 460000245
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~IH22P331

~IH22P332

•

•



I
• ~., I

TABLE OF CONTENTS

SERVICE CONDITIONS

CIRCUIT DESCRIPTION

SYSTEM DESCRIPTION

THEORY OF OPERATION .

Page

1

2

3

4.

4

4

6

6

6

6

7

7

8

8

8

8

9

9

9

10

10.-····~

13

18

19

19

22

22
.....

23 \

26

27

28

. .

. '.

• e "

. . . . . . . . . . .

i

Control Panel Switches and Indicators .

Bistable Adjustments

Input Calibration ...

Bistable Trip Points

Timing Adjustments

Sequencer Steps

Time Delays and One Shots

Breaker Closing Logic .

Output Test and Block Logic

Cabinet Assembly

Cabinet Assembly Details

Sequencer Logic

Input Relays

Bistable Panel

System Logic

Input Buffer Logic

Bistable Logic

Operating Mode Logic

Relay Drivers .

Auto Test Logic

Output Relays . .

Digital Isolators

Control Panel . .

Power Supply Panel

7.1

7.2

7.2.1

7.2.2

7.3

7.3.1

7.3.2

INSTALLATION

CABINET DESCRIPTION . . . . .

LSS PANEL .OPERATING INSTRUCTIONS

5.1

5.2

4.1

4.2

4.3

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.3.7

4.3.8

4.4

4.5

4.6

4.7

6

7

5

1

2

3

4

Section

I
,I
I
I
I
I

-
I
II
I
I
I
I

:-
[1 I



I

.~
I
I
I
I
I
I
I
II
I
I
I.
I
I
I
I

-"
II

Section

8

9

TABLE OF CONTENTS (Continued)

7.4 DC Input Power.

7.5 Initial Start Up .

TEST FEATURES . . . . . .

8.1 Manual Test

8.2 Automatic Test.

8.2.1 Automatic Test Circuit Description.

8.2.1.1 Test Input Generator.

8.2.1.2 Input Diode Matrix

8.2.1.3 Buffer Logic

8.2.1.4 Fault Logic ....

8.2.2 Operating Instructions.

8.2.3 Automatic Test Sequence.

MAINTENANCE, TROUBLESHOOTING, AND REPAIR

9.1 Spare Parts ....

ii

Page

29

29

30

30 "

31

31

32

32

32

32

33

34

41

42



I

'It
I
I
1
I
I

I',

I
I
I

:-
[I

LIST OF ILLUSTRATIONS

Figure Page

1 LSS Panel - Block Diagram . . 5

2 LSS Panel - External View . . · . . . 11

3 LSS Panel - Internal View . . . 12

4 Control Panel . . . . . 14

5 Bis table Panel . . 15

6 PC Card File 16

7 Step Card . · 24

8 Time Delay/One Shot Card . . · 25

iii



LIST OF TABLES

Control Panel Switches and Indicators

Bistable Card Trip Point Adjustments

iv

I

'~-I' Table

I 1

2

I 3

4

I'
5

6

I
I,
I

--
I
I,
I
I
I
I

:-
I ~

I

Timing Adjustments

Automatic Test Sequence . . .

Automatic Test Inputs •

Spare Parts List

. . . -. . .

Page

19

26

27

35

39

42



I
I.-
I'
I:
I
I
I,

I
Ie
'.
I
I
I

,.t.

I
I
I
.~.

I.
I

Section I

SYSTEM DESCRIPTION

The Load Shedding and Sequencing Panel is a solid-state digital system

which monitors bus voltages, offsite power sources and accident conditions,

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 sequencer~ with both Manual and Automatic Test capability. Solid

state circuits are utilized for all system logic and timing functions while

keeping equipment compatible with existing equipment by using input and output

buffering relays.

1
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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, andmoni

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 BUY con

dition only, a loss of offsite power (LOP), and a LOCA condition, respectively.

A BUV sequence 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 voltage 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 condition has been detected,

loads shed, and vital bus voltage made available via connection to the preferred

offsite power source or diesel generator if a BUV condition simultaneously

existed.

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

Function Logic Diagram, LSS Panel.
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Section 3

SERVICE CONDITIONS

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

ature of 80 ±40oF 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:

I
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REQUIREMENTS

Voltage:

Grounding:

Current drain @ 125 V dc,

Typical (standby condition)

Maximum (activated condition)

LSS Panel Fusing:

ESF

105-140 V dc

Ungrounded

lA

3A

7A (slow blow)

3

BOP

105-140 V dc

Ungrounded

100 MA

500 MA

none provided
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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 pro

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, which 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 connected directly 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.

4
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Figure 1. LSS Panel - Block Diagram
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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 trip 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. Anyone 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 ±l% of initial setting. Each bistable card has a nom

inal time response of 20 milliseconds and a hysteresis band not to exceed 1% pf

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 andctermination 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

6
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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 momeBtary output signal is

generated to operate 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

7
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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 term~nal 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 lOA 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 lOA at 120 V ac.

8
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The BOP output relays are Agastat type GPO 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 requlrlng 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 relays 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 dc 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.

/
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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:

a. Control Panel Assembly

b. Bistable Panel Assembly

c. Card File Assembly

d. Power Supply Assembly

e. Relays

f. Digital Isolator Assembly

g. Isolation Barrier

h. Terminal Blocks.

10
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Figure 2. LSS Panel - External Vi~w
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Figu're 3. LSS Panel - Internal View
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5.2 CABINET ASSEMBLY DETAILS

For cabinet asseibly details, see callouts in figures 2 and 3. The con-.

trol panel .(A), as shown 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 i~ figure 5, contains

panel meters for monitoring potential transformer input· voltages, and test
I

jacks, calibration sWftches, and potentiometers which provide the capability

for calibrating each ~istable channel and manually testing the bistable cir

cuits. In addition, ~tep down transformers are provided and utilized to iso-
I

late the input potential transformer voltages from the balance of the system.

The potential transformer inputs are fused for protection.

The card file as~embly (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 car4 file has card guides and positive locking ejectors for

installing and securi~g PC cards into the card file slots, and PC card edge con

nectors. All card fi~e wiring is by wire wrapping of PC card edge connector

pins and connector jack pins. The PC cards contain the solid-state electronic

components for the LSS panel system. The card file assembly contains 85 PC
I

cards representing 18 :different PC card types. Each PC card type is uniquely

keyed with the card edge connectors for that type, thus preventing incorrect
I

placement of PC cardsJ For part numbers, quantities, and locations of all

printed circuit cards refer to Vitro drawing 2699-1015, Card File Assembly.

The power supply assembly (D), contains a 24 V dc power supply and a

15 V dc power supply. An ON/OFF cylinder lock switch is provided to control

the panel 125 V dc ES1power source. Two red neon pilot lights are provided

to monitor the input ~25.V dc ESF and BOP power sources. Due to isolation
I

requirements, the BOP !pilot light is powered from the ESF power source, and

therefore, will only &ive indication of BOP power source status when the ESF

power source is availdble. In addition, electrical protection is provided by

indicating fuses instJlled in each leg of the 125 V dc ESF power source and by

transient protectors Jnstalled across the ESF power source. The 24 V dc power
I

supply is used to pow¢r all control panel indicators, ESF output relays, and
i
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Figure 6. PC Card File
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computer/annunicator output relays; the. 15 V de power supply is used to power

the solid state elect~niCs. The fused 125 V dc ESF power source is used to

power all i~put ESF r~lays. The power supply assembly also contains control

relays which provide s:equential application and removal of all supply voltages

during powering up and down of the LSS panel.

Four different varieties of relays (E) are utilized in theLSS panel.

ESF input and compute~/annunciator relays are located in a single vertical row'

on the inner side frame of the electronics bay section of the cabinet. ESF

output relays are loc~ted in five horizontal tiers across the rear of the
I

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 aigital isol~tor assembly (F), contains all digital isolators, associ

ated dropping resistors, and terminal blocks for wiring connections. It is

located in a cutout o~ the left inner side of the isolation barrier toward

the top of the cabinet.

The isolation barrier (G) is located in the rear of the cabinet terminal
i

bay and encloses all gOP relays and terminal blocks.
I

Terminal blocks GH) facilitate connecting each LSS panel to external equip-
I

mente ESF terminal bliocks are arranged in six vertical rows. Three rows are

located on each side of the cabinet terminal bay section. BOP terminal blocks
i

are arranged in one v~rtical row within the isolation barrier located in the
I

rear of the terminal bay.
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Section 6

INSTALLATION

Each LSS panel shall be installed in accordance with Vitro drawing 2699~
I .

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

output signals and primary power wiring connections shall be in accordance
I

with Vitro drawing 2p99-l004, External Wiring Connections.

18
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Section 7

LSS PANEL OPERATING INSTRUCTIONS
!

7 .1 CONTROL PANEL SWITiCHES AND INDICATORS

The control panel i(see figure 4) provides a centralized location for test

and monitor functions. Control panel switches and indicators are listed and

described in table 1.

FUNCTION

19

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

Lights when a real emergency only 70% bus
undervoltage is detected.

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

Lights when bus voltage is re-established after
a bus undervoltage condition. This function
is indicated under real emergency or manual
test conditions.

Control Panel Switches and IndicatorsTable

INDICATOR/SWITCH

BUV indicator

LOCA indicator

I
POWER RESTORED indic4tor

STANDBY indicator

EMERGENCY STATUS

I.Once an LSS panel 'IS energized and. the Auto Test switch positioned to ON,
i

LSS panel operation is ~ompletely automatic and requires no operator interven-

tion. An LSS panel doe~, however, contain controls, indicators, and adjust

ments to permit test, ~aintenance, status monitoring, and trip points and system
i

timing adjustments. Thr above features are available in the following forms:

control panel switches !and indicators, bistable adj ustments, time adj ustment

swit ches , and de power contro l .

I
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Table 1. Control Panel Switches and Indicators (Continued)
1
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INDICATOR/SWITCH

OFFSITE POWER AVAILABLE

1, 2, 3~indicators (3)

BREAKER STATUS

DG· BRKR CLOSED indicator

BREAKER CLOSURE FAILURE
indicator

BREAKER CLOSURE PRIORITY
CHANGED indicator

(DIV II only)

MANUAL ·TEST I..:

TEST KlDE indicator

I
, IBUV, LOCA, RESET.

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

FUNCTION

Lights when associated offsite power source
is available for use; indicates a permissive
for associated breaker closure signal upon
a BUY 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.

L~ghts 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.

..
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INDICATOR/SWITCH FUNCTION

Table 1. Contrpl Panel Switches and Indicators (Continued)

I
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AUTO TEST

TEST STEP display

I
ON, BLOCK/RESET switch

i

ESF OUTPUT STATUS

indicator and switch' pairs
(10 pairs listed belpw)

90% BUV

80% BUV

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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i
7.2 BISTABLE ADJUSTMEINTS

i.
The proper operatIon of the bistable functions in the LSS panel and,

I

~e'
I
I

Table 1. Control
I

I
INDICATOR/SWI~CH

CLOSE DG BRKR
PERMISSIVE

OUTPUT STEP STATUS

indicator and switch
Ipairs (10)

Panel Switches and Indicators (Continued)

FUNCTION

Indicates that a LOP condition exists, an
alternate offsite power source search has
failed, or a 90% BUV output exists all under
a BUV condition.

Indicator and switch pairs associated with
loading sequencer step outputs functionally
equivalent to theESF OUTPUT STATUS pairs.
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therefore, in the Power Station safety system requires accurate settings of
I

all bistable trip points. The input calibration adjustments maybe utilized
II .

to facilitate making ~ccurate trip point settings.
I

7.2.1 INPUT CALIBRATION. Input calibration of potential transformer inputs

may be accomplished a~ the bistable panel. Input levels may be monitored

locally by the panel ~eters provided on the front of the panels. However,

these meters have an ~ccuracy of only ~3 percent and, therefore, are not recom

mended for trip point 'adjustments. Monitor jacks are provided on the panel for
I

monitoring input leve l's with a more accurate voltmeter when making trip point

settings. A test cab~e is provided as an accessory for this purpose. To cal

ibrate an input l eve l , the following procedure is recommended:

a. Connect a voltm~ter to the desired potential transformer monitor jack
I

with the test cable provided. If a vacuum tube voltmeter (VTVM) is used, which is
, ,

recommended, allow at [least IS minutes for voltmeter to warm up and stabilize.
!

b. Place proper ca~ibration switch to ON. This ~ill insert the potentiometer

located below the calfbration switch in series with the associated potential

transformer voltage s~gnal.

c. With the calibrJtion potentiometer fully clockwise, approximately 100%

of the input signal iJ passed through. With potentiometer fully counter-
I

clockwise, approximat~ly 55% of the input signal is passed through. Adjust
I
I

Pot ent i omet er to the desired trip voltage for the bistable to be adjusted., I

I
I
I
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I

calibrati9n switch OFF and repeat procedure on next potential

signal. Continue until all bistable trip points 'are set insuring'

calibratidn switches are in the ON position at the same time.
!

NOTE

Due to short term changes in the potential transformer
I
i

voltages, c~re should be taken to ensure that the correct

calibration Ivoltage is set up at the time of making the
• • I •

trlp pOlnt ~ettlng.

Once a ~rip point has been set, it is valid only for the

slot the bistable card is in. If bistable cards are inter-
I

changed, trip points should be reset. All bistable cards

must be inslrted in card file before trip points are set.
!

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

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

to set all three bistJble trip points off that respective potential transformer
.j

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

the following procedu~e.

a. Locate proper b~stable PC card in the first tier of the card file.
I

Each bistable card is 'listed by function in table 2, Bistable Card Trip

Point Adjustments.

b. Set up desired trip point level using the calibration procedure of para-
I

graph 7.2.1.

c. Observe LED on bistable card. If it is lighted turn screw adjustment

on potentiometer loca~ed directly below LED counter-clockwise until LED turns
I

off. A screwdriver tdol is provided for this purpose. If LED is blinking,
I

ensure Auto Test switch is placed to BLOCK/RESET.
I

d. Slowly turn screw adjustment clockwise to precisely the point that the
I

LED turns on. The tr~p point for that bistable card is now set for the cali-

bration voltage level jset up.
I
I

transformer

that no two

signal.

f. Place

I

I
I
I

I

-
I

I
I
I
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I
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STEP 3

I

STEP 2 to) STEP 1 (5)

Figure 7. Step Card
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Figure 8. Time Delay/One Shot Card
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7.3 TIMING ADJUSTMENTS

POTENTIAL TRANSFORMER

PTl-(l)A

PTl-0A

PTl-0A

PTl-0C

PTl-0C

PTl-0C

PT2-(l)A

PT2-0A

PT2-0A

PT2-(l)C

PT2-0C

PT2-(l)C

NOTE

70% corresponds to 84.0 V ac

80% corresponds to 96.0 V ac

90 go corresponds to 108.0 V ac

Table 2. Bistable Card Trip Point Adjustments

I
CARD FILE SLOT I NOMINAL TRIP POINT

All sequencer ~tep times and various other panel timing functions are

field programmable'9Y closing the applicable PC card rocker switches. There
I

are two types of timing PC cards:
!

a. Step Card No.:3 (figure 7)

b. Time Delay/One Shot Card (figure 8)

I
i

I
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Table 3 lists all prog~ammable timing functions, the type of PC card utilized.

for that function, the ISlot location of the PC card, the setting location on

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

incremental adjustment ifor the function.
,

i
I

7.3.1 SEQUENCER STEPSj All time delay adjustments for the maintained se-

quencer steps are loca~ed on a Step Card No.3 PC card. Figure 7 shows the
!

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

adjustments, follow the procedures below:
I

a. Ensure all rocker switches are in the OPEN position.
i

b. Locate the propet pair of switch packages for the step desired. This
i

pair includes a tens of seconds package and a units of second package.

c. Close the appropriate switch on the tens of s~conds package corresponding

to the desired number 6f tens of seconds, and close the appropriate switch on

the units of seconds package corresponding to the desired number of units of
I

seconds. Note that the number '10' corresponds to a zero setting and the re-

maining numbers coinci~e with the numerical value of the setting.
I

Table 3. Timing Adjustments
I

FUNCTION I CARD SLOT SETTING STEP SIZE
I

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 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 se¥

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
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Table 3. Timing Adjustments (Continued)

( .

7.3.2 TIME OELAYS ANO ONE SHOTS. Sequence step pulsed outputs and the re

maining timing functions are located on Time Oelay/One Shot cards. Each TO/OS

card contains three switch packages designated as TOI, T02, and T03, 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

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 TO/OS Card 16 TOI .1 sec
Step 2 Pulse TO/OS Card 16 T02 .1 sec
Step 3 Pulse TO/OS Card 16 T03 .1 sec

Step 4 Pulse TO/OS Card 17 TOI .1 sec

Step 5 Pulse TO/OS Card 17 TD2 .1 sec

Step 6 Pulse TO/OS Card 17 T03 .1 sec

PTl-70%Trip Oelay TO/OS Card 22 TOI .1 sec

PT2-70% Trip Oelay TO/OS Card 22 T02 .1 sec

70% BUV Pulse TO/OS Card 22 t03 .1 sec

PTl-90% Trip Oelay TO/OS Card 23 TOI 1 sec

PT2-90% Trip Oelay TO/OS Card 23 T02 1 sec

70% BUV Oelay TO/OS Card 23 T03 .5 sec

Real LOCA Input- Oelay TD/OS Card 24 TOI .1 sec

LOCA Oelay TO/OS Card 24 T02 .5 sec

LaCA Pulse TO/OS Card 24 T03 .1 sec

Close OG BRKR PERM. Oelay r TO/OS Card 25 TOI .1 sec

LSS FAILURE DELAY TD/OS Card 25 : TD2- 1 sec ~
}

PTl-80% Trip Delay ttl TD/OS Card. 25 TD3 1
tsec

PT2-80% Trip Oelay #1 TO/OS Card 30 TOI 1 sec

PT2-80% Trip Oelay #2 TO/OS Card 30 T02 .1 sec

PTl-80% Trip Oelay #2 TD/OS Card 30 TD3 .1 sec
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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 Adjust.ments. 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 T03 switch package of the TO/OS card in card file slot 23 should

be set so that all rocker switches are open except the one labeled 6 (.S 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.S 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. Posi tion power supply swi.t ch 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 ~elays 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 operation.

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 channel should be tested at a time due to the two-out-of-four logic

necessary 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 Test provides continuous LSS panel operation surveillance

from the logic input signals through the logic and counter stages, and up to

and including the relay driver outputs. The Automatic Test will not interfere

with Power Station system requirements nor cause any output 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 remote 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 local 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:

a. Test Input Generator

b. Input Diode Matrix

c. Fault Logic

d. 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 actions 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 st.eps 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 seconds.

Each test step is divided into the passive and active operating modes. For

st~ps 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 remotely by the release of 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 functioning 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 ini tiated and functioning properly, .th e

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 ~s energized and displays the test step number at which

the fault occurred.

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 outputs 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 fault but rather indicates that the Auto Test is in a blocked

state because of one or more of the following conditions:

a. Control panellAuto Test switch positioned to BLOCK/RESET

b. A real input qetected
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c. Any single bistable trip has occurred
I

d. System in a Manua1 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.

~.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.
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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 PTl-~A/70%, 80%, 90% 1 3786

03 Test bistables PTl-~C/70%, 80%, 90% 2 37A6

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 51 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 51 37C4

09 Test for no ESF outputs with emergency condition permissive supplied 32 37C4

10 lout of 4 PTl-~A bistable trips; emergency condition not detected 6, 7, 36 3784

11 lout of 4 PTl-0C bistable trips; emergency condition not detected 8, 9, 37 3784

12 lout of 4 PT2~0A bistable trips; emergency condition not detected 10, 11, 38 3784

13 lout of 4 PT2-0C bistable trips; emergency condition not detected 12, 13, 39 3784

14 Test 90% bus undervoltage via PT10A and PT2(aA 6, 10 37A4

15 Test 70% bus undervoltage via PT10A and PT2~A 7, 11, 20 37Dl

16 Test 90% bus undervoltage via PTl~C and PT20C 8, 12 37Cl

I

lATI 5 is maintained until reset after step 59.



~ - - I-e - - - - - - I - - - - - - --.. -

VI
Q\

Tabl e 4. Automatic Test Sequence (Cont iriued)

STEP ATO
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATI NO. SCHEM. LOC.

-
17 Test 70% bus undervoltage via PTl~C and PT2~C 9, 13 37Cl

18 Test 70% bus un~ervoltage followed by 90% bus undervoltage 6, 7, 10, 11 37Bl

19 Test 90% bus undervoltage followed by 70% bus undervoltage 6, 7, 10, 11 37Bl

20 Test 90% bus undervoltage with DG BRKR CLOSED 6, 10, 16 37Al

21 Test LOCA condition 14, 20 3806

22 Test for no ESF outputs without EMERG. CONDo 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, 26 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. CONDo 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 sequencer 27, 32, 35 38B2
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Table 4. Automatic Test Sequence (Continued)

STEP ATO
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATl NO. SCHEM~ LaC.

34 Test for RESET input function 7, 11, 14, 20 39D6

35 Test for no ESF CLOSE BRKR outputs without EMERG. CONDo 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 OFF8ITE SOURCE 3 17, 18, 24, 32 39C4

41 Test for CLOSE BRKR outputs via OFFSITE SOURCE 1 18, ~ 9, 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 outputs 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. CONDo 16, 30, 31 39B2



- --- - - - - - - I - - - - - - -fl~ -

~

00

Table 4. Automatic Test Sequence (Continued)

STEP ATO
NO. PRIMARY FUNCTIONAL TEST DESCRIPTION ATI NO. SCHEM. LOC.

50 Test 80% bus undervoltage via PT10A and PT20A 36, 38 43B5

51 Test 80% bus undervoltage via PT10C and PT20C 37, 39 4385

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. CONDo permissive 25, 40 43A5

55 Test 80% bus undervoltage via EMERG. CONDo 25, 32, 40 43A5

56 NO TEST FUNCTION None 43A5
thru
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ATI NO.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

.......1 ..

SCHEMATIC LOCATION

3106

3106

3106

3106

3lC6

3lC6

3lB6

3lA6

3lA6

3104

3lC4

3lB4

3lB4

3lB4

3lA4

3lA4

3101

3lCl

3lBl

3lAl

3lAl

3207

3206

32C6

3204

32C4

32B4

32B4

32B4

DESCRIPTION

PTl~A bistable inputs (3)

PTl~C bistable inputs (3)

PT2~A bistable inputs (3)

PT2~C bistable inputs (3)

Fast clock enable

PTl~A 90% bistable trip test

PTl~A 70% bistable trip test

PTl~C 90% bistable trip test

PTl~C 70% bistable trip test

PT2~A 90% bistable trip test

PT2~A 70% bistable trip test

PT20C 90% bistable trip test

PT2~C 70% bistable trip test

LOCA input

Incoming breaker not ciosed input

OG breaker closed input

Offsite Source 1 not available input

Offsite Source 2 not available input

Offsite Source 3 not available input

Reset input

Breaker closure priority change input

90% bus undervoltage test signal

70% bus undervoltage test signal

70% BUV test signal to breaker closing

circuits

LOCA test signal

OG breaker closed test signal

BUV or LOCA memorized test signal

Manual Test BUV input signal

Panel test mode input
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Table 5. Automatic Test Inputs (Continued)
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ATI NO.

30

31

32

33

34

35

36

37

38

40

SCHEMATIC LOCATION

32A4

32A4

3202

32B2

32B2

32A2

43C4

43C4

43C4

43B4

40

DESCRIPTION

Manual Test LOCA input signal

Output tes t mode input .

Emergency condition test signal

LOCA sequencer enable test signal

BUV sequencer enable test signal

LOP sequencer enable test signal

PT1~A 80% bistable trip test

PT2~C 80% bistable trip test

PT2~C 80% bistable trip test

80% bus undervo1tage 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 the

system energized may cause equipment damage. The ESF power

switch should be switched off whenever PC cards 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 Panel Assembly (A5)

2699 - lOIS" Card File Assembly (AI)

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
DES IGNATION DESCRIPTION PART NUMBER MANUFACTURER

CRl/15,A2CRl/3 Diode assembly 0423-2765-1 Vitro

Kl/32 Relay, 24V GPB Agastat

K33/41, A2K2 Relay, 24V 3SAA1388A2 General Electric

K42/55,A2K3,K63 Relay, l25V 35AA142SA2 General Electric

K56/62 Relay, l25V GPD Agastat

42



I J/M4Jl/~
!"1~!'o/ .

Table 6. Spare Parts List (Continued)

REFERENCE.
DESIGNATION DESCRIPTION PART NUMBER MANUFACTURER

TD/OS CARD 0423-2636 Vitro

I 7 Seg. Dis. Drvr. 0423-2640-2 Vitro

I
Step Card No. 3 0423-2675-4 Vitro

IC Card A-3 0423-2693-3 Vitro

I IC Card A-4 0423-2693-4 Vitro

IC Card A-7 0423-2693-7 Vitro

I IC Card A-9 0423-2693-9 Vitro

I
IC Card A-12 0423-2693-12 Vitro

IC Card B-1 0423-2695-1 Vitro

I IC Card B-2 0423-2695-2 Vitro

IC Card B-4 0423-2695-4· Vitro

1ft IC Card C-l 0423-2696-1 Vitro

I
IC Card D-2 0423-2697-2 Vitro

./

Compo Card B-1 0423-2699-1 Vitro

I Compo Card B-7 0423-2699-7 Vitro

AC Bistable Card No. 1 0423-2757 Vitro

I Driver Card 0423-2758-1 Vitro

I
Clock Card A 0423-2767 Vitro

A2DS1,2 Indicator 95-0408-09-241 Dia1co
Lens 52-0991 Dia1co

I Lamp B1-A ANSI Spec.

A2F1,2 Fuse MDA-7 Bussmann

I
Fuseho1der HKL Bussmann

A2K1 Relay, 15V 3SAA1432A2 General Electric

:-
A2PS1 Power Supply, 15V CEA3~150Y103FLP3 CEA

~
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Power supply, 24V

Spare Parts List (Continued)

l

MANUFACTURER ~_.

~LAIJ1$J)!J ~ ~
Westinghouse ~
Westinghouse

VI\A D3ll)O/~

General Semi.

PART NUMBER

1.5K62

:]
1
1Table 6.

DESCRIPTION

Suppressor, -transient

Switch, Lock
Contact block

A2VRl-3

A2S1

A2PS2

p~kil-&ZZ(

lE2,E. J"_ Of~
REFERENCE

DESIGNATION

r

A3DSl-12,
A3DS15-35

Lamp, Indicating (Red)
Lamp , Indicat ing (White)
Lamp, Indicating (Yellow)
Lamp, 24V (bulb only)

0116B6708GI-R
0116B6708GI-W
0116B6708G1-Y
1819

General Electric
General Electric
General Electric
GE or equal

A3DS13,14 Readout module
Lamp, 24V (bulb only)

710-0301-025
334

Dialco
GE or equal

A3S1-9 Switch, toggle 8A2011C Microswitch

i
i ;
i ;

A3 SlO-S31 Switch, pushbutton
Cap (black)

8N2021C
8Z0083

Microswitch
Microswitch

I
L.l

A3Fl-4

A4Ml-4

A4RI-R4

Fuse
Fuse block

Voltmeter, AC

Resistor, variable

MKB 1/8
3828-4

10420

7466R10KL.25

Bussmann
Bussmann

Simpson

Beckman

f ..,
t

r t~

A4R5-8

A4S1-4

Resistor

Switch
Contact block

RER55F1212M

OT2S1
OT2A

MIL-R-39009/2

Westinghouse
Westinghouse

!
t .. A4Tl-8 Transfonner H-915 United Trans.

or equal

A5Rl-3 Resistor RER65F3481M' MIL-R-39009/1

44

* Special tools and accessories

.,
~ _ t __

A5UI-IO

*
*

Digital isolator
Lamp, 28V (bulb only)

Screwdriver
Patch cord

H-90
1530-60

Vitro
Sylvania

Bourns
H.H. Smith

.-JJ
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PU:Jhbl1tton Ratings. Ampe~5
n:or' Flush and Extended Operators]
Volta~e$ Norm,,1 lnrush

L.g~d and
BreaK lnterr.

Cap&c'ty

Operator OnlY
Without Cgl"ltact
Block or LlJgend
PI~1eI
(Cover Mountlng Onlvl

Price List
221
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~sh Pushbutton Operators
Operator I Color

Full Sltroud All Color:>
(BI~ck, Rod, Gr~en,
VGllow, $llJB, Gray,
Brown)

OT284

110-125Ac
220-250 Ac
440-4SO Ac
550-600 Ac
,iO':l25 Dc

'230·250 Dc
550·600 Dc

6.0
3.(1
1.5
1.2
1,1
.55
.zo

6Q
30
15
12
1,10
,~S(O

,20C»

No SllI'Qud

«I-
Black
Red
Green
YQllow

orzci
0T2C2
OTIC;)
01'2C4

Blacle
Re~

Green
Yellow

lock
po:;itions

Out
11'\
In or Out

OT~Ol

OT2CJ2
012D3
Oi2D4

orzsa
OT2F8
OT2G8 •

K.ey Removable I
in All Positions

Out
In
In or Out

OT2E9
OT2F9
OT2G9

Contftet Blocks - For Rush Opar:ators ®
De~Grlptlon

.....J....
P..l.J::l OT2A

o 0 \
~~

OT2V

OT2X
-L .,;.J..,.
o 0 o 0

Oi2AS

OT2AP

OT2M5

OT2MP

..'.
6) For lIppll¢o~on3 reql.linng nignel De fatfn!]G.

r~lJr to WQ:$t!'1ghou$lIl.
<1'> tOrque for rno\lllllng Sl;rllW$ 1 10 10 inc;h J)OUf'lO:; - 10

Inch pQund~ flllJX,

OT2B

OT2D

~ c.,,'og
INu"'bet

~
o 0

o.l.O

Contact
Symbol

1 NO

1 NC

.2 NC

1 NO.1 NC

, NO.1 NC Mske Batore Bre~k

2 NO Sequence Ons. Pole
M;')ke~ Before Other

1 NO, 1 NC Series Wired

1 NO, 1 NC Psrallo! Wired'

2 NO, 2 NCSeries Wired

2 NO:'2 NC Porellol Wired

Doubl9 CircuIt

Single Crrc;uit

Ilk
•

•
** TOTAL PAGE.03 **
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-Right
Circuit
Position

v
(7

,~

3 Position

Can\ 2 Cem4 Cam 6
Ci1talo9 Catalog Ci:l~OIlog

Number Number Number

OT2S2 OT2S4 OT2SFi

OT2V2 OT2V4 OT2Va
OT2Z2 OT2Z4 OT2l6
OT2W2 OTZW4 OnW6

OT2S2W OnS4W OnS6VV

iHiv2W O'TZV4W OT2V6W
OnZ2W OT2Z4W OT2Z6W
OT2WlW OT2W4W OT2W6W

OI2KL OT2K4 OT2K6

OT2V2 oiiv4 OT:2Y6
OT20:2 OT204 OT206

/

CirCUit Position For Moullt'"g Contact
6!ocks Detel'"milled By Viewing From Rear

I.... I..· [:..-. ,.-.

O~AS 8oth~ OT2~ Left OT2e Right
OT2AP BotnlJl OT2D t..eft OT~D Right
OT2B RigM OT2B Right OT2MP Both(!}
OTlD ~:tt 01'20 Right OT2NS eoth~
0126 O'r2AS Bolh@ OT~a Left
O12D Left OT2AP 80th{!) 0120 Left

Cillm Number

6 or 4
:2 or 4
2 or 6
4
6
2

O~tot~nly lSl;Jend Plata Not Included<:!>

......2 PO~ltion I
\;'\.,,1.(11 I/LCIT. ...

i No. ,1

18
10
28

.!

' ~~
30

\ t ~
x 0 0
o )( X
lC a x
I;) X 0
o 0 Ie
)( X 0

Tabkt II: Sequl!nc~ to Cam Number 
3 Position'
SBquenc~.~.IJ~~~_r _
1
2
3
, and 2
1 and J
2 and J

Contaet Sequence Seq. Cam and Contact block CombInation
(O~er;)tor Position No.

C8N't 1 Cam 2 ' Cam 4
' "

Viewed From Front)
Cam6

Stand. Opar.® Stena. OP&r.® Stano. OJJ8r.~ Stand. OPCI'.®
Cal. No. OT2S1 Cst. No. OT2S2 Cat. NO. OT2S4 C:rt. No. OT2S5

Contac~ Circuit Contact Circuit C~;'·t.ar;t Circuit Contact Circuit
C;,t No. Posit. Cat. No. Posit. Cat. No. P08it. COlt. No. Posit.

(!) Q) e e
- -

Type Operation

Two PO"tHm

"_L-'--.L-~-'I-:-l_=.._.E;th",
(' 0 : x D 0Y26-d>v Eithor

Thn.e..P.os.it1oll....-...-~~~::::.:-_-,~-.,..~---'------~_...L-_--~-_....L..-~----~

"~ble I~ Cam and Contact Block Selection, Two ond Three Position

~ St8nd~rd .,od lover handle operl:lto~ :;l.Jpplll9Cl With fad
ector insert

@ For price of Oantll(;l block 4)nd le(]srrd pllll!!:;. :;00 P;lBQ~

? and B.
® To l'o!ition contoct block 90· frOM nnrrnal, add suffix

"0" to cl:lt810g numbollr.
@ ....wo GOntlK;ls wi rod in sori03 (NC left Md NO-right]. Can

De field .a~~cmbl~d f,or,\ OM OT2A or nne OT~9 <lnd .
OM OT2D contact bloeU.

~ Two oornaets wlrod In pal81191 INC rill"t ancl NO left}.
Cen befl~ld Ols.:/ortloled from one O'l"~ Of cone01'26
and on'; 0T20 eOl'ltl!ct blocks.

o A5 vl!lWOd frorn r&llf of ~55I'mblv.
.@ For ether than 5.t;lng",C maIntained op(lr;:Jtor. UlIQ oper

Btor catalOg number rrom prtce Icbll:'_
(!) Two NO ccntects wlteo in paralrol,
l!\!I Two NC contacts wired in series.

Stan~ard H~l'\dlc \.."-~...

Maintained TIns.,
Spring Return ~jght to Left OT211
Spring Rerum Lit. & At. to Ctr, . .. _.
Spring Rell,lrn Ri~ht to Center ..... :~.

SJ~~!~$L~!.~_mLch to Center ~.~:.~~- .
l.B\ler Handle

Maintained :1 OTZS1W
Spring Return Jiisht to Left OT211W
Spring Return Lft. & Rt. to Ctr. . ., ..
Spring Return Right to Canter .
Spring fleturn Left to Canter : .
CV.Jlnd8rOicK--:..------'---------:-~~=

/--L"~ck in All Positions OT2K~-1
~.Q$.....'.........'"-___""t""-..-TA.~

Lock in Cel'lter Positions
l.cek in Ctr, & At. Positions

Cam 4, Cat. No.
01'254

Standard Operator
OT2S4 with fol
lowing contact
blocks: OT2B left.
OT2D Left, OT2AP
Both,OT20 Right.

Example
XQQ=1B
OXX-10
XXO=3D
OXO=20

1 and 2

1B = OT2B Left
1D =OT2D Left
3D'" OT2AP Both
2D = OT2D Right

•

Au~h Satector Switches

ThrBB cams (2,4,6) produce 'III six 3-posi
tion sequences. Selaction ts simplified by
using the svsternatic selection process
below.

ProcDdur&

1, Write down contact
sequence and sequence'
numbers from Table I.
(X = Closed. 0 = Open)

2. Determine two most
common numbers (1,'2,
or 3) ignoring letters B
and D).

3. Use cam according
to Table II and select
ocerator Cat. No.
4. From Table I, deter
mine Cat. No. and cir
cult position for each
contact sequence num
ber in Step 1.

5. Order Bill of Material
as determined, or fullv
assembled selector
switch.

Si.nd.,d H.ndl~®® ~
_,-'_-.._.,__0__ - l::~i)

""-," .~~~;.

,.~~,Handlo®®

\" Cylinder Lock@ .....//
,,,,"-~.~......--------_.,,.

Salactor Switch Seleetion Procedure
Westinghouse OT2 selector switch cam and
contact selection is based on the tact that
ther-e ate only two possible 2-position con
tact sequences, and six possible 3-position

•

nces.

o position, only cam 1 is avallabte.
Contact sequence is accomplishedbv selec
tion of NO (OT2Bl Or NC (OT20l contact
blocks ill desired quantities.
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Lever H;:mdlc

C;Jm 6
Catalog
Number

aT2S2 OnS4 erase
OT2Vl OT2V4 orz.s
OT~Z~ OnZ4 orzzs
O12W2 OT2W4 OT2WB

OT~S~W . :of.?S4W onS6W

OT'2""~~; )'oT2,ij4'W' OT2V6W
·.,'(;lTiZ2~ OT2l4W OT2Z6W

l°T.2W2W ar2W4W OTlw6W

I

onjKA2 OT23KA4 OT2~~
.,'1" .4.:,,·

"f.)T23KC6OT23KC2 On31<C4

'''':'' ")1:.1 .~
OT23KE2. O'r23~E4 'ctiT23KEG

OT2S1W
OT211W

Operators Only Leg~nd ?i.lte Not Inr:;ludedQ:>
2 position 1 ;) Po~ition_. ---------

Cam 1 I Cam 2"- Cam"
Cat. C<ltiil1ag C3131o~

No. Numbar Number

Type Operation

Cylinder Lock

Lock. in All PO~i[jol'l~ ~] OT22~f
Lock In Left Position -,- O~2.~~
Lock in Center PO:si[iot'l "~' ...\...• s ,

Lock In Ctr. &. Rt. Po~i!iOn .._",:"

MaIntained
Spring Return Rillht to Left
Spring Rr:turn ui. & Rt. to Ctl.
Splino Flewrn Right to Center
Spring Return Loft to C9nt~r

M;jint:lincd OT2S1
Spring Raturn RighI 10 Left . aT211
Spring R~tLlII\ Lh. & Rt. to CU.
Spring Rr:turn Right to Cet'\\er
Spling Return Lett to Cr-ntC<lr'

levor i'i;Jndle(6)@

Cvlinder lock@

Flush Selector Switches

St;,ndard H8r"ld1e®®

Selector Switch Selection Procedure
Westinghouse OT2 selector switch cam and
contact selection is based on the fact that
there arc only two possible 2-position con
tact sequences, and six possible 3· position

•
u~nccs .

c 0 position, only cam 1 is available,
ct sequence is accomplished 9~

selection of NO (OTZ8) or NC (OW:tQ)
contact blocks in desired quantltiss. J

Three cams (2, 4, 6) product -~li six 3
position sequences,. Sel~.d\t~n 'is' simplified
by using the :;ys,~~hWlt1c~electiori process
below. ..

Righl
Circuit
Po~itiol'l

C8JYl'1I

SIano. Op~r.@

CSt. No, OT?,S4

Contact Circvit
C;]\. No. PO~it.

(1J

)

@ For <)lh.:l( IhJn standa,(j r'YI.linl;]ined opQr~ter. u6l:

Ol)~r~tor calJlo~ "umber from p,iC() l"blo.
® TV'iO NO contacts ....irOi:lln ll;ulIllel.
6ili Two NC conl.Jct~· wired il"l '60ric:;.

Left Circ;:uit
Po~ition

OTlAS Bo[hc:/l onB left Dna Right
OT?A? BOlh® Or20 Left arm Right
ona RighI aTZB Right OT2MP Both@)
anD Ri9ht OT2D Ri911[ OT2NS BOll,@

OT2B left OTlAS BOth(!l onB Left
OT:2D Left onAp BOtll@, OT20 t.e rt

CirCIJi1; PClsitiOn Fo( Moun1;ing Contact Block:;
O~,eln'llned BV Vi~wing Ffom Ae<lr.

Eithr.r
Ei[l)er

Cam Number

6 or 4
2 or 11
'. or 6
'I
6
2

oriD
OUB

~.
Nc.

18
10
28
20
39
3D

.~ ",/'<. ·0
"'0:" X

. I .. 1

.....:.L.-_~~L,--:..I ~

(!) S,(J(10;lrd arid lelvef handto oper:ltor~ ,"upplied Wilt'orcd
colnr in:;~t1. Oll'er color s are ,'lvlIilable.

(!) Fot pri~ of contact block and Ir,g~nd plates. ~ee psg\)&
53.54.

~ To 1l0$I'ion contecr btock 90° from norrnel. add 9vtf;:.: ·'G··
10 C;]I'JIO<;J I1Umt\N.

(!) T\NO ';ont:lct~ wired in 3'lri~ (NC loft and NO fight). C<ln
be field 15~tlembltofrom one DT2A 0' one OT2S and ontl
017,0 contact blocks.

@ IVVO conracts ""'red in pt),atlcl INC rlOJ ht Jno:l NO 1~1't). Can
b~ liCI" ;]s~llmbhllj' frOllt·onc OT2A or onu OT:1B ijnd one
OT20 com;JC! blocks.

(!) A~ viewud fYom rn;lr of ;]~~embly.

S~Quet\ce Number

1
Z
3
, (lnd 7,
1 and 3
7, and 3

.•._1:,

Table H: S~que"ces to Cam Nurnber »

3 Poaition

Ccntact Sequence
(Dper~[OI F'ollbiQ'W
Vjc:w~d Fror;{i-'Ft~iffi'

Tvvo Po~i[io~,

. Yhf€C Po~itio.~~ '-"'.~"';"";::"'---:"~~~' -;-- '

'\ 1'.,··
.JCi,.JJ;~o
o:~.·~·

~.'O x
oxo
00 x
x x 0

Standard Operator
OT2S4 with fol
lowing contact
blocks: a,2B
l.eft, ar20 Lett.
OT2AP Both,
OT2D Right.

18 = OT28 Left
1D ~OT2D Left
3D=OT2AP Both
2D=OT20 Right

Cam 4. C<:lt. N(J.
0,254

Ex-ample

XOO=18
OXX=1 D
XXO=3D
OXO::;~Q

1 an;cJ t

Procedur-e

1, Write down contact
sequence and sequence
num bers from Table I.
(X~Closed, O=Open)

2. Determine two most
common numbers (1. 2.
or 3) ignoring letters B
and D.
3- Usc Call) accordinq
to Table II and select
operator Celt. No.
11. from Table I, deter
mine Cat, No. and cir
cuit position for each
contact sequence
number in Step 1-

5. Order Bill of Material
as determined. or fully
assembled selector
switch.

•
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IIC LqGIC 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 I5-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, wbich generally result in slower operation. This slower operating speed aids in
noise rejection.

With .MHTL design, fewer special noise protective methodsare 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 usageof MHTL units in areas :
where high electrical noise exists, and then translating into higher speed, low-level
controlling systems. The translator circuits allow MHTL logic levels to be changed to
and from the logic levels characteristic of RTL, DTL and TIL circuits, making a com
bined system extremely attractive for industrial applications.

The high I5-volt 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

MHTL is Motorola's High Threshold Logic family of
digital integrated circuits. MHTL is designed for applica
tions in which a high deqree 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 rnarqins,

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-DR-INVERT
gates, exclusive 0 R 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.

TYPICAL CHARACTERISTICS

Rating Value Unit

Supply Voltage 15 ± 1.0 Vdc

Threshold Voltage 7.5 Vdc

Logic "0" Output Voltage
@ 10L = 5 rna

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

Logic "1'·- Output Voltage
@ VCC = 15 V.

(Active Pullup Output) 14.4 Vdc
(Passive Pullup) 14.9 Vdc

Noise Margin 6.0 Vdc

Propagation Delay 110 ns

Temperature Range -30 to +75 °c

THE BASIC MHTL LOGIC GATE
The basic MHTL gate is shown in Figure 1(AI. It may be noted

that this gate is very similar in configuration and operation to the
Motorola Diode-Transistor Logic (MOTU gate shown in Figure
1(B I. The basic difference is in diode CR1, resistor values, and the
collector supply voltage (VCCI.1n MDTL, CRl is a base-emitter
diode operated in its forward direction and having a drop of ap
proximately 0.75 volt. The input threshold level of MDTL is a net
of two forward diode drops (the input diode offsets a diode drop
in the other direction) or about 1.5 volts. In MHTL, CR 1 is a base
emicter junction that is operated in its reverse direction; this is

commonly called zener operation. Conduction occurs, in this case,

when the junction has approximately 6.7 volts across it. The thres-

FIGURE 1 -GATE COMPARISONS

Vee
(15 V)

(A) MOTOROLA HIGH
THRESHOLD LOGIC
WITH PASSIVE PULLUP

Vee
(5.0 V)

(B' MODIFIED DIODE·
TRANSISTOR LOGIC

A~'_
B~A.B

(C) NAND LOGIC SYMBOL ./
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hold voltage for MHTL is one forward diode drop plus one zener

diode drop or about 7.5 volts. The normal supply voltage for this

family is 15 volts ±.1.0 volt. 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

level, possible base current to the transistor Ql is routed to the low

input. If both inputs are above the threshold level, Ql, CR land

output transistor Q2 all turn on and the output goes low. thus the

output is true or high jf A or B is not true, i.e., F =A + B== A • B
(See Figure t-el.

or above 13.5 volts. A 2.o-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 -300C to +750C.

With 8.5 volts on the input, the output is in the low state 'or.le~s
than 1.5 volts and remains there for any further increase in
voltage.

The specified voltages in the MHTL transfer curve are placed in

the de 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 voltaqes required for the driven gate to
recognize a "0" or a"1" logic level. Then, the guaranteed noise

margin in the high state is calculated by subtracting 8.5 volts from

13.5 volts, and the guaranteed noise margin in the low state is cal
culated by subtracting 1.5 volts from 6.5 volts. The guaranteed

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 ofpropagatiori delays for theNAND gate with activepullup

output are shown as a function of temperature in Figure 2.

FIGURE 3 - TRANSFER CURVE AND DC
NOISE M~RGIN CHART

Vee'" 15V
-30oe to +750 e
Worst ease Noi..
Margin.

V 15~::t====~,OH 13.5 r
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o 1.5

Vil

Permissible
Low Input Voltage

Permissible'
High I nput Voltage

w
e
~
I
.J
o
>
I
:)
~

I
:)
o

~
!

75

t+ -

50

AMBIENT TEMPERATURE (oe)

III
C

>- 150<t
...J
UJ
0 125
Z
0
I-
<t 50
(.:J

<t
c,
0 25
ct
Cl.

0
-30 0

200 r------r------.------r---....:...-~

175

FIGURE 2":' TYPICAL "NAND" GATE
PROPAGATION DELAY TIMES

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 rrrust be considered, The transfer curve for the basic

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

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

CHARACTERISTICS OF NOISE IMMUNITY
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Vee

755025a
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FIGURE 5 - SIGNAL LINE NOISE IMMUNITY
versusAMBIENT TEMPERATURE
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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 Ql 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 p.ath to ground.

Under this condition the output i!\ clamped to -0.7 Vdc.

To maximize its high noise immunity, MHTL provides active pullup
gates in addition to passive pullup devices. Although passive pullup
has advantages in certain applications, 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 outputs are in 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 Ql is turned
off. The passive pullup exhibits a 15 kilohm impedance to Vee.
The active pullup has a lower impedance to Vee as transistor Q2
turns' on and has a low impedance in series with the 1.5 kilohm
resistor.

I f 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 condition on the output. However, negative
going 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 pulluo has a
superior noise immunity when compared to the passive pullup.
Figure 5 shows a comparison of active and passive pullups over
temperature.

ACTIVE

PASSIVE
I
I

~
I
I
I

-_J...-

I
I

i
I
I
I

-~

FIGURE 4 - MHTL GATE WITH PASSIVE
AND ACTIVE PULLUP

Vee

AC Noise Immunity of Active versusPassive Pullup
The relatively slow speed and large voltage swing of MHTL give

the logic family superior dc noise margins and ac noise irnrnunitv.

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 volts 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 de offsets and power supply variations exist
between boards in a multiboard system. The MHTL circuits have
an inherent advantage with respect to de 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 si~nal line, Vee 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 voltage change is dependent upon
the nature of the noise, the coupling impPdance, and the internal

impedance of the digital circuit.

•
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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 8 - UNUSED INPUTS WITH
LIMITING RESISTOR

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

:=Dt lAB). rc DI

D=:L)--l .
Output Loading Facto'::

10 -1.2 = 8.8

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 IOl that one output is tested to

sink at Val. The IOl 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
k ilohm resistor corresponds to a loading factor of 1.

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

A-e-CeO-e-F-GeH

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

Unused Inputs
For best noise immunity unused inputs should be tied to the

power supply. If the power supply is subject to large 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 .

Power Supply Variations
MHTl devices are tested to ensure proper operation with full

fan-out capability overthe -300C to +750C 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-volt
limit is exceeded, devices may exhibit a higher leakage current on
the off transistors, although typical units will endure 20 volts col

lector supply before this becomes evident.
A disadvantage to using higher power supply 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).

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
a hysteresis action and sharpens rise and fall times.

Vee

Output Lo.cilne Factor:
10 -1 • 9

'115 k

;lO-~-""-- A. ii ee· A + 8 + Ca

A

c

.... :,;,:,
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FIGURE 10 - ACTIVE PULLUP INVERTERS (MC680) IN SCHMITT TRIGGER CONNECTION
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FIGURE 11 - TYPICAL VARIATION IN VOL WITH TEMPERATURE
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. FIGURE 12 -SWITCH BOUNCE ELIMINATOR
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FIGURE 13 - PASSIVE PULLUP OUTPUT DRIVING
A DISCRETE DEVICE

When a V CC 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 VOL values of typical units as a

function of temperature with a VCC of 14 volts and an IOL of
12 mAo 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 VCC voltage

is the reduction of the noise margin in the high state. Figure 3

shows that VOH 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. M HT L ------- ---....- Discrete
,.

FIGURE 14 - ACTIVE PULLUP OUTPUT DRIVING A DISCRETE DEVICE

Vee

•
03

R1

I
I
I
I
I
1-:-:

MHTL ....----- 1-·---_r_ Olecrete

15 k

- - - - - .....--------,

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 pullup output (Figure 13) or

active pullup output (Figure 14).
Resistor R 1 in Figure 14 is necessary to reduce leakage cur

rents of 03 when the MHTL output is low. Select R 1 so that

1CBR 1 <0.5 Vdc.
Note that the active oullup output of Figure 14 is not capable

of driving a discrete transistor and a MHTL input simultaneously.

The MHTL input would source current to the base of 03, prevent

ing 03 from turning off. This would also clamp the MHTL input

at 0.7 Vdc.

Temperature Variation
MHTL devices are rated for use from -300 C to +7So C. Nor

mallv devices will function properly beyond these limits although

not necessarily meeting the specifications set for the rated temper

ature range. I f 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.

'': :...:';::::.
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MAXIMUM RATINGS
TA = 2SoC

TEST LIMITS
TOLERANCE
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Rating Symbol Value Unit

Power Supply Voltage VCC Vde
Continuous 18
Pulsed, 1.0 s 20

Input Voltage Vin Vde
MC666 DTL -1.0 to +6.0

RTL -4.0 to +4.0
All Others -1.0 to +18

Output Current (into outputs) - mAde
MC662 60
MC663 28
MC664 26
MC669 -
All Others 30

Input Reverse Current @ 18 V IR 0.5 mAde

Forward Current (individual) MC669' IF 30 mAde

Power Dissipation and Thermal Characteristics
Dual-I n-Line Ceramic Package

°cMaximum Junction Temperature TJ 175
Maximum Internal Dissipation @ TA= 25°C Po 1000 mW

"Thermal Resistance, Junction to Air 8JA 0~15 °C/mW
"Tberrnal Resistance, Junction to Case 8JC 0.09 °C/mW

Dual-In-Line Plastic Package
°Maximum Junction Temperature TJ 150 C

Maximum Internal Dissipation @ T A = 25°C Po 625 mW

"Thermal Resistance, Junction to Air 8JA 0.20 °mW/C

"Thermal Resistance, Junction to Case 8J C 0.15 mW/oC

Operating Temperature Range TA -30 to +75 °C

Storage Temperature Range T stg -55 to +125 °C

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

DEFINITIONS

CP

ICEX

ICCH

ICCL

IF

21F

IOL

IR

21R

ISC

tpd+
tpd_

VCC

VCCH

VCCL

VCEX

VF

VIH

VIL

VOH

VOL

VR

Vx

Clock Pulse

Collector-to-emitter leakage of the output transistor

V CC current drain when all inputs are high

V CC current drain when all inputs are low

Forward current of input diodes for unit input load

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

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

Test current flowing into output pin when output is low

Reverse current of input diodes with V R applied

Reverse current of two input diodes with V R applied

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

Propagation delay time for a positive-going output pulse

Propagation delay time for a negative-going output pulse

Device power supply voltage

High power supply voltage

Low power supply voltage

Collector-to-emitter voltage of the output transistor

Input voltage when measuring IF

Threshold voltage for high input voltage state

Threshold voltage for low input voltage state

Output high voltage state with 'OH flowing out of pin

Output low voltage state with I OL flowing into pin

Reverse voltage for input diode leakage test

Threshold voltage for low input voltage state on expander unit

/'
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PACKAGING
',"I

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 Pl.

•
AllJEOEC TO·116 dillllfllionund ROtlS apply.

IIIOTE:
1. "R" - IIlSIlIIIId Politionof lllld C.ntIfL
2.''S" - 0...1llIIIaIled Width.

INCHES MILLIMETERS
DIM MIN MAX MIN MAX

A 0.660 0.780 11.400 19.900
C - 0.200 - 5.080
0 0.015 0.023 0.381 0.584
F 0.030 0.010 0.110 1.710
H 0.1190 0.110 2.290 2.190
J 0.190 0.210 4.830 5.330
K 0.100 - 2.540 -
M 0.290 0.310 1.310 1810
N 0.008 0.015 0.203 0.381
p 0.220 0.280 5.• 1.110
R 0.290 0.310 1.370 7.810
S - 0.325 - 8.260
T 9lJII I(J!iII

U 0.020 0.030 0.508 0.762

W.igtll .. 1.954grams

L SUFFIX
CERAMIC PACKAGE

CASE 632
TO-116

INCHES MILLIMETERS
DIM MIN MAX MIN MAX

A 0.140 0.780 18.790 19.810
8 0.240 0.275 6.100 6.990
C 0.110 0.200 4.320 5.080
0 0.015 0.020 0.381 0.508
E 0.135 0.165 3.430 4.190
F 0.055 0.065 1.400 1.650
H 0.100TP 2.54TP
J 0.015 0.035 0.381 I 0.889
K 0.115 I 0.135 2.930 I 3.430
L ()O I 15° DO I 15°
M 0.300TP 1.620TP
N 0.008 I 0.012 0.203 0.305
S - I 0.325 - I 8.260

r-- A UJ

""",T~.' - '~
PLANE

JHL--U-D~
NOTES:

I. DIM. "M"ISMEASURED ATCENTER OF
LEADS WHEN FORMED PARALLEL.

2. "j"·INOEX:
NOTCH IN LEAD. INK DOT. OR
NOTCH INCERAMIC.

L SUFFIX
CERAMIC PACKAGE

CASE 620

P SUFFIX
PLASTIC PACKAGE

CASE 646
TO·116

i·. A::1
(::::::H

ill-v

-i--r_-++__---+-;r-- H

I

K

I MILLIMETERS INCHES
DIM I MIIil MAX MIIil MAX

A 18.03 18.19 .110 .740
B i 6.09 6.60 240 .260
C 4.06 4.57 .160 180
D' .38 .51 .015 .020
F 1.02 1.65 04U .065
G 2.548SC .100esc
H 1.32 1.83 .052 .072
J .23 .38 .009 .014
Ie 2.92 143 .us .135
L 1.37 7.17 .290 .310
M - lIP' - 100
N .M .II!I .lIZ'.i .035
T 10 TY' 10 TV'
U .64AAO .025AAD
V .13 .31 0IIIi .015

OillllllliDn "l" to !lid CIlltWtiMwlIlIl
forllllllPIfI/lII.

T

PSUFFIX
PLASTIC PACKAGE

CASE 648

v~--~- A -----"-4

18

MILLIMETERS INCHES
101M MIN MAX MIN MAX

A m.7D 21.11 .81§ .R35
B 6.09 6.111 .240 .260
C 4.1r. 4.57 .1IiO .1110
0 .31 .51 .015 020
F 1.14 1.40 .045 .055
G 2.!jj est 100SSC
H 1.32 1.83 .052 .012
J .20 .30 .008 .012
K 2.92 3.43 .115 .135
L 1.J7 1.87 .290 310
M - 100 - 100
N 64 .89 .025 .035
T 10 rvp 70 TVP
U .64RAD 025 RAD
V .13 I .38 .005 1015

NOTES:
1. DIM "l" TOCENTER OF LEADS

WHEN FORMED Pl\RAllEl.

• -:

MOTOROLA Sen1;conduc"for Produc"fs
BOX 20912 • PHOENIX ARIZONA r:l5036 • A SUBSIDIARY OF "'OTOROLA INC

• : .--: 'J':: : ~

Inc.
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INTEGRATED CIRCUITS FROM MOTOROLA
./

•
*MC660 Series (-30 to +7S0C)

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
noise environments far beyond the tolerance of other integrated circuit
families. Multifunction packages and broad operating temperature range
further tailor this device family to the industrial designer's requ irements.

j~
v

°MHTL cermaic dual in-l ine devices are available with specification over the ~550C

to +1250C temperature range and/or with hi-ret processing on special order. See
your Motorola representative for p.ricing.

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

BEST COpy

P SUFFIX
PLASTIC PACKAGE

CASE 648

lSUFFIX
CERAMIC PACKAGE

CASE 632

TO,' '6

ISSUE B

P SUFFIX
PLASTIC PACKAGE

CASE 646

TO,' '6

l SUFFIX
CERAMIC PACKAGE

CASE 620

.-
FUNCTIONS AND CHARACTERISTICS (VCC = 15 V ± 1.0 Vdc, T A = 25 0C)

Power

Type CD loading Propagation Dissipation

-30 to Factor Delay mW
Function +7S oC Each Output ns typ typ/pkg Case

Eltpand8bt. D~·4-.i~;-G.,~iiti,'
.,'"':,;- .,:.".; :!, \~::<iS f::;~O%t~j i~~~~{::~-<;!1O·~·:; ..: o;;t~·~; .' '··ft.o, 88/26 I ~. 632, 646

Expandable Dt.t...~_td~G_,.tlit...·~l~\~~:r-c;;~:z;~~}:f;~; (:<:MCG8fJ,~t :"J;:"i;r.:z;·'~f:~'O~ ~ ..: .,. 125 8812& C ~. 632, 646

E xpendable ~~'l
\. ; .•~. ';.'

'~o~~tf~?~:~~fk ~!~'fr::i£~~:::?; t~~7M&i62'?2, ~~f*,~-8t?'.30 ., ',",c'" :140. 180126 C~' 632~ 646

Dual J~K,Fli '."",
."".::::6" i,'·:·Mc663'l'''; .;':'~..'·-'·r.;/,':'·;,~9 '~';":''';:lt ~'jf.A-3:0MHz (j) 200 632, 646

M,8ster·S~..,.,R--S~f: ,,',~ ·.·':""\l ~>\"\' ·Mt.~;:·i ~9:i~:;::-:.ti~::~!~-5~e:,:·~ . ;.,:~ . '---3.0'MHz @ 160· 832, 646

r~;p~'-T'4~;.: i£~:·:~t _~:~~~;-:;2~ :"~~1~~~2~~ ~~.~~!f,,':~~~
~',,"" 83 (MDTL)

;-~.~;._;" ,'; .40 104 CMRTL) 632, 646
,:....... :':;::~:;['dD~ 1',\,'

Trlp.e LeVel T r• .-.teit::i,i1~;,"t~!ff::;';;,~;;:;· '::~,'~h!2:r: ,.::....... .~:-:MC&ee :" . • ......~ •.. ,

.<'10 " " \.'.; t, 75 105 632, 646'. ' •• :--'o,i':·l,

DualMo~MV' " ~ 'v--",,,,,~ r~; ·~~"':~::~'::.;·";~lf"";:;' .~:~ »: .:" -(':t"::. :,~"" .. ~ ~":t""~1 ;"_:'~''''''~' J:'·IO· ~ 1410 240 632, 646..• __f.

Quad 2,'nj)ut Gate·:~i~~!,z~~;S~!f··;'·.·
......;

·~:~';;...c~;:;1~ ~-,:.~ j'!~:~:;ftO .: 125 176/52~ 632, 646'~:" 'l.b< ' ..
Dual-4·lnout E~;~..~:)< ~~~f;~i~~:,~?~i~~·~~t,t~~9~.t~l~}'~~~~.~':'·;!.:' ."1~ ..~::~·(;:.t ... .:~;~ .;.:.;I\4C689'::~ .. .." ..- - - 632, 646

Tripfe 3-.nDut·aat.t·:T.,......~~'$·;~:~t'~~f~;~::;.;.~1:~·~.~~,i·;:~~J:,~MC67Cf~-~' "':,..:.: " -- 10' 125 132/39 632, 646

Tripl.,3-'nput·G_'~·:··'--"'::'·"
..": ." ..:. --.;-',;;:

~;~;:Mc61't
.... ,to, 110 132/39 632, 646

Quad 2"nput&ati~cact_~ ,~: .~,. 3t-__'!i~:.~· ~\'Mc672 10' 110 176/52 632, 646

Duat 2,'nput ·ANO<iR;U!'V£"-T':~U~.;'~'~~~'''\C;'''''-;~';/:f.;'''' "
; .··Mql13.i·~-, -- " ,;. 10 1 10 160/50 632. 646

Dual 2·ln1:tut A""'O,,()lfi:riil\iE'AT-;'GiIti:.~,'.~~~.;:.~-!
r; ::- "MC674:,:': 10 -- 125 160/50 632, 646'. -- ,.: ..., \

Stretct*.;L~~~~~~r~~~[f~" .;:',';k.£?:~;:~;~!)' '\~:':'i:~;
: -:~ ~

" 150 Cpins 1,6)
Dual Pu•• '>\Mc6~ :.;' ..t~ 180 632, 646

":';';',""":." '.-~~.:..: ".. --: n. .- ,. 110 (pins 5,6)

BCD·TO:.Decima'·~.orW8r- ,. -- : •Mc676. '. - - 380 620, 648.» -v

Hex Inverter With StrOtaeJ.ti,.;..puUup):.,· '- .Mc677' 18 110 246/96 } 620, 648

He. Inverter With. strObe t\¥ithoutoutput"eslators) MC678 10 125 192/96 ) 620, 648

Dual Lamp Driver '>!.~:: . ..
"i.' 1·-;:'.

M~879,B 125 0.5 ~. typ 250/30 632, 646, .

Hex Inverter "
' .~" > • ~,. ':":" :<l>-_ ,MC880 10 110 246/96 ~ 632, 646--

Hex Inverter (ooen coJ~), MC681 10 125 192/96 ® 632, 646.. '.
Quad:~tdt ,= 'MC682 10 250 375 620, 648

Quad:2'~fn,;utE.clusive OR ".f . ' 'e. '. MC683 '10 - 380 632. 646

Decade 'COUnter ' --. .~':J~~ MC684 10 0.5 MHz 480" 620,648

Bin-v.,COt.HtW', '. .- ',"

MC686 .. 10 0.5 MHz 480 620,648-- ~'" ~

4-8Jt<shJfiA........: :>.;--:~; ;, "':"'7 ... ,ie · MC686 10 0.5 MHz 480 620,648

Dual J-:I(:,~~~,:.~i·.·:::'~·,;,.:~~;.,:,:'";,~: MC688 10 2.5 MHz 375 620,648

H".-1~(tHIt' ~L·;:1':~~'~;?;i:·.,.,,:·~:;_"~:}; " MC689 ..' 10 1150 173/58 (2) 632,646

H_"frM;'IiIJ~$-=~;~;~~;::!~y~~;;;;t":,~:::'''\-;''~';''!':;~':.,."
..- : :MC690 1~ :,1SO 1.73/55 (J) 632.646

.~ ," ....... ~

Semiconductor Products Inc,@ MOTOROLA

CD L suffix o'eno res Dual In·Line Ceramic Package. P denotes Dual In,Line Plastic Package (i.e:. MC660L = Dual t nLi oe Ceramic,
MC660P = Dual I n, Line Plastic Package).

@Inputs High/Input Low @fT o g

• New Devices

•
•
•
•
•
••

•
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(continued)

(1) 13

AU '2

....... 3.----
: (t) 4

(1) 5

:~~,~t7=!:t~~~j~";'"
"'.: ;:-:~ ',·ft)::· 2·;.~<;~~:~~~~~~;:;~:;

(1)·13

(1)-12; .'

"~::'§\;::;~ ..
6 .:3··~: 4.:.i"d':~i~

~::,1~::ag

(1 )

( 1)

(n
(1)
(1)

6ESTCOPY

.: .u, 8UO)

J ~)1 0,: ,.~~:-: ., . ',. .,.':~,;;;if~~~:~{';~;.

.C~}~;i~.~~;·';~:~~~;~t~ ';~D;~~;L:~i~a~~.;:L

3", -i

- (1) 8--.. ·.;,

..,. 10-......--.....',:.i;':'

(1) 12 ..:.......:.:.-~I'" ...'",,~,i:i

(1) 13

'I':',{~~.;~~?':.~' :~.' ._ ~-_". i""i·"-:;;'.,i:'.:,.":.'i-.".~....,--""--...-....
. . " &,.i:.t'fJt2 ....r

.~ :~~~ - _: . .::tt ..~~
tpd .. , ,0: ,.·tvp: ,':. '.", t:

Po • 88'mW' tvpipttg,tf"'"
26'mW t~~'1t~~:;:(~W;:;··f



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

(VCC = Pin 14, Gnd = Pin 7 for Case 646 and 632; VCC = Pin 16, Gnd = Pin 8 for Case 648 and 620.1

• GATES (continued)-------.... FLlp·FLOPS---------.,

•

(2)

(2) 2.

(2) 4--
(2)' 6'

(2)-' 9' '

(2)'.'-·10, '.
-~ -'~ i: ,~~\'." ~ :~..

C2f,t:2·: ',;. ;'

(2);.1~.

..
" .....~~~'~. :.. ~ ...

ES

.,-
.":<'~:ff~L:::~""

,1,": ';, ,',

d5PYc;;
'." .

•7 .....

1 (9)

13 (9)

'..-.:-..

" ~~ERATION
t. •

.. Q
I Q.
o Q,

I 0.
'0· . Q,

I 0
1 0
I 1
0' 1

''::'1--' :\t·· U

" (~·D.· §o).'~ -.'_: :: '.~
~, .\ ' .' :\f~

dock putN .

'.~ of, clock pulse

:.~~/.':
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c FLIP-FLOPS(continued)------------------------_

BEST COpy

EXPAN DER -""'""-----

.~;:I~~1rf.~,~.;
.~.~.;. . ,-

; '.: , .' . ..". ~~~;.~~:-:;,~;;~,::w

'DRIVERS--------------,

- . ,to ..~

.;;; ~5.hL.,(tL

.(1)~~.....;..... ··.·

l ~.:. :::::. . (1~5)
:.: (1)13
.:~:< 11 .

6·'.2.4·.5;~[31
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•

TRANSLATORS----------. INVERTERS--------~

(c o n t i o v e o '



MULTIVIBRATOR-----.

./

[ilJ [}{] 11 [1 LOGIC DIAGRAMS

8ESTCOPY
PULSE STRETCHER---~-----,



•
COUNTERS-----------------------.

BEST COpy

•

•

DECODER--------....., SHIFT REGISTER--------.



~ GO lJ [1 LOGIC DIAGRAMS

MAXIMUM RATINGS (T A = 250Cl

•
BEST COpy

MOTOROLA SenJiconduc-tor Produc-ts Inc.
80X 20912 • PHOENIX, ARIZONA 85036 • A SUBSIDI"RY OF MOTOROL" INC

j'J 5



INTEGRATED CIRCUITS FROM MOTOROLA

ISSUE C

PSUFFIX
PLASTIC PACKAGE

CASE 646

P SUFFIX
PLASTIC PACKAGE

CASE 648

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
noise environments far beyond the tolerance of other integrated circuit
families. Multifunction packages and broad operating temperature range
further tailor this device family to the industrial designer's requirements.

*MC660 Series (-30 to +7S0C)

•
• M H TL cermaic dual in-I ine devices are available with specification over the - 55 0C

to + 1250C temperature range and/or with hi-rei processing on special order. See
your Motorola representative for pricing.

l SUFFIX
CERAMIC PACKAGE

CASE 620

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

aeSTCOPY
l SUFFIX

CERAMIC PACKAGE

CASE 632

FUNCTIONS AND CHARACTERISTICS (Vcc = 15 V±. 1.0 Vdc, T A = 2SoCl

<D L suffix denotes Dual I n-Line Ceramic Package, P denotes Dual I n-Line Plastic Package ( t.a.. MC660L • Dual In-L ine Ceramic.
MC660P = Dual I n-Line Plastic Package)

® Inputs High/Input Low @fT o g

Case

Power
Dissipation

mW
typ/pkg

SelTliconductor Products Inc.

Propagation
Delay

nstyp

® MOTOROLA

loading
Factor

Each Output

Type CD
-30 to
+7SoCFunction

• New Devices

•
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I

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

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

FLIP-FLOPS----------

<:>

(2); 1."-~---'"

. (2l·.· ~:.~-,~I'--I,

GATES (continued)--...i------

•

•

•
(c o n t rrru ec )



~ GO 1J [S LOGIC DIAGRAMS

r FLI~.FLOPS (continued)

EXPANDER------.
BEST COpy

DRIVERS-------------,
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•

•

•

TRANSLATORS ----------------.

)0
C
O
U
Ien
LU
OJ

INVERTERS--------

··1
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[D] [X] lJ [1 LOGIC DIAGRAMS

MULTIVIBRATOR------. PULSESTRETCHER------------~



•
COUNTERS--------------------___

. ..~

6ESTCOPY

• DECODER--------- SHIFT REGISTER--------.

1;/'~~~
~t:~·~·:,~~: ~;.~~:.' .:~•
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- LINE DRIVER/RECEIVER -----.

BEST COpy



EXPANDABLE
DUAl4·INPUT "NAND" GATE

(Active Pullup)

ISSUE A

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

MC660

2

4

5

3 11

.~~..
4 6

5

3

1~~812

13

11

Positive Logic: 6 = 1 • 2·4·5· (3)

Input Loading Factor = 1
Output Loading Factor = 10

Propagation Delay Time = 110 ns typ
Typical Tota' Power Dissipation

Inputs High = 88 mW typ/pkg
Input Low = 26 mW typ/pkg

7

BEST COpy
ELECTRICAL CHARACTERISTICS TEST CURRENT/VOLTAGE VALUES (All Temperatures) I

Gnd

2. J. ;. t.,

1. 3 . .; ..).
1. 2. 3. i.
1. 2.3. -t •

1. t;. :

1. 2. -t • I,

\i, 10. 12. lJ
14

14

14

!
- i

14

14

142.4.
1.4.
1.2.
1, 2.

- I' H- H

VCEX I Vcc

I
' 6.14 !

i

v,

I -
I'
I -

! -

! -

I
, 1 i2. 4.

I 2 I' 1,4,
! 4 I 1,2,
! 5 11.2.

, - \

I !

i
I

= I

- 1 2.4,5 -

TEST CURRENT/VOLTAGE APPLIED TO PINS L1ST£D BELOW:

IOL IOH V1L V1H VF ! VR Vx VCEX I Vcc IVCCL 1VCCH ~

12.0 -0.036.508.50 )1,5 16.0\i.20 16.°115.0114.1):16.0:

!

Pulse Pulse
In Out

1 6
1 6

Vde

ns
ns

mAde

rn Adc

-15.0 I rnAdc I
, i

II 100 I ;oAde - 'I',

I I.

2~,0 I ;.l~del i

I ~ i ~ I :' !

i -1,20 rnAdc

1 ~

200
100

3.0 !I

10

100

i

_ I, 20 I

, i

: I

I I 2.0 !

I .• I =
I

I

I
i -

I -

: ,

I vOL 'J 1,5 II. - 1,5 1.5

I V
OH

6 . 12.5 12.5-

I - I i
I

- I ' ,

I ! I MC660 Test limits
! I Pin i-30°C +25°C! +75°C
. ,Under f--,---+----.--+----,------i
iSymbol I Test I Min! Max I Min ! Max i Min ! Max UnitCharacteristic

Forw.i rd Cu rr ent ,

Re ve r s e Cu r r eut

Output Leukag e
Current

:iwltchlll~ Times I

I

Output Vult;,~e

Shun-CircUlI
Current

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

•

Pins nOI listed are lett open.

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

• .:':. f.· l5OO:k"~:

.DUTY CYCLE • sow.

Ir, ' •• ~'

+-------,,.....---- 50%

+-----~-50%
,/

See General I nformation section for packaging.



EXPANDABLE
DUAL 4·1 NPUT "NAND" GATE

(Passive Pullup)

MHTL Me660 series MOTOROLA@

•
MC661

14

ISSUE A

This device consists of two expandable 4·input NAND gates with
passive output pullup.

1~~812

13

11 '

Positive Logic 6 = 1 • 2 • 4 • 5 • [31

Input Loading Factor = 1
Output Loading Factor = 10

Propagation Delay Time = 125 ns tvp
Typical Total Power Dissipation

Inputs High = 88 mW typ/pkg
Input Low = 26 mW typ/pkg

7

ELECTRICAL CHARACTERISTICS TEST CURRENT/VOLTAGE VALUES (All Temperatures)

God

i ';.:

I';

~ J ~. : t

1 ) _, "7 I

1.': j I
I " ,i

--'--i-7"1

I~

I~

I :~

1).1-1

;
i
i i

\ j
! !

I

i
I -

I : 2, -I.

i
2 I 1. 4.
4 i 1.~. !
5 I I. 2. i

I

i1 2.4. iii Iii
I I' 2. -I.
2 ,I. .;,
-I - i , I. )

! 1. 2.
I

I :
2
-I -
5 :

I'
i

mA I Volts

TEST CURRENT/VOLTAGE APPLIED TO PINS lISTm BELOW:

! - i i
- I ! _ ,

I
! l

i

12.0 -0.0316.50 8.50 !,1.5116.0 i.20! 16.0',15.0 \ 14,0',16,0

vee
Unit

i m Adv: - I - I - i
I Ii i I
! m Adc,ii - :
I 11 Pulse i Pulse '
i i In \ Out

I
I liS f 1 ' 6

- us iii 6

1.5

ii -I. 20 \ nrAdc I
, i

; I: , j , I

2.0 i .zAdc I

i I
i , ! , !

I 100,Ade i
i ; I

,
i

j

12.5
I

I, , i

-0. I) ! -1. 5 ! mAde!

1

100 !

, i

'I' 3.0 i
10 i

2.0 1

!

1.5

1-1.20 I
I '
! , i

i

I 250
, ! 100

12.5

,
-0. ti ' -I. 5

i

I

1.5

I

!
I
i -
!
I _
I

i
.1

! :

i
I
I _
!
I

t3 \

14 I
j

1-1 i

I,:e

I
C EX

'cci, ;
I

ICCH i

: i MC661 Test Limits
: Pin 300C +25°C! + 75°C
! Under :...1--~:"""":=--l--':""=';"-=------!--~-=----'

Symbol: Test I, Min Max Min Max I Min Max!

I
~ 1- 6. I' 6

,1-6- 6

Characteristic

P"Wt'r DL\ll1

C'.d"1"'lIl

'T,)l.d 1)"\'\("0. 1

F' rw.uo Cu rrent

nut;)ut Lf·.lK.l'..:.t.1

C'.,rl'l'::l

.~I1"J"I-Cirl"llit

cu rri-nt

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

•

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

~--------i'r--50%

+-----#---- 50%

-----------Gnd

1.5 kMC860

TP o ut
VCC

f = 500 kHz
DUTY CYCLE = 50%

--Jl.-+...---L----4--4'oo-Gnd•
See General I nformation section for packaging.



EXPANDABLE
DUAL 4-INPUT LINE DRIVER

MHTL MC660 series MOTOROLA

•
MC662

14

ISSUE A

This device consists of two expandable 4·input NAN 0 line driv
ers with active output pullup. This device allows fan-out to 30
MHTL gates and drives large capacitive loads.

Positive Logic 6 = 1 • 2 • 4 • 5 • (3 )

Input Loading Factor = 1
Output Loading Factor = 30

Propagation Delay Time =140 ns typ
Typical Total Power Dissipation

Inputs High = 180 mW tvp/pkg
Input Low = 26 mW tvp/pkg

11

15 k

....-1,....09

1.7 k

10 k
1 k

5 13

2 10

3

4 12

7
-:

•
ELECTRICAL CHARACTER ISTICS TEST CURRENT/VOLTAGE VALUES (All Temperatures) i
Test procedures are shown for one driver mA Volts \

only. The other driver is tested in the
IOL IOH V1L V1H VF VI Vx VeEx Vee VeeL VeeH!same manner.

15.9 ! 14.0 i 15.0 !35.0 -0.09 6.50 8.50 1.5 16.0 i.20 16.0

!
Pin MC662 Test LimitsI TEST CURRENT' VOLTAGE APPLIED TO PINS LISTED BELOW:IUnder -30°C +2SoC +7ScC

Characteristic Symbol Test I Min Max Min Max Min Max Unit IOL IOH V1L V1H VF VI V' VeEx Vee VeeL1 VCCH : Gndx
Uutput V"iloi~"l' \"OL ti 1.5 1.5 1.5 Vdc 6 I. 2. 4.5

I
14 ~

\'OH ti - 12. :) - 12.5 I 5 I 2.4. 14I
i

I 2

: I
I. 4. ! !i . - ; - ! 4 . - 11.2·I :) I

+ ,
+ I

- I I.:.- - , - - - I 3
, ,

:;hlJf{-Cin:lIt I
SC I 'j ! ,-10.01- 2 5. 0 -10.0 -25.0 m Adc - - I

I ! I~ I, ~, ~

Cu rrent i ! i I I

Ile\'er~ .. Cu rre nt II{

1
I

I
- I

I

2.0 I I 2.0 ,.Adl' j I I I~ I 2.3, ~ ,j,

2
i

- -
!

I - - - - 2 I l. 3, .;, ,oJ,! ! I I4 - - -
~

- - 4

I
1. "2,~. :1.

5 I - I
, - , - - - 5 - , ! l. 2,3, ~.i

UUlPUI Lt.~.Lk.l:;f· IC FX ti i I·
100 100 .zAdr 6.14 I i l. ~

. l urr e nt I I II ;

r'JI" x. 'rd Cu 1'1"'111 Ir i I I
I

-I. 20 I -I. 20 m Adc - I 2.4.

I
I~ ~

I 2 I - I i I - - - 2 I. 4,I ! I

I
4 - .

I
i - 4 I. 2. i

5 - - + , , 5 I. 2. ! , ,
PllWC'!' Dra m 'cci, 14 - - - 4.0 I m Adc

I I I
I 14 1. 2. .;. 1. -:.

Cu rrent i '.1,10, 12, 13
IT"lod Dl'\'l\'ei lCCH H - - Ii I

m Adc - - - I~ ~I
~''''''llC:lll\;'':' Tinle:: Pulse Pulse

I
In Out

I
1
1

_
6

_ 6 - - 250 ns 1 6 - - - - H ~

1
1_6

_ 6 - - - 100 - ns I 6 - - - - 14 ~

P:I:S IILlI l i st ed .r re lett open.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TP out

~----~r-- 50%

~------,~--50%

---------- Gnd

510

VCC

300PFJ

MC660

f· 500 kHz
DUTY CYCLE - 50%

__~~----L---t-f_Gnd

tf ~ 20 ns•
See General I nformation 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 kn 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

ocBA

0 0 0 .0

1"'1.

:) 30 k > .> .> 30 k

•
.> 30 k :>30 k >

.......-,

.......-,
..........

~...,

'-- J 0
L... J 0-----4 .-- J 0-~ ~J Of-- .........
~

M M M M
10 10 10 10
10 10

~C
10 kc 10

L-.-.< c o c o ...... o ~ o
~

~t
~ ~ ~

~ ~ ~ ~

-K Q K Q~ ...- K Q~ "'-K Q"-
Ro Ro Ro Ro

0 1 i I
...--

I~

f""lIIr

A B C 0

~
~~ ~~ 14MC683

\

0 0 0 0

~
,....

1 0 0 0 I .....
1 0 0 1 14 MC683

Vcc

Reset

Input

1 0 1 1

1 0 1 0
1 1 1 0
0 1 1 0 Each Diode = Y. MSo6150 Or Equivalent

[0 0 1 0

0 0 1 1
0 0 0 1
0 0 0 0



•
DUAL J-K FLIP-FLOP

MC663
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.

Input Loadi"9 Factor:
RD Input-2

.ClntNt a toiL..
.-.Otl\-.t~•• ~ ...-:-': .

.oU'1P\rt·L~~F8Ctor" 9

...•:.••s•• ' ..- ..': .~~ ~ ~-~~.,~~ .
.:,.r,;,..;, ';::-;.'L ~.-T".P~~~Jona200 mW typ.j~lr;:~,~·;:;·~?;~;:t?~2:~ ,

6

8'."

o

3-----'1

5

4

2 ..

.~., .-

Vee
14

g. This portion of the truth table refers to asynchronous operation.
Note that a low level on AD overrides all other inputs.

h. Rise (or fall) time of inputs should be less than 200 nanosec
onds measured between 6.5 and ~.5 volts.

TRUTH TABLE

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

e. This portion of the truth table refers to synchronous (clocked)
operation. Note that a "," to "0" transition of the J or K inpu t
should not occur while the clock input (e) is high.

b. I n • Kn • etc .• denotes the state of the input during the time
period t n; I n + 1. Kn+ 1. atc., denotes the state of the' i npu t

during the time period t n+,.

c. 0n+' denotes the state achieved by the output du ring the time
period t n+ l'

d. A "0" at an input terminal denotes low state (-1.0 V to 6.5 V).
"," denotes high state (8.5 V to 18 V). An "X" means that
either a "0" or "," rnav be applied.

a. t n refers to the time period immediately prior to an input tran
sition. t n+, applies to the time period after the transition.

tn tn+l
I n Kn Cn RD I n+1 Kn+1 Cn+1 AD °n+1

See
a a X. 1 X X X 1 Q n

Note
, 0 1 , , 0 a 1 1
a , , , a 1 0 1 0e

On
1 1 , 1 , , a 1

See
X X 0 , X X a 1 Q n

Note
, X , 1 a Kn 1 1 1

f X 1 , , I n Q 1 1 0
1 , 1 , a a 1 1 an

See X X X 1 X X X a aNoteg

2

K

15 k 15 k 6.0 k 15k

CIRCUIT SCHEMATIC
(1/2 OF CIRCUIT SHOWN)

15
15 k 6.0 k 15 k k

5

J

•

i. Inputs which are not used should be returned through a resistor
(2 kn-20 knl to Vee·

See General Information section for packaging.



MC663

./

-·ELECTRICAL CHARACTERISTICS

.nless otherwise noted. ;'sts are shown for
only one flip-flop. The other flip-flop is
tested in the same manner.

Q5

4

2

Q

C

K AD Q

6 9

10

12

J

C

K AD 5

8

13

y y TEST CURRENTIVOLTAGE VALUES (AllT~u...1

3 11 ...... VoIU

'OL 10H VIL VIH VF VR VCCL VCCH
10,8 -0.027 I 6,SO I 8.SO I 1.5 I 16.0 1•.0 I 16.0

PIn
MC663 T.. Limit.

TEST CURRENTIVOLTAOE APPLIED

~ ·JD"c +ZSoC +750C TO PINS LISTED BELOW:

Charaet.lltte Sot_I T_ Min M.. Min M.. Min M.. Unit 'OL 10H VIL VIH VF VR VCCL VCCH cp. Cpt, Grol

OulPu' VOlt. VOL 1 1,5 - 1.5 - 1.5 Vclc I - 2 3.5 - - 14 - 4 - 7
6 - 1.5 - 1.5 - 1.5 Vclc 6 - 5 2.3 - - I. - 4 - 7

VOH 1 - - 12.5 - 12.5 - Vclc - 1 2.3 5 - - 14 - • - 7
1 - - 12.5 - 12.5 - Vclc - I 5 2.3 - - I. - • - 7
6 - - 12.5 - 12,5 - Vclc - 6 2 3.5 - - I. - 4 - 7

Short C,rcult ISC 1 - - ~.5 ·15 ~.5 ·15 mAde - - 3.4 - - - - 14 - - 1.7
Reveul! Current IR 2 - - - 2.0 - 2,0 j<Aclc - - - - - 2 14 - - - 3.••5.7

31R 3 - - - 6,0 - 6.0 .. Adc - - - - - 3 2.•.5.1• - - - 7

21R 4 - - - 4.0 - •. 0 j<Aclc - - - - - • 14 - - - 2.3.5.7

IR 5 - - - 2.0 - 2.0 l'A6c - - - - - 5 14 - - - ; 2.3.4.7

Forwarc Current 'F 2 - - - -1.20 - -1.20 rnAclc - - - - 2 - - 14 - 4 7

21F 3 - - - -2.~ - -2.~ mAde - - - - 3 - - 14 - - 2.4.5.7

1.51F • - - - -1.80 - -1.80 rnAclc - - - - • - - 2.5.14 - - 7

IF 5 - - - -1,20 - -1.20 rnAclc - - - - 5 - - 14 - • 7

Po~r Ore", Current ICCl 14 - - - 16.7 - - mAde - - - - - - - 14 - - 2.3 .••5.7.9.
f80t" Fhp.Flopsl 10.11,12

ICCH ,. - - - 16.7 - - mAde - - - - - - - 14 - - 7

• t r S 200 ns

tf S200 ns
W ~200 ns

TOGGLE MODE TEST CIRCUIT

1.6 k

TPout'VCC
15 V

Q

0,...----4

VCC

o-....- ...--ac

MeS60r-------l
I f

2.0 MHzSo5vnr·
OV

l..-.-l- 250 ns

~ ~ 20 ns (10% to 90%)
tf ~ 20 nl (90% to 10%)
DUTY CYCLE - 50%

•
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SWITCHING CHARACTERISTICS

• .... ".,-:e.''''' :.. ~ . ,- .I'.

·->~r' ..:-):;~p~< .:._~~:
~ -.. ::

;-~"}-j:~~~~~';~'J'o~~~..;'~~':;: .:.

.... '!~.)-.;

._" .. ~ .. ~"~''''';':'' ,-

1 .~:" •• - # ~.'

Clock (e)

J

K

,..---------~----VOH

:'..,~ .'. - ....

J~~~- .....------VOL

,..---~-----+-----;....-+....----,-----VOH

~---VOL

tc_~

,..---~-----+------.....------+----VOH

~----_l~_#_+----+_~r_---+_+:..----__+_-:.lr_--6.6v

--,------+------~------+-------4----VOL

~~===4~---~~~==::::\J_----.L._~=8.5 v

_____...JJ~I----1~===~:....--------.,;\::===r--6.6V

a

•

•
..

-300c :moc +7!)OC

a...,l8tisdc Symbol Typ Min Typ Typ Units

Pl"Of)8g8tion Delay tR-Q- 65 - 60 66 nl

tR-O+ 150 - 180 210 ns

rc-u-. tJ-O+ 150 - 180 210 ns

tC-Q-. tJ-Q- 55 - 60 65 ns

tc-O-. tK-Q- 55 - 60 65 ns

tc-Q+. tK-Q+ 150 - 180 210 ns

Rise Time r-o. trQ 35 - 36 40 ns

Fall Time tfQ. tfO 5.0 - 5.0 4.0 ns

Operating Frequency f max 4.0 2.0 4.0 3.0 MHz
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•. REDUCE~~~~.~ ~i~;
It is sometimes .. .. . .. :..... -8 power

supply voltage of 12·_1~,.~~~·"'·specified16
"otts. Most MCe8i;;.~~':Wi~.,a 12
volt supply ..if<,:~,"Iif,"tlS.t7~" ··'···i·"{~",_t:.,;. fi..
Noise margins ·WiU·~11~,,-q~f~l'tii~bUt~..•nre
main approximately ,6'i~.~}~;"_;.;~.;6~.t,kJgic~

The supptementary:;~~.~~,Jab.e.I~
below can be used to i~~.~;of.~ QeWces:~ 12
volt supplies. The table uses ~~t~,tcU.Uow
a high degree of probabilitythat:ihe deviceS'will perform
over the temperature range of OOC to 750(; even if tests
are only made at 25OC. (If tests...madeat the temperature
extremes, IOL and IOH shouldbe' reduced to 4.0 mAde
and 15 #JAde respectively:'.-and "R' incr88Sed io2 #lAde.)

This table does not·~t.guarant8ed values, but
rather a set of reeommendeefiests to which the' MC663 may
be screened to insure operation at 12 Vdc•

TEST CURRENTNOLTAGE VALUES IAII Temperatures)

otherwise noted. tests are shown for mA Volts

0 one flip-flop. The other flip-flop is
tested in the same manner. IOL IOH VIL VIH VF VR VCCL VCCH

4.0 -0.012 6.50 8.50 1.8 12.25 11.75 12.25

Test Limits
Pin

All Temperatures<D
TEST CURRENTNOLTAGE APPLIED TO PINS LISTED BELOW;

Under
Characteristic Symbol Test Min Ma. Unit IOL 'OH' VIL· VIH VF VR VCCL VCCH CPa CPb Gnd

Output VOltage VOL 1 - 1.8 Vdc 1 - 2 3.5 - - 14 - 4 - 7
6 - 1.8 Vde 6 -' 5 2.3 - - 14 - 4 - 7

VOH 1 10.5 - Vdc - 1 2.3 5 - - 14 - 4 - 7
1 10.5 - vee - 1 5 2.3 - - 14 - 4 - 7
6 10.5 - Vde - 6 2 3.5 - - 14 - 4 - 7

Snort-Crecutr Current 'SC 1 -5.0 -10.0 mAde - - 3.4 - - - - 14 - - 1.7

Reverse Current 'A' 2 - 1.5 "Adc - - - - - 2 14 - - - 3.4.5.7

31A 3 - 4.5 "Adc - - - - - 3 2.4.5.14 - - - 7

21R 4 - 3.0 "Adc - - - - 4 14 - - - 2.3.5.7

'R 5 - 1.5 "Adc - - - - - 5 14 - - - 2.3.4.7

Forward Current IF 2 -0.55 -0.80 mAde - - - - 2 - - 14 - 4 7

21F 3 -1.10 -1.60 mAde - - - - 3 - - 14 - - 2.4.5.7

1.51F· 4 -0.80 -1.20 mAde - - - - 4 - - 2.5.14 - - 7

IF 5 -0.55 -0.80 mAde - - - - 5 - - 14 - 4 7

Power Drain Current ICCL 14 - 12.0 mAde - - - - - - - 14 - - 2,3.4.5,7 .9.10.11.12

(Both FIIP·Flops) 'CCH 14 - 12.0 mAdc - - - .. - - -. 14 - - 7

• TRICAl CHARACTERISTICS

Pins not I,sted are left open
CD Best results obtaIned if T A limited to OOc to 750C.

•
t r ~ 200 ns
tf ~200 ns
W ~200 ns
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• 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 kn 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

ocBA
0 o 0 o

f"\

.> .> .
30 k ~30 k'> 30 k '> 30 k .

.... 1...

....,

......,
.....
... '

f"\

-- J a L... J a~ "-J at-- Io--<~ ~J QI--~M ,...... M M MM\O M \0 M\O M \0\0\0 \0 \0 \0 \0 \0 \0\ON \0 N \0 N \0 N
L...--.( c u ...

~C u ... "-MC u ... '-- r-<c u ...
~ o ~u ~ ~ ~ u
~ ~

~~ ~ ~ ~
~ ~ ~ ~

~ ~
~ K a K a~ ~ K at-- J-- K 01--

AD AD AD AD

.... r i I...,

~
I~.......

A B C 0

~
~~ ~~ ~ MC683

\

0 0 0 0 LJJ_ I~

0 0 0 I ......
1
1 0 0 1 ~ MC683

VCC

Aeset

Input

•

1 0 1 1

1 0 1 0
1 1 1 0
0 1 1 0 Each Diode = Y. MSo6150 Or Equivalent

0 0 1 0

0 0 1 1
0 0 0 1
0 0 0 0



DUAL J-K FLlp·FLOP

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 VCC de
vice (MC663) and the extended 12-15 volt VCC device (MC12663l,
are schematically indentical. The MC12663 meets the MC663 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
MC663 dual-in-line ceramic is also available (suffix t l.). This device
meets the -30 to +75 standard specifications at -55 to +125 respec
tively.

6a5

4

2

MC663
MC12663

•
3-----'

9

10

12

11------J

8

13

Input Loading Factor:

AD Input .. 2

C Input .. 1.5
Other Inputs .. 1

OutPut Loading Factor .. 9

fTog .. 3.0 MHz typ

Tota. Power D'.'pat'on .. 200 mW typ

CIRCUIT SCHEMATIC
(1/2 OF CIRCUIT SHOWN)

15
15 k 6.0 k 15 k k

•

• 5

J

Vee
14

5.0 k

7
Gnd

5.0 k

4

C

15 k 15 k 6.0 k 15 k

2

K

TRUTH TABLE

t n t n+1

I n K n Cn RD I n+ 1 K n+ 1 Cn+ 1 RO On+1

See
0 0 X 1 X X X 1 an

Note
1 0 1 , 1 0 0 1 1

0 1 1 1 0 1 a 1 a
e

On1 1 1 1 1 1 a 1

See
X X 0 , X X a 1 an

Note
, X 1 1 0 Kn 1 1 1

f
X 1 1 1 I n 0 1 1 a
1 1 1 1 a 0 1 1 On

See X X X 1 X X X 0 a
Noteg

a. t n refers to the time period immediately prior to an input tran

sition. t n.l applies to the time period after the transition.

b. I n • K n • etc.• denotes the state of the input during the time

period t n; I n + l . Kn+,. etc .• denotes the state of the input

during the time period t n+ 1.

c. 0n+' denotes the state achieved by the output during the time

period t n:" t-

d. A "0" at an input terminal denotes low state (-1.0 V to 6.5 V l.
"1" denotes high state (8.5 V to 18 V). 'An .. x .. means that

either a "0" or "'" may be applied.

e. This portion of the truth table refers to synchronous (clocked)

operation. Note that a "1" to "0" transition of the J or K inpu t

should not occur while the clock input (C) is high.

f. This portion of the truth table refers to dynamic J·K operation.

Note that the clock input (e) must remain high for this mode of

operation.

g. This portion of the truth table refers to asynchronous operation .

Note that a low level on AD overrides all other inputs.

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 r esrs to r

(2 kn·20 kn) to Vee·

See General I nformation section for packaging.



MC663. MC12663

./

ELECTRICAL CHARACTERISTICS

•
ss otherwise noted, rests-are shown for

yone f lip-flop. The other flil>flop is
tested in the same manner.

Q5

4

2

6

K AD Q

9

10

12

J

C

K AD 5

8

13

y ~ TEST CURRENTNOl TAGE VALUES (All Tempor.'uresl

I

3 11
mA Volts

10l 10H V'l VIH VF VR VCCl VCCH
10.8 -0021 '650 8.50 1.5 16.0 14.0 16.0! I MC663 To.. l,m,"

TEST CURRENTNOl TAGE APPLlEO

I
Svmbol I

Ptn
Und... -30°C +25 0 C +75 0 C TO PINS LISTED BELOW' ICh",C1er,stlc Test i Min M.. Min M.. Min M.. Unit 'Ol 10H Vil V'H VF VR VCCl VCCH

,
CPo CPb GndOLtto", ! VOllage- VOL 1 - 1.5 - 1.5 - 1.5 vee 1 - 2 3.5 - - 14

I
4

I I
76 - 1.5 - 1.5 - 1.5 Vde 6 - 5 2.3 - - 14 4 7VOH 1

I
- - 12.5 - 12.5 - Vdc - 1 2.3 5 - - 14 4 71 - - 12.5 - 12.5 - vee - 1 5 2.3 - 14 4 76 - - 12.5 - 12.5 - Vdc - 6 2 3.5 - 14 I 4 7SnOrt C,rClJlt 'SC 1 , - - -6.5 -15 -6.5 -15 mAde - - 3.4 - - - 14 1.7Aeverse C:.Jrrent I R 2 - - - 2.0 2.0 ~Ade - - - - - 2 14 i 3.4.5.731R 3 - - - 6.0 - 60 ~Ade - - - - 3 2.4.5,14 - - 721R 4 - - - 4,0 - 4,0 ~Ade - - - - - 4 14 2,3.5.7'R 5 - - - 2.0 - 2.0 ~Ade - - - 5 14 .. 2,3.4.7Forll"¥ara Current 'F 2 - - - -1,20 - -1,20 mAde - - - 2 - 14 .. 4 , 721F 3 - - - -2,40 - -2,40 mAde .. - - - 3 - 14 2.4.51.51F 4 - - - -1.80 - -1.80 mAde - - .. - 4 - 2.5,14 7'F 5 - - - -1,20 - -1,20 mAde .. - - .. 5 - - 14 - 4 7Power Drain Current 'eel 14 - - - 16,7 - - mAde - - - - - - 14 2.3.4.5.7,9.

IBotl"l F HO·F IODS)

10,11.12icc« 14 - .. - 16.7 - - mAde - - - - - - 14 .. 7

• t r ~ 200 ns
tf ~200 ns
W ~200 ns

a~----.

•

2.0 MHzsosvnr
OV

.l...--!- 250 ns

tr ~20 M (10% to 90%)
tf ~ 20 ns (gO% to 10%)
DUTY CYCLE - 50%

TOGGLE MODE TEST CIRCUIT

Vce

MC660r-------l
I I

r>--+--+--o c

Vee end ground connections to the devices ere not shown.
FNqUency at TPout must be ~ frequency et TPlno

Q

TP o ut VCC

15 V

1.6 k

X 90 PF



• SWITCHING CHARACTERISTICS

..~~::.

VOH

VOL

VOH

VOL

VOH

VOL

VOH

VOL

tK _Q_

8.5 V

6.5 V

#---------Il~-----~~----~-----_+""--8.5 V

"'#--t-------t-lIIr-------JI.-------~----+_----"--6.5 V-------"'1

K

Q

J

Clock (e)

•

-3C)Oc 25°C +7SOC

a..r8Ct8ri1tic Svmbol Typ Min Typ Typ Units

Propagation Delay tR-Q- 55 - 60 65 ns
"

tR-Q~ 150 - 180 210 ns

tC-Q+. tJ-Q+ 150 - 180 210 ns

tC-Q-. tJ-Q- 55 - 60 65 ns

tC-Q-. tK -Q- 55 - 60 65 ns

tC-Q+. tK-Q+ 150 - 180 210 ns

Rise Time trQ. trQ 35 - 36 40 ns

Fall Time tfQ, tfQ 5.0 - 5.0 4~0 ns

Operating Frequency f max 4.0 2.0 4.0 3.0 MHz
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• 'MC12663 - EXTENDED 12-15 VOLT SUPPLV
VOLTAGE OPERATION

Most MC663 devices are operable at a VCC as low as
12 volts, there are times when it is necessary to guarantee
the 12 volt VCC 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 characterlsucs.

MC12663ELECTRICAL CHARACTERISTICS -
TEST CURRENTIVOLTAGE VALUES (All Temperaturesl

,.
Unless otherwise noted, tests are shown for

mA Voltsonly one flip-flop. The other flip-flop is
tested in the same manner. IOL IOH VIL VIH VF VR I VCC

8.0 -0.016 6.50 8.50 1.5 12 I 12

Pin Test Limits TEST CURRENTIVOL TAGE APPLIED TO PINS LISTED aELOw:
Under -30QA ";.750C 1

Characteristic Svmbol Test Min Max Unit IOL IOH Vil VIH VF VR VCC CPa CPb Gnd

Output Voltage VOL 1 - 18 Vdc 1 - 2 3.5 - - 14 4 7
6 - 18 Vdc 6 - 5 2.3 - - 14 4 1

VOH 1 110 - Vdc - 1 2,3 5 - - 14 4 I 7
1 11.0 - Vdc - 1 5 2.3 - - 14 4 I 7
6 11.0 - voc - 6 2 2.3 - - 14 4 ! 7

Short Circuit Current ICS 1 -4.5 -12 mAde - - 3,4 - - - 14 - i I 7

Aever~e Current IR 2 - 2.0 "Ade - -. - - - 2 14 - I ; 3A5.7

31R 3 - 60 "Adc - - - - - 3 2,4.5.14 ! !
7

21R 4 - 4.0 "Adc - - - - - 4 14 !
i

2.3.5.7

2.0 - - - - 5 14 - i
23,4.7IR 5 - /lAdc -

i

Forward Current IF 2 -0.55 -10 mAdc - - - - 2 - 14 - 4 i 7

21F 3 -110 -2.0 mAde - - - - 3 - 14 - I 2.45

2.5.14
I 71.51F 4 -0.80 -1.5 mAde - - - - 4 - :

IF 5 -0.55 -1.0 mAde - - - _. 5 - 14 4 i 7
I

Power Drain Current ICCl 14 - 12.5 mAdc - - - - - - 14 - 2.3.4.5 7.9.10.'

t80th Flip·Flops) ICCH 14 - 12.5 mAdc - - - - - - 14 .. 7

•

Pins not listed are left open
:~ Best results Obtained if TA limited to OoC to 750C.

• t r ~ 200 ns
tf~200ns

W 2200 ns ./



CIRCUIT SCHEMATIC

A dc coupled R-S flip-flop operating on the master-slave
principle. Information is entered in the master section
while the clock pulse is high and is transferred to the slave
when the clock goes negative.

•

•

MC664

10-----

3

4

2---,(1

a 6

DIRECT INPUT
OPERATION

RO So a a
1 1 He He
I 0 1 0
0 1 O· 1
0 0 teA NA

ISSUE A

CLOCK ED.OPERATION .

t" tn+1
51 52 R1 R2 a
0 X 0 X 0..
0 X X 0 a.
X 0 0 x a.
X 0 X 0 a.
0 x I I 0
X 0 1 1 0
I 1 0 X 1
1 1 X 0 1

., 1- 1 '. 1. I U

Vee
14

11

----oR 1

3.0 k

6.0 k

5.0 k

15 k

9

.---4--------~---+....~---_+---_t_"<lQ

3.0 k

12 k

6

ao-----+.---....;.........- ....--+----'-----t---_.

5.0 k
2

C

6.0 k 6.0 k 6.0 k

9.0 k 9.0 k

3
51

-- 4 5.0 k
52

5 7 10

AD Gnd So

See General Information section for packaging.

'C'. -"OTOROLA INC 19n



.MC664

ELECTRICAL CHARACTERISTICS TEST CURRENT / VOLTAGE VALUES (All Temperatures)

TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BElOW:

mA I Volts

•
GroundVCCL VCCH ICPo

VC CL VCCH

V.

V.

16.0 IH. 0 16.0

V,

1.58,50

loi I 10H

9.6 -O.OH 6.50

: Pin i MC664 Test Limits
! Under! -30~C ! +25cC +75°C I

Symbol i Test j Min! Max, Min' Max Min IMaxiUnitCharacteristic

VOL f.,' ! 1. 5 1. 5 1. 5 ! Vdc

~; - I
9
9

Output
Voltae e

12.5
12.5

12.5
12.5

6.
6
6
9
9
9

3,4, II, 12
4 3,5, II, 12
3 4,5, II, 12

3,4, II. 12
II 3, 4, 10, 12
12 3,4,10,11

5
10

14
14

10 I ,

2,3,4,7,10,11. 12
2,3,4,5,7,11, 12

Short-Circuit
Current

[SC - I -6.5 -15 mAdc
-6, 5 -15 rnAdc

2,5
2.10

10
5

14 I
14 I

6,7,9
0,7,9

Reverse
Current

2§
2t
3
4
5
10
II
12

8,0
8.0
2.0

j

8.0 "Adc
8.0
2.0

5
10

2, II, 12
2,3,4

2
2
3
4
5
10
11
12

14
14
14
14
14
14
14
14

3,4,7,10, II, 12
3,4,5,7,11. 12

2,4,7
2,3,7

7
7

2,7,12
2,7, II

Forward
Current

2
2
3
4
5
10
II
12 ~ I

- -3.60
-3.60

- -1. 20

I
-3.60mAdc
-3.60
-1. 20

1

5
10

2
2
3
4
5
10
11
12

3,4, 11, 12
3,4, 11, 12

2,4
2; 3

2, 12
2, 11

14
14
14
14
14
14
14
14

I -

7. 10
5,7

7

~ 7
2, I, 10, II. 12

2,3,4,5,7
7
7

Pins not listed are left open .
• Apply momentary ground to pins 9 and 10 prior to clock pulse
;Apply momentary ground to pins 5 and 6 prior to clock pulse
§Apply momentary ground to pin 9
t Apply momentaryground to pin 6

tr~1.0 j,ls (10% to90%)

tf ~1.0 us (90% to' 10%)

I ! 200 ns
! I 12.5 V

Lr1.5V

Power Drain
Current

[CCL
[CCH

14
14

14.5
14.5

mAdc
- mAdc

·1I200ns

r1- 1 2. 5 V

-.-J L-1.5 V

tr~1.0 us (10% to 90%)

tf ~1.0 j,lS (90% to 10%)

14
14 1

2 , 3 , 4 , 5, 7,: 10,11,12
: I
I

•
TOGGLE MODE TEST CIRCUIT

'...."',: tr..~.:. '"

•• 0" ". .',:~

Vee" 15 V

"......~....-4....--_... ,.,,·r

MOTOROLA SenJiconductor Products
BOX 20912 • PHOENIX. ARIZONA ,,5036 • A SUBSIDIARY OF .,.OTOROLA INC.

Inc.



TRIPLE LEVEL TRANSLATOR MHTL MC660 series MOTOROL.A

MC665

This device IS a triple unit capable .of translating MHTL logic levels to i\1RTL.
ivl0TL, or :'/lTTL logic levets. This device is useful when using 'v1HTL devices as
oer iohera: c.rcuitrv for a hiqhsoeed. low-level logic system. Translation to MOTL
and ,\!TTL levels is oorainec by applying 5.0 volrs to terminal 13 and leaving pins
4, 9. and 12 open. ,."nlle translation to ,\1RTL is achieved by applying 3.6 voits to
oms 4. 9, and 12 P:n 13 may be lef t open for use with ivlRTL. Expander nodes
are avauaote on two of the 'units. Utilizing the expander node. the MC665 may be
used as a :\J,j,I\JO gate with iVlHTL input levels and MRTL. \/l0TL. or MTTL out
put levels. The ,\1C669 dual 4·input expander used With the expander node allows
the transtatorto function as a multiple input NAND gate.

JANU.ARY :':.':

1/3 OF CIRCUIT SHOWN

11~10

Positive Logic: 3 = i"":'l'2T
Negative Logic: 3 ~ 1TT'2T
Input Loading Factor = 1

Output Loading Factor:

MOTL. MC830 series" 8

MTTL. MC3000 series" 5.5

MRTL. MC800Pseries" 5

Power Dlulpation" 83 mW typ/pkg (DTLI
104 mW typ/pkg (ATLI

Propagation Delav Time:

t+- ,. 30 n. typ

t-+ ,. 40 nl typ

• Use pin 9 for second translator and pin 12 for third translator.

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

FIGURE 1

Yo MC660

HTotal capacitance, includi.ng jig, probe,
and stray capacitance.

Vee" 15 Vdc on pin 14
VCT" 5 Vdc on pin 13
GND" 7

FIGURE 2

TP o u t

--"""~--"""'----+-f'II-GNO

tf ~20ns

f· 500 kHz
DUTY CY L.E • ~

" MC825P

Vee. 15 Vdc on pin 14
VCR· 3.8 Vdc on pin 4

GNO· 7

MHTL, MATL, MDTL, and MTTL are trademarks of Motorola Inc.

See General I nformation section for packaging.



:lECTRICAl CHARACTERISTICS 1- r )'--3 TEST CURRENT ! VOlTAGE VALUES
rest procedures are shown for onlv one 2 .~ --"----_.--_. ------- - ._---~-_._-_.. _-,--~._-.

@Test mA . Volts
ranslator. G { }. -. H

l~o~'~~~~;~~~j~~:Fol~'~ >, ~'~~'c,v.c,: v.c,~!..> . -~:~
Temperature Vee VCCL

VeOi

1\ ·r)-10 -30T 1:,,11 1·1 II Iii II

+25'( I~.O -II.:> ti.:. OllU 7,0 16.0 7.2 H.'. I.:. :._1) :1. Ii 1:, II 1-1.11 Iti.11
--"-. -_. -_ .. -. "------ - --- --- -- - ---- -- -- ---- -_._-_. ~---_ ..- -

+75( 12.0 -ll. 5 G.5 U 7!! 7 0 Ifi. 1I 7 ~ 11:1 I.:, '•. 11 :I. Ii 1:1 II 1·1.11 lti_1I
------ ._----- -- --- - ---- -- -- - - .- --._- .---..-- .- . ,'-

Pin MC665 Test Limits TEST CURRENT / VOlTAGE APPLIED TO PINS LISTED BELOW:f----.---..-- ---- ... -.. ---- ------------ -----. --. ~ ..---

Under -30"C +25"C +75'( -------------,-- ---- --- -----..._------- ,- ----.-.- ---

f-------- ... _--- ---.. -- 1----.--- -.-.,--

lot IOH V1l VON Vl VR Vx VIH Vf VCT VCR Vce VCCl VeeHCharacteristic Symbol Test Min Max Min Max Min Max Unit Gnd

Oulpul VollaKe VOL 3 0.4 0.4 0,5 VII.. :I \ 1:1 101 7
3 0.29 O. ~ti 0, :H VII.. I ·1 1-1 7

Vou 3 3.0 3.' I - 3. is Vd.. :1 I 1:1 1-1 'I

3 3.0 '- 3.1 I 3. J:i Vdc 3 2 1:\ 1-1 7

VC EX
3 6.75 1i,75 6.7:i Vd.. 1:1 I-I 1,'7

1--._'- --_. --.._.. -----. f-.---- .... ..-_._- --- .-------_.__ . -- .. --.- .. _.- -- - . - -

Shorl-Circull 1:)(..- 3 -I. 75 -3 25 - I. 7:) ,3.25 -1 75 -3.2:) IIIAdl' 1:1 1'1 1.:\,li.'7.11

Cur rent 3 -3!! -7.3 -3 !! -7. :! -3. !! -'/3 IIIAil .. ·I,~I. U 1·1 I ,J,".7, II
-- --- ---_. f-----_ --_ ..- _._-- ~--_.-..:... -- --.._-.-. .~ - ---- - - -- - -- -- ..-

Rever se Cur reu; II( I 2.0 2.0 2. U I,Aill' I 1:1 1-1 :~, "/

--' '---- ~----------1-:_--- 1--------- -------- .-.-._------_.,.. - --- -- _._--. - "'. - ..-.

Oulpul Current IA5
3 -3.00 -3.00 - -2.115 iliAd.. I :J ·1 (·1 '1

_. - c-------- --- -_._--~------ 1----._- _._..-.._- --"-'-' . --,----- - -._- .. _-"-- ---- I· .. -- -----

.'ocward Current 'F 1 -I. 2 -I. 2 -I. 2 IIiAlh- I 1:1 1·1 7

.-._---- ------ --...'-. -----. ---- -- - --- ----. - --- 1- - .. _._-.. ' ., -- .'-

Powcr Druin I
CC L

14 3.9 ru Ad .. 13 1'1 l,ti.-I,ll

Cur reut

I I

[Total Device] 'CCII
14 9.5 Ll 'I

'CTII
13 9.4 IJ j

'CHU
4.9+ 12 20.7 'l.~.l ~

--~-- -- ---.-
--p~ise-

._--- -- -.--~ .-------- "----- _._- .. --~ . • 0 __ --- ._---- .--..,---- --_....- ... ---.._"..-.._- ---"- -'--"--'--

Pulse
In Out

Switching Times 1.1.3_
. 3 100 liS I :! 1:1 (-I 7.

j
150 I

I j
t:l I

j11_3 • I

11• 3_ t 125 I 01 I
I

•11_3• I 175 , •
-I

@
I
0

~
~ :II
: 0
~ ,..
: ~
~ eft
~ CD

~ 3
:II ....

~ n
~ 0
~ ::J
~ Q.
~c

· n
Ul ...

: 0
~ ,
•

;l
~ Q.
~ C
~ n
2 ....
n •

....
~n

·To perform the lesl, til'C trgur« I.

t To perturru the I~SI. SL'I' lI~urc 2.

Pill.ti nut lltilcd are lell opell .

e
BEST COpy

e -
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I

J

12 MHTL

6

MDTL 12

MTTL i l

MRTL 13

ELECTRICAL CHARACTERISTICS·

Test procedures are shown for only one
translator.

:~o
@

TEST CURRENTIVOL.TAGE VALUES

Test rnA Volts

:9I~11
Temperature 10l IOH VR VON Von Vx V,H V, V. Vee VCCl VCCH

-30'C 12.0 ·0.03 I. 1 1. 20 0.570 0 2. 1 0 4.0 - 14.0 16.0

10~ +2SOC 12.0 -0.03 1.1 O. SBO 0.500 1.8 I." 0 4.0 15.0 14.0 16.0

+75'C 12.0 -0.03 o. s 0.355 0,450 - LH 0 4.0 0 14.0 16.0

Pin MC666 Test Limits TEST CURRENT / VOLTAGE APPIIEO TO PINS LISTED BELOW,
Under -30'C +25'C . +75'C

Characteristic Svmbol Test Min Max Min Max Min Max Unit 10l 10H VOl VON VOFf Vx V,H V, V. Vee VCCl VCCH Gnd
Output Vollage VOL 12 - r.s I _ 1.6 0 r.s Vdc 12 2 0 13 0 0 0 14 0 7

J2 - 0 0 i.s 0

~
12 - - 1 - 0 -

~
7,13

VOH 12 12.5 12.5 - 12.5 0 0 12 0 13 - 2 - 7
J2 12.5 0 12.5 0 12. 5 0 - 12· 2 13 - - - - 0 7

Short-Circuit
'SC J2 -6.5 -15.0 -6.5 -15.0 -6.5 -15.0 m Adc - - 0 2 - - 0 14 7,12,13

Current

Reverse Current I
R

2 - 6.0 0 5.0 0 10.0 IJAdc 0 0 - - 0 2 14 - '/,13

Output Leakage 'CEl< 12 0 100 0 100 0 100 J1Adc - 0 0 - - 2 - 0 0 12,14 7,13

Current

Forward Current 'F 2 0 -I. 5 - -I. 4 - -1. 33 lllAde 0 - 0 - - 0 2 0 - - 14 7,13

Input Current I. 13 - 150 - '50 0 150 lJ.Adc, 0 - - 13 • 0 - - 2 - 14 7

'"
Power Drain 'CCL 14 0 12.4 0 - mAde - - 0 0 - 0 - - 0 0 l4 2,4,5,7,8,10,13

Current
(Total Device) ICCI:I 14 - 0 0 6.0 - 0 mAdc 0 - 4,10,13 - 0 0 0 - - l4 7

Pulse Pulse
IR Out

Swilching Times '2+12+ 2,12 - - 0 200 - 0 ns 2 12 - 0 13 - 14 7

12• 12_ 2,12 0 0 100

1
2

1
0 - ,

'3 - 0 - 0

1
-

ji 13+12t 12,13 - - 200 - 13 2 - - - - 0 -

1
13_ 12_

12,13 - - 100 0 13 2 0 - - - - -

@
I
0

a
~ ~
: 0
~ ,..
~ ~

•
, ~ CI)
, ; "

~ 3· -.~ t)
~ 0
~ ::2
~ Q,
· c
• t)
~ ...
~ 0
~ '"•

~ l
~ Q,
~ c
• t)i ...
n III

...
::2
t)

.~:

Pill::; not hxtcd art' left upen.

'. e e; ~

i;li



TRIPLE lEVEL TRANSLATOR

•
MC666

This device is a triple unit that translates MRTl, MOTl, and MTTl
logic signals to MHTllogic levels. Each unit is divided into two sections,
one capable of handling M.RTl signals and-the other operating from MDTL
and MTTL signals, The second section also has an expander node avail
able which, in addition to the normal expander function, allows the usage
of high voltaqe diodes to translate from high voltage circuits. The. input
associated with the unused section should be grounded for proper opera
tion of the active section.

1/3 OF CIRCUIT SHOWN

"~-----o-----+----e----:ovcc '

MOTLl
2

MTTLl, __~

MRTL 13

5

6-~

4

ISSUE A

12 MHTL

3

......1-4---0 M"1TL

12

15 k 15< 15 k 1.5 k

a

9-~

10

11

•
2

MOTL 0-4111-.........1-<>-1

E~pandero--_-J

7
Gnd

1.5 k

13
MRTL

PO$ltive Logic; 12 =:2 .[11+ 13

Negative logie: 12 = (2 + (11) .';1
Input LOading Factor:

MDTL MC830 .rift '" 1'-0
MTTL MC3000 .riel • 0.8
MRTL MC800P .... i.... 1.0

Output LOading- Factor = 10

Totel Power OltJipation '" 105 mW typ/pkg

Propa~tionOelav Time:

t++ .. 75 nl typ

t· -- 35 nstyp

SWITCHING TIME TESTCIRCUIT AND WAVEFORMS

•
',~-'

-r. ,.'::"

TPin
MOTL

TPout

TPtn
MRTL

4.0 V -,-_.,

500 ns 1.5 V

=~~--~== Gnd

t- -

==~+--~~= Gnd
t- -

f - 500 kHz

MHTL. MTTL. MFlTL. and MDTL are trademarks Of Motorola Inc.
See General Information section for packaging.



DUAL MONOSTABLE
MULTIVIBRATOR

MHTL Me660 series MOTOROl.A @ I

Input Loading Factor = 1
Output 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 Vee
and pin 3( 11) instead of using pin 4( 1OJ.

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

•
MC667

---8=2
1 T SS

o 6 ---8= 1 2

13 TSS
o 8

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 tirninq 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 logic "0"
output. Outputs utilize active pullup circuits
to minimize output impedance.

eext

r----~~---~
I A I ••• - Vee
I Rint . -< L

r---- "\:-1
I 1 T

14

Vee

.....---.......-+-4-<) 2 "1"

.....-411__.......-4--0 1 2 .. 1 ..

35

9 11

I 13T -<~-+I - -- R ex t

L-----1~ ~ Vee
eext

1.5 k

1.5 k

"0" 60-.......--1....-..

"0" 8 O-.....--t...--4111

•

•

See General I nformation section for packaging.
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
monostable multivibrator. The other mono
stable multivibrator is tested in the same
manner.

~

Q
en....,

-£=2 -£=12
T SS 13 Ts,S,
060 8 TEST CURRENT / VOLTAGE VALUES (All Temperatures)

rnA Volts

IOL IOH lin V1l V1H VF VR VRX VCC VCCl VCCH

12. a -0.03 0.2 6.50 8.50 1.5 16.0 -13 15.0 14. a 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 IOL IOH lin V1l V1H VF VR VRX VCC VCCl VCCH Gnd

Output Voltage VOL 2 - 1.5 - 1.5 - 1.5 Vdc 2 - 3 - - - - - - 14 - 7
5t - 2.8 - 2.8 - 2.8 - - 3 - 1 - - - - - 7
5t - 2. 1 - 2.1 - 2. 1 - - - - - - - - - - 1,3,7
6 - 1.5 - 1.5 - 1. 5 , 6 - - 1 - - - - - - 3,7

VOH 2 12.5 - 12.5 - 12.5 - - 2 - - - - - - - - 1,3,7
5'" 12.8 - 12.8 - 12.8 - - - - 1 - - - - - - 7
6 12.5 - 12.5 - 12.5 - - 6 3 - - - - - - - 1,7

Short-Circuit I
SC

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

! - - - - - - - - - - I 4,7
5* -19 -40 -1!J -40 -19 -40 - - - - - - - - - - 1,5,7
6 -6.5 -15 -6.5 -15 -6.5 -15 - - 3 - - - - - - - 6,7

Reverse Current t n 1 1 - 2.0 - 2.0 - 2.0 u Adc - - - - - - 1 - - - 14 7

I
n 2 3 - -2.0 - -2.0 - -2.0 11Ade - - - - - - - 3 - - 14 7

Output Leakage 'CEX 2 - 100 - 100 - 100 11Ad~ - - - - - - - - - - 2,14 3,7
Current 6* - 100 - 100 - 100 11Adc - - - - - - - - - - 6.14 7

Forward Current IF 1 - 1.2 - 1.2 - 1.2 mAde - - - - - 1 - - - - 14 7

Power Drain I
CC L

14 - - - 17.5 - - mAde - - - - - - - - - - 14 . t ,3,7,11,13
Current
(Both Units) t

CC H
14'" j - - - 23 - - mAde - - - - - - - - - - 1,13,14 ,7

Pulse Pulse
In Out

Switching Times 11+2 I 2 - - - 275 - - ns 1 2 - - - - - - , 14 - - 7
11+6_ 6 - - - 75 - - ns 1 6 - - - - - - 14 - - 7

Pins not listed a rr- left 01)('11.

'"Pin 4 connert ed 10 pill 3
tPin 4 connected 10 pill 5
iPin 11 conne ctrd to pin 10

• e e
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• SWITCHING TIME TEST CIRCUIT. WAVEFORMS AND DEFINITIONS

f = 500 kHz

DUTY CYCLE = 50%

TP o ut "1"

1.5 k

TP o u t
"0"

100

.I pF

+----+-~-50%

-+-r-------.---G N 0
tl+6-

-+r-----I---- 50%

"O"-+--======~__
-jt'+2+tPW "''':j OND

TPOut~ ~50%
----------GND

Pulse Width: PW .. l .. ~0 ..7 RT CT -125 x 10-9 } RT in ohms
PW ..O" ::::::l0. 7 RT CT +125 x 10-9 CT in farads

CT and RT are timing resistor. and capacitor.

RT in ohms

External Timing Resistor: 5.0 kn ~Rext~56 kn•
Recovery Time: tR ... 3 CT x 103

PW x (100)
Duty Cycle: DC::::::l

PW + tR

tR in seconds
CT in farads

APPLICATION INFORMATION

Circuit Operation

1. Any value of external capacitor (Cext) may be used
for the timing circuit. If an external resistor is used
(20 kD internal is provided). 5.0 kD ~ Rext ~ 56 kD.

2. The generated pulse width (PW) is calculated as fol
lows:

PW"1" ~ 0.7 RT CT-125x 10-9} RT in ohms
PW"O" ~ 0.7 RT CT+125x 10-9 CT in farads

~ \75V r
!--PW'·l·,--j ~

3. Input pulse width may be as narrow as 100 ns.

~
--1"~v ~

i-- 100 ns ----1

4. Sufficient recovery time must be allowed between
input and output pulses. Recovery time is that per
iod of time which the multivibrator requires for the

capacitor to reach its quiescent state after triggering.
Recovery time begins after the end of the output



TP o u t

I

t••t.ndecl >oscill.tion ...i..·--

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

C. let the output of the MC667 drive two active
pullup inverters (MCsaO) or gates connected as
a Schmitt Trigger. The trigger goesfrom the high
to the low state at a threshold of approximately
6.5 volts. The oscillation then appears at a vott- ,

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 TPout.

::0--. To Clock

\
TPout

'----

-tR~

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. VCC should be bypassed at
the package by a capacitor if false ~ri9gering 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.

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

tR =3 CT x 103 tR in seconds
CT in farads

6. If the output pul. width is approximately 0.25 ms
or greater, the logic "1" output faU'time will be
greater than 1.0 ~s. If the logic "1" output is used
to clock a flip·flop. this long fall time may cause
improper toggling due to noi. 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
lessthan 0.5 us.

TYPICAL APPLICATIONS (continued)

,/



• TYPICAL APPLICATIONS (continued)

Application Ideas

The configuration shown in Figure 1 is a gated astable

multivibrator. Pulse widths may be varied by changing
time constants "t 1" and "ti'.

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 ti me

of the multivibrator following that pulse.

FIGURE 1 - GATED ASTABLE MULTIVIBRATOR FIGURE 2 - GENERATION OF A SEQUENTIAL PULSE TRAIN

A2

""--8SS

1
I ,

__ oJ • a
ENABLE

•
L ENABLE

A1

A2

--fl INPUT

-.J I . A1

~t1~ r- 250 ns

_____I L- A2

~t2~

TYPICAL CHARACTERISTICS

FIGURE 3 - OUTPUT PULSE WIDTH
versus CAPACITANCE

FIGURE 4 - LOGIC "1" OUTPUT FALL TIME
versus OUTPUT PULSE WIDTH
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MC667

TYPICAL CHARACTERISTICS (continued)

• FIGURE 5 .;.. RECOVERY TIME
versus CAPACITANCE

FIGURE 6 - NORMALIZED RECOVERY TIME
versus TEMPERATURE

.'
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C. CAPACITANCE (J,LF) T A. AMBIENT TEMPERATURE (oCl

. '
FIGURE 7 - NORMALIZED OUTPUT PULSE

versus SUPPLY VOLTAGE
• FIGURE 8 - NORMALIZED OUTPUT PULSE

versus TEMPERATURE
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VCC. SUPPLY VOLTAGE (VOLTS) T A. AMBIENT TEMPERATURE (oCI

•
MOTOROLA Serniconduc"for Produc"fs

BOX 20912. PHOENIX. ARIZONA tl50J6 • A SUBSIDIARY 'OF MOTOROI..A INC.

Inc.



QUAD 2-1 NPUT "NAND" GATE
(Passive Pullupl

MHTL Me660 series MOTOROL.A '/....A
.'-....---.

MC668 '-lARCH , ...-

This device consists of four 2·input NAND gates with

passive output pullup.

Positive Logic: 3 = 1 • 2

Input Loading Factor = 1
Output Loading Factor = 10

Propagation Delav Time = 125 ns tv o
Tvoical Total Power Dissipation

Inputs High = 176 rnW tvp/pkg
Input Low = 52 mW tvP/Pkg

7 ::3 py
L----------------------it-::lH:::~rl!----~-

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
gate. The other gates are tested In the
same manner.

mA

TEST CURRENT VOLTAGE VALUES: All Temoeratures.

Volts

'):; :

')L J i .

i J
i 'j;;

0

,';:I~
3

I,

, ,

TEST CURRENT VOLTAGE APPLIED TO PINS LISTED BELOW·MC668 Test Limits

+25'C +75'C

Min Max Min Max Unit 10l

i. 'j l. ') ";'.1<.: .]

, ) ,,) )

.- ;." ) ,

.:) .; -1 -; ) .; -[ i mAcu:

-30'C

Min Max

Pin
Under _

TestSymbol

I

i

i.~ ,," -'.. ..
i

I
i
i Characteristic

14
:.

: 2
e 1

e ) e ) _,-\Je
e 0' J ~ .J , .-\cll·

j 100 \.)1) .. \ltc

! ,I ~/J -1- co ':..\ue
e -, ~IJ -1- ~o ~\.-\ue

t 4 o, a .~ 1.-\de

... ----_ .. -- _..-
i.f '. 20 '1.-\de

Pulse Pulse
In Out

J zso :1S 1 J
3 100 :15 1 J

i, _]_
1 -1-

... ,. i '.,
i
:

!\~" .. ' :.:n...:'. ~

, -~--------------------+------------------------ -, ... -..--.
!:-. :"'''''',/':': ----
I

I!, .'." ;;:-",,,
j .~~

Ie" r: ::.. .
~-...-~.-:..::...:..:_----..-------t-;;:-;---~----------.---I~'.':', ... .: .:
I

i

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TPo u t

f = 500 kHz
DUTY CYCLE" 50% -------- - ... --- GNO

TPi:-'--'Io\----F50%

--i---------- GN D

--t1t-3-tl-3+~

L ~-TPoU~...JL--------- \.:.50%

VCC

1.5 k

100pF I

MC660

- t r ~20 nl

10%

90%

50%

----------------......- G N D

~ tf s 20 ns

See General I nformatlon section for pack aging.
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-~~~~~?i3: ':;';_:
QUAD 2-INPUT "NAND" GATE

(Passive Pul!up)

MC668 ISSUE A

• 3 14 11

3 k 3 k

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

3 k

6 7 8

3 k

~D-3

:D-.
9~8
10~

::D-11
Positive Logic: 3'" 1 • 2

Input Loading Factor - 1
Output Loading Factor" 10
Propaptlon Oefev Time· 12~ ns typ
Typical Total Power Dissipation

Inputs High" 176 mW typ/pkg
~nput Low • 52 mW typ/pkg

•
TEST CURRENT /vOLTAGE VALUES (All Temperatures)

mA Volts

IOl IOH V1l V1H VF VR VCEX Vcc I VCCl i VCCH

15.0 [
I

12.0 -0.03 6.50 8.50 1.5 16.0 16.0 14.0 i 15. t) i
I

Pin
MC668 Test limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BelOW: i

!
Under -30°C I +2SoC +7SoC

VCCl IVCeHICharacteristic Symbol Test Min Max Min Max Min Max Unit IOl IOH V1l V1H VF VR VCEX Vce Gnd

Output Voltage VOL 3 I
1.5 1.5 I,; 5 I

1.5 Vde J 1.2

I
14 i i

V
OH

3 12.5 I 3 1 I 2 14 i
3 12.5 12.5 I

,
3 2 1 l-l i ,

Short -Ci rcuit I
SC

3 -0.6 . -1. 5 -0.6 -1. 5 I m Adc i 14 1.3. i
Current I

Reverse Current I
R ! 1 . 2.0 2.0 l /lAde 1 14 I

~ -I

I2 2.0 2.0 u Adc - 2 14 i
I 1. i

Output Leakage I
CEX

3 100
I

100 u Adc

I
3.14 I I 1. i

Current i I
Forward Current IF 1 - - - -1.20 I -1. 20 mAde 1

I
2 14 i i

I
2 - -I. 20 -1.20 rn Adc 2 1 I 14 I i

Power Drain (CCL 14 - 6. a
I

rn Adc i 14 ; 1. 2.4. i. i
Current i '9. 1\). 12. 1:1
(Total Device) (CCH 14 20 I m Adc --:'-14-'1--'-"7----

SWitching Times Pulse Pulse
i

!

In Out

~1-3.
3 - 250 ns 1 3 14 I iI

3 - - - 100 ns 1 3 14 j 7
1·3- !

Pins not listed are left open.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

----------- GNO

l00 PF I
. ~:~ ~ "0\.""t~:e ~'\...;~;·r::) ~\ .,,- .....:.. ~'~..~.

f· 500 kHz
DUTY CYCLE • sm.

__"""'""I----...L----4-~GND

tt~20·,.,•
See General I nformation section for packaging.
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ISSUE J-

2 '\
3~\::::::r=t--F-~ 4

't933=>'10 . ,
-~1112

13 . '

Positive Logic: 4 .. 2 • 3 • 5 • 6

This device consists of two independent high voltage 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
while having negligible effect on their performance.2 13

~ ~

3 12

~ ~

4 II

5 10

~ [1 ~

6 9

7
~ ~

MC669

•

•
See General I nformation section for packaging .

Input Loading Factor" 1

., -.

•

ELECTRICAL CHARACTERISTICS TEST CURRENT / VOLTAGE VALUES
ITest procedures are shown for only one (All Temperatures)

expander. The other expander is tested in
mA Voltsthe same manner.

IF VR

1.2 16.0

Pin MC669 Test Limits TEST CURRENT / VOLTAGE APPLI ED

Under -30°C ! +2S oC +7SoC TO PINS LISTED BelOW:

Characteristic Symbol Test Min Max Min Max Min Max Unit IF VR Gnd
Forward VF 4 - 1. 1 - 1.0 - 0.9 Vdc 4 - 2.7
Voltage

I
-

I
- I - I I I - 3.7

- I - - - 5.7
t - t - - , - 6.7

Reverse I
R 2 - 2.0 - 2.0 - 2.0 u Adc - 2 3.:1.6.7

Current 3 -
I

-

1
-

1
1 - 3 2.5.6.7

5 - - - I - :1 2.3.6.7
6 - , - - - 6 :2.3. :). 7

~ i
2I

R
4 - - - 4.0 - - - ·l i 7

Pi ns not l i steel are left open
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TRIPLE 3-INPUT "NAND" GATE
(Passive Pullup)

MHTL MC660 series MOTOROLA ®

;3D-6

1~~-8
11~

~~12
13~

MARCH 1968

Propagation Delay Time = 125 ns typ
Typical Total Power Dissipation

Inputs High = 132 mW typ/pkgo
Input Low = 39 mW tvp/pkg

Positive Logic: 6 = 3 • 4 • 5

Input Loading Factor = 1
Output Loading Factor = 10

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

B STCOPY

714

.--+---<J6

'--+--+---0 8

'--+--+---0 12

30--14-+---14 I ......... A___---i

50-....--'

9O-~I--.............

100-...1---4

1 1 (')-~---'

MC670

2o-~I--'"

13(')--W--

•

Gnd

J. 'j, -:I~

i
i .\.;)

3.5 !

3. -t

i

3. -t. 5

3

! ;

TEST CURRENT:VOLTAGE VALUES (All Temperatures)

TEST CURRENT, VOLTAGE APPLIED TO PINS LISTED BelOW:

mA Volts

IOL I IOH I V1L V1H VF1VR TVCEX !Vcc I'VCCl ! VCCH
12.0 i -0.0316.50 0.50 1.5116.01 16.0! 15.0! H.O ,16.0

Vdc

Unit

1.5I. 5 !

, i ' ,

-0.6 I -I.;) I -0.6" -I. 5 ! mAdc

: r I

12.5 12.5

MC670 Test limits
+25°C I +75°C !

Min I Max I Min I Max I
! I. 5

- i -

! !
I !

, 6

\'OL

\'011

i Pin I
r---=--:-::-:-r----=-=-:::-::---r----:~-=-----.-___i

' Under [ -30°C i

Symbol: Test i Min i Max iCharacteristic

ShOl'l-Ci rcuu
Current

Output \'vlt.,~e

ELECTRICAL CHARACTERISTICS

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

•

I I !

= I ~~ I - I

J, :

J, 1, :
'J. -t • ,

1. 2.3,4, i, 7,
'J, 10, I!. 13

14

14

14

;

6.H

3 I

; !

! - I

i 3 I -t,5 i
i ~ I 3.5 i
: ~ : 3,4 i

! I

- I - I
I i-

I I

Pulse Pulse
In Out
3 6
3 6

1

\

- ns
- ns

- i rnAdc
i

- ! mAde

2.0 I ,.Ade
!

, i ,

-I. 20 I ntAdc, I
, ! '

I 100 I ,.lAde
! j

- !
!

100 I

2.0 '

!

-I. 20

i 15 ;

! -t.5 i

i
j - ~ -

- I -

t "

t~:::

Fo rwu rd Co r r eut

Power Dr.uu
Cu r r ent
(Tul.l1 Devin')

Out put Le''',:..~e

Cu r rent

Swrt ching Ti me s

Pins nul listed .. t e left open.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

VCC

-#---------'\-- 50%

-'------I~--50%

-----------GND

1.5 k

loopFI

~MC660

tf :! 20 ns

f-- 500 kHz
DUTY CYCLE • 50%

---++---~---~~GND

TP o ut

•
See General I nformation section tor packaging""
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TRIPLE 3·INPUT "NAND" GATE
(Active Pullupi

MHTL Me660 series MOTOROLA

MC671

This device consists of three 3·input NAND gates ,,"IU, Je'I':

output pulluo.

BEST copy

90 ~

10~

11'~

»
12k ~

1::: ~

2~

1::;~

....... '~ . ::;:cr6
1~~8
11~

~~12
13~

Positive Logic: 6 - 3 • 4 • 5

InOut Loading Factor -c 1

Output Loading Factor = 10

Prooagation Delay Time = l 10 ,-,s ;r;;
Typical Total Power Otssto a n c o

Inputs High = 132 mW tYO'OKg

Input LOw = 39 mW rv o, 01<9

., i

j ., ."'t i

J -I

i
I

I

i
I
I
I

1
i

TEST CURRENT VOLTAGE APPLIED TO PINS LISTED BELOW

j ,

I

I !I !V V I V \11 'V ~
oi ! OH i u I IH! VF R! CEX cc Vcci 'I,::,,;

i . -e . i I ; i

~ I ;
4

!

Pulse I' Pulse
In Out
3 I ?

1 I ?

i !
i v h'
I

, -! 20! :-:1','\'JC I
i , !

I 2 ,) :

I , i

I ioo \

I
i
i

i
!

I

or) ;

1')1} I

I

- I ,~I) I

t !
-I. jl

I

~ :> I

; 2 ) I
!

I
I

I
! I
I I
\

200

100

i :

i

i
).1)-

J ,Ii·

- - ,.•...: 1

i

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
gate The other gates are tested In the
same manner.

i-- -r---~~,-' ----.-:-..~--'--,~-::;.-----" i !

~: c.--~,~--Il\'-:~~~;:-J----t-:--~-~-----+----+--....----+---'!---"-----+------------ ..- -.
l- . ~\_.__~,--~i;_ __+!--~-~----~-~--_-__+--~-_-~--.--~-----.
i ' ,:"iC" I :, 4 ! I
i u __ . i----+-:_i_~_!-i'--+--!----+-----'----..---+---+---+---+-~--~-~-_i_--~--~--
I :l··... t~r ;'f i! I! \:CL. i.

I

; 4 l. I ""'::.\~1C • II' -].:.: - ; . !

! '~-,.~ ..:. ,_. . . r !~--':-I~-------,.--+----+-...,....,-------+----'-:,-:n-.-'.~-,-dC f--"I_--f--~--~-l,i~,__ ~!.----:---_i-.-,
i i ",'CH I -
~:---------- "----+----l------t.--------+------+---t----+---+--:-~::_:-t--~-~-~-~------.,..-.

.....~ ..

i

I

I
i
i, Characteristic
,....-----------'-------------------.....-----+----+-------...----..;..-~----------------

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

\ -0"\:::l ""
--tJ-c-

GND

TP "\. c=-o'·in \:.... oJl: J .,

j-
I

tJ-6+ r-----;
I;/

TPo~

1.5 k

VCC

MC660

, 4'~

,-.

f = 500 kHz
DUTY CYCLE = 50%

10%

50%

90%

----------''---------GND•
See General I n f orm atro n section for pacKa'ging.
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ISSUE A

. ':,".

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

8

12

Y---<J6

14 7

MC671

12 k

3o---..f---+--
4 '--W~_-1

5~

10-....--+---1
2 1'--IIl~__---1

13

90-"'-+--1
1 a "-.........I--_~

11

TRIPLE 3-INPUT "NAND"GATE
(Active Pu!lup)

•

•
ELECTRICAL CHARACTERISTICS TEST CURRENTiVOlTAGE VALUES (All Temperatures)
Test procedures are shown for onlv one rnA Volts
gate. The other gates are tested in the -IQl IOH V1l V1H VF VR VCEX Vcc ,VCCL VCCHsame manner.

12.0 -0.03 6.50 8.50 1.5 16 a 16.0 15.0 14 0 ~ r) .',

Pin MC671 Test limits TEST CURRENT iVOlTAGE APPLIED TO PINS LISTED BElOW:
Under -30cC +25°C +75°C

Characteristic Symbol Test Min Max Min Max Min Max Unit IOl IOH V1L V1H VF VR VCEX Vcc VCCL VCCH Gnd
Out out V'''I.!~e VOL

f) 15 1; 15 Vrtc 6 3.4. 5 14 7

\'OH 6 12.5 12.5 Vde 6 3 4 ..; 14,
I I I 4 3.5I

+
, • 5 3.4 , ,, ,

I
SC

6 -6.5 -15 0 -6.5 -15.0 m Adc 14 3. ~ 7Short-Cireuil
Current I

R.·\·p r se Cu r rent [R 3 2 0 2.0 ,: Adc 3 14 -t . 1 7
.4 I

~
I 4 !

'J)

5 + ,
5 , 'J. 4 7

--
OtJiOUI Le.rkaue [CEX 6 _. 100 100 " Adc 6. 14 ·.3.7
Cu r r e m

-I. 20 ~ I. 20 rnAdc 3 4. 5 14 -F« rwa r d Cu r rent ff 3

~ i ~
4 3. 5 '.4

5 , 5 3.4 , ,
14 I ! 2.4

.
Pnwer Drn n [CCL 14 4.5 rn Adc ,..

'.... 11).11 i .~Cu r r eru
14 7(T"I.ll Devi c e ' [CCH 14 15 mAdc

Swr t rh i rnr Time." Pulse Pulse
In Out

6 200 ns 3 6 14 7
13 -6·

6 100 ns 3 6 14 7
13 -6-

Pins nut l r sre d .rre leir open.

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

~~---~-s0,6

~:;;;'-~-':'-----GN.O

See General I nformation section for packaging.

. .'~10rO:JCL:" i'.C "j



QUAD 2·INPUT "NAND" GATE
(Active Pullup)

MHTL MC660 series MOTOROL.A ®

Positive Logic: 3 =~
Input Loading Factor = 1
Output Loading Factor = 10

Propagation Delay Time = 110 ns typ
Typical Total Power Dissipation

Inputs High = 176 mW typ7pkg
Input Low = 52 mW typ/pkg

ISSUE A

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

13

10

r-.....,....09

876

5

4o-",-+-~

MC672

2

3 14 11

'------_~--~~~·o·pv

•

Gnd

1;

;'; if

14
14

3. 14

i 1

i 2 1

I

!

, I
2

!

! T 1 .) I i 1~
3 I!: 2 i 4
3' 2 1 14

,

TEST CURRENT, VOLTAGE APPLIED TO PINS LISTED BELOW:

IOH ! V1l I V1H I VF i VR ! VCEX ; Vcc VCCl

mA I ~~

TEST CURRENT' VOLTAGE VALUES (All Temperatures)

12.0 /. -0.03: 6.50 fl. 50 I. 5 ! 16.0 1'16.0 , l'i. i)! 14 'I

I i I I!

: ..\d('

Vde
Vde:

\'de

.i Adc
.Adr

Unit

m Act«

! 2. I) 'I
2.0

100 I

i !
Ii -1.20: mAdc

-1.20! I1I.-\CI<'

2.0
2.0 i

1,)0

! l.'i : - : I.:l !
! 12 'i I

12 'i ! I

-I'i.') : ·6.:i ! -1'i.0 I
I

MC672 Test limits
+25"C ! +75°C !

Min i Max Min i Max i
12 1

I
12. 'i

-fl. 'i !

:

,
!
i

"

3 1. 'i

Pin i-! -r-r-r- :.....-_:..;:- .,.--_--j

Under! -30°C! 1---....,....---.,...----------,-----.,...------
Test: Min: Max!SymbolCharacteristic

()\I11>UI !.'·.,k;l"C' [('I-: X
(':.1 rr('111

ELECTRICAL CHARACTERISTICS

Test procedures shown are for one gate
only. The· other gates are tested in the
same manner.

•

! l'llAdC
I i mAdc
1 1

14 i
I

14 I

I
I

"
'3

1-3 - I

! \'·3-
! 3
I

i

! I

!
I\~

ns

Pulse ; Pulse i
In : OUf .
\ 3 I

!
3 !

i

! I
t 4

14

Pi!l~ Ill)1 ll:--If'd .i re left open.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

90%

TPo ut
VCC

--~-+-----''-----t--t-Gnd

tf S 20 ns

f - 500 kHz
DUTY CYCLE· 50%

MC660 1.5 k
-+----~~-- 50%

--#-------\r- 50%

Gnd

See General Information section for packaging.

\!-.....
l; .... OTO"OL .. '·.C '. I
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•

•

•
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8

6

Positive Logic: 6 = (1.2) + ([3t.4. 5)
Negative Logic: 6=(1+2). ((3J'-+4+S)

Input Loading Factor = 1

Output Loading Factor. = 10
Propagation Delay Time = 110 ns typ

Typical Power Dissipation:
Inputs High" 160 mW typ/pkg
Input Low .. 50 mW typ/pkg

ISSUE A

..•.~'.:::;;..~ .....,. 4':-;<$~

MHTL MC660 series MOTOROL~~~'/

...-_+---o 10

~~..... t--o 9

~"""---~-O13

'----.....---012

r-----u 11

6 7 8

Gnd

2

3

4

5

13

12

3 k 15 k 3 k 11

10

9

MC673

EXPANDABLE
DUAL 2-WIDE 2·INPUT

"AND-OR·INVERT" GATE
(Active Pullup)

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.

•

•

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

~~~::~~·&O~J~i:;~~"
_~~~:L '''~:;~\<:''~'cc.,; ....

.. --,- ,'" ::~~-:-:"'....' .~..... .': ..:...... '... ......
,". ~.~'

•••~~.f!. ,'-r~~"". a.:.->~. ,:'1 t"':':1-:

b--....-~..

--#--------1.- 50%

----------Gnd

./

...:~.~ .

See General Information section for pack aging.



3:
o
Q')
'"'-J
W

•e

~~6
13~
12~

Pms 1101 listed are 1efl open.

8 TEST CURRENT / VOLTAGE VALUES (All Temperatures)

mA Volts

'
m IOH V1L V1H VF VR VCEX Vee VCCL VeeH 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 1m IOH V1L V1H VF. VR VCEX Vee VCCL VCCH Vx Gnd

Output Vo1ta~e VOL 6 1.5 - 1.5 1.5 Vde 6 - 1,2 - 14 - 4,5,7

6· - 1.5 - 1.5 - 1.5 Vdl.' 6 - 4,5 - - 14 - 1,2,7

V
O II

6 12.5 - 12.5 12.5 Vdl: - 6 1 2 - - 14 4,5.7

I I
-

I I I I
2 1 - - -

I
- - 4.5,7

- 4 5 - - - - - 1,2,7

- - - 5 4 - - - 1,2,7

- - - - - 4,5 - - - - - :3 1,2,7

Short-Circuil I
SC

6 -6.5 -15.0 -6.5 -15.0 -6.5 -15.0 m Ad« - . - - - - 14 - 1,4,6,7

Current

Re ve r se Current In 1 - 2.0 - 2.0 - 2.0 /JAde - - - - 1 - I4 - - 2,7

4 - 2.0 - 2.0 - 2.0 /JAde - - - - 4 - 14 - 5,7

Output Leakage I
C EX

6 - 100 - 100 - 100 /lAde - - - - - 6 - 14 - 1,4,7

Current

Forward Current IF 1 " -1.20 - -1.20 -1.20 IIIAck - - - - 1 2 - - - 14 - 7

4 - -1.20 - -1. 20 - -I. 20 IIIAde - - - 4 5 - - 14 7

Power Drain I
CC L

14 - - 5.5 - - ru Adr - - - - - - - 14 - 1,2,4,5,7,9,10,12,13

Current
(Total Device) I

CC H
14 - - 15 - - IIIAdc - - - - - - - - 14 - 7

Pulse Pulse
In Out

Switching Times t .. 1,6 - - 200 - - liS 1 6 2 - - 14 - 4,5,7
1-6+

11+6- 1,6 - - 100 -

j
I

j
- 2 - -

j
- - 4,5,7

14- 6 + 4,6 - - 200 4 - 5 - - 1,2,7

14+6-
4,6 - 100 - 4 5 - - - 1,2,7

ELECTRICAL CHARACTERISTICS

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

••

@
I
0

~
~ ~ :xl
~ )( 0
~ ~ ,..
{) '"

;: ~
~ .

1)

<; ~ en
~ ~ tD
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:u ....

~ n
; 0
~:1
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•

EXPANDABLE
DUAL 2-WIDE 2·INPUT

"AND·OR·INVERT" GATE
(Passive Pullup)

MC674

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.

2

3---""
4

5

6

ISSUE A

Positive Logic: 6 == (1 .2) + ([3) .4.5)
Negative Logic: 6" (1 + 2). ([3")+4+ 5)

Input Loading Factor == 1

Output Loading Factor == 10

Propagation Delay Time == 125 ns typ

Typical Power Dissipation:

Inputs High ~ 160 mW typ/pkg
Input Low :or 50 rtIW typ/pkg

Vee
14

3 k . 15 k 15 k 3 k

12 k 12 k

13

2 12

3 11

4 10

5 9

12 k
12 k

3 k 3 k

• 6 7 8
Gnd

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

13

12

11----,

10

9

8

•

..:.

--~----'-----+-+- Gnd

tf ~ 20 ns

f .. 500 kHz

DUTY CY LE = 50%

See General I ntor rna non section for packaging.

TPout Vee

1.5 k

J.'OOPF

~-----#----50%

-#------.+-- 50%

----------Gnd



,------------

13®u- TEST CURRENT / VOLTAGE VALUES (All Temperatures)
12

11 8 mA Volts
10 IOL IOH V1L VIH VF VR VCEX VCC VCCL VCCH Vx

9
12.0 -0.03 6.50 Ii. 50 1.5 16.0 16.0 15.0. 14.0 iu.o 7: 2

Pin
MC674 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 IOL IOH V1L V1H VF VR VCEX Vcc VCCL VCCH Vx Gnd

Output 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

VOH
6 12.5 - 12.5 12.5 Vdc - 6 1 2 - - 14 - - 4,5,7

! j
-

j
-

j
-

j
-

j
2 1 - - - -

!
- 4,5,7

- - - 4 5 - - 1,2,7
- - - 5 4 - 1,2,7
- - - - - 4,5 - - - - - :3 1,2,7

Short-Circuit I
s C

6 -0.6 -1. 5 -0.6 -1. 5 -0.6 -I. 5 mAde - - - - - - - - 14 - 1,4,6,7
Current

Rever-se Current I
R

1 - 2.0 - 2.0 - 2.0 ILAde - - - - - 1 - - - 14 - 2,7
4 - 2.0 - 2.0 - 2.0 ILAde - . - - - - 4 - - - 14 - 5,7

Output Leakage I
C EX

6 - 100 - 100 - 100 /lAde - - - - - - 6 - - 14 - 1,4,7

Current

Forward Current IF 1 - -1. 20' - -1.20 - . -1. 20 m Adc - - - - 1 2 - - 14 - 7

4 - -1.20 - -1.20 -1.20 m Ad« - - - - 4 5 - - 14 - 7

.' Powe r Drai 11 I
CC L

14 - - - 5.5 - - m Adc - - - - - - - - 14 - 1\2,4,5,7,9,10,12,13

Current
(Total Device) I

CCH
14 - - - 15 - - ru Adt: - - - - - 14 - 7

Pulse Pulse
In Out

Switching Times 11_6 + 1,6 - - 250 - - ns 1 6 - 2 - - 14 - 4,5,7

11+6- 1,6 - - - 100 -

j
I

j
- 2 - -

j
- 4,5,7

14_ 6+
4,6 - - - 250 - - 4 - 5 - - - - 1,2,7

14,6-
4,6 - - 100 - 4 5 - - - - 1,2,7

\'.
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ELECTRICAL CHARACTERISTICS

. Test procedures are shown for one gate

only. The other gate is tested in the same
. manner.

Pins not li stcd are lef't open.
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DUAL PULSE STRETCHER

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

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

6

8

ISSUE A

I;.p.,t LCMdI", Factor" 1
Output Loeding F ector'=" 10
Power Dlaipetion .. 180 mW per pack/typ
Propagetion Delay:

Pins. 1,8 .. 150 ns typ

Plnas.. 8 .. 110 M'typ

2

9--------

5-------......
12

13

BESTCOPV

1.5 k

.-.......-06
(8)

3k3k

1/2 OF CIRCUIT SHOWN

r----- --~-------,
~ I :~: eext

Rext y Y 3 I 14 ....L..
(J-_J'./'./'".-_.J '-- (11) 4 (10) Vee -=

Vee Rint

MC675

Gnd
'--JVV'v-...- ...--...---.-----+--4..--......----<) 7

The MC675 is a dual monolithic pulse-stretcher which gives an output pulse 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
oortant. 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 immun ity of MHTL.

Flexibility is provided through the use of a two-input NOR gate at the output. With
this input low r • the output conforms to the definition of a pulse-stretcher. By applying
the input waveform to all three input terminals simultaneously. the output conforms to
that of a pulse-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.)

•

•

•

~S20 ns

'TPiI"n' vi~ - +8:..,V", TIt:-··,·v .--+16 V
~.; cc

=~+------+-~===:: Gnd

--....;;.-~~~~~---Gnd

:~"?\
.". ~,

·..~~~~~~--....;...----~=Gnd

~; , f-r.R ' •

.~.....

. See General I nforrnarion section for packaging.
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When the device is connected in the Pulse Stretcher configuration:

1. Pins 5 and 9 must be grounded.

2. The output pulse, tout. equation is: tout ~ tin + 0.3 R ex t (C ex t + 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 should be connected together.

2. No output pulse ~ill occur for an inR,ut noise pulse of tin < 10 Ce)(t·

3. The output pulse, tout, equation is: tout ~0.3 R ex t (C e)({ + 35 pFI.·

·tin and tout are in seconds, Ce x t in farads. 3.0 k ohms ~Re)(t S;; 100 k ohms.

2

5 ,

12

~~P-8 TEST CURRENT!VOLTAGE VALUES (All Temperatures)

rnA Volts

IOl IOH V1l V1H VF VR VeEx Vee VeCl VeeH
12.0 -0.03 6.50 11.50 1.5 16.0 16.0 15.0 J.I.O 16.0

Pin
MC675 Test Limits TEST CURRENT!VOLTAGE APPLIED TO PINS LISTED BELOW:

Under -30°C +25° +75°C r--- -_..-

Characteristic Symbol Test Min Max Min Max Min Max Unit IOl IOH V1l V1H VF VR VeEx Vee VeCl VeeH God
Output Vult~~e VOL

.
6 - 1.5 - 1.5 - 1.5 Vde 6 - 1,2,5 - 1-1 7

! + +
-

+ ! +
- - 2 1,5

~ ~- - - - 1 2,5 - - -
VOII

. 12.5 - 12.5 - 12.5 - 6 5 1,2 - -

-f--

Shurt-Circuit Current ISC
.

6 -6.5 -15.0 -6.5 -15.0 -6.5 -15.0 m Adr - - - - 1,2 - I~ 5,6,7

Reve r se Current If{ I - - 2.0 - 2.0 - 2.0 IlAde - - I 1~ 2,7
2 t' - t -

~ ~
- - - 2 t - - 1,7

5 - - - - - 5 - - 7

Output Leakage ICE X· 6 - 100 - 100 - 100 IIAde -- - - 1,2 6 .1-1 5,7
Curr-ent

--
Forward Cur rent IF I - -1. 2 - -1. 2 - -1.2 IIIAdc - - - - 1 2 - 1~ 7

2 - t - t - t t - - - 2 I - -

~ t5 - - - - - - - 5 -
1
3

3 - - -0.6 -1. I - - IIIAdc - - - - - - 3,7

Puwer Drain Current ICC!
.. 14 - - - 20 - - m Adc - - - - - 1-1 1,2,5,7,9,12,13

(Duth Units) ItC2
.. l-l - - - 24 - - I - - - - - 5,iJ I 1,2,7,12,13

'I
CeJ

.. l-l - - - IS - - - - - - - 1,2,12,13 5,7,9

ICC 4
.. 14 - - - 21 - - - - - - - - 1,2,5,9,12,13 7

Pulse Pulse
In Out

Switching Times
11~6~· 1,6 - - - 250 - - 11:; I 6 - - - - - 2, l-l - 5,7

t5~6_ • 5,6 - - - 100 - -
~

5

~
1,2 - - 14 7

15-6~· 5,6 - - - 200 - - 5 1,2 - - - l-l - 7

• Tie pin 3 10 pin 4•
•• Tie pin 3 to pin 4 and pin 10 to pin 11.

Pins not nsted are left open.

ELECTRICAL CHARACTERISTICS

APPLICATIONS INFORMATION

Test procedures are shown for onlv 0

.pulse
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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.

BEST COpy

ISSUE A

• LOGIC DIAGRAM

..;3 2 1 0, , 1 '0
1 1 O· ,
1 O· 1'- 1
0 1 t ,1

1.. ..0, 1 1 1 1
0 ,

"

, , 1- ' 1
1 1 '1'""" 1 1 1,'~

" ,;.
'":1 1 1 , 1

1 ' '1 '1"':' 1 1 ", 1
1 1 '" 1 ' ",. '" 1
1 1 1 1 1 1 1
1 1 1 1 1 , 1

1 1 1 1 1 1 1
1 1 1 1 t. ,. , 1
1 , 1 1 1 1 1
1 , 1 1 1 1 1

1109

12 a8

1307

14 AS

2 03

15 a5

5 00

1 04

3 02

4 51

B So------4

A 70-----4

Vee = Pin 1S
Gnd = Pin 8

o 90-----4

e 100-----4

•
See General I nformation section for packaging,

D MOTOROLA INC. 1972
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CIRCUIT SCHEMATIC

i.1'

« r

~.~

'\'

.;;~..i
'~1

. :l'\~.~
~.
':O,~

,~

V,

•

04

~5 60

L......---{) 11 09

~12~8

'---+---'-01 3 07

~1406

~2·Q3

'---+----03 Q 2

,-+-------01 5 Q 5

'---+----04 Q 1

8
-----OGnd

5.0k

•

~.

5.0k

5.0k

5.0k

2.5k

12k

3.0k

J.Ok

12k

J.Ok

Vee
16 0--------

A 70 14 I ~ I

o go 14 ~ I

e 10 0 ,. I ~ I

fa 60 14 I ~ I

,e



ELECTRICAL CHARACTERISTICS

sssr COpy

5

4

3

2

15

14

13

12

7

6

9

10

-
i09 TEST eURRENTIVOLTAGE VALUES IAII Temp.r.lur.,'~11

rnA ilA Volts

'OL 'BD VIL VtH VF VR Vee veer I VCCH
10.0 100 650 I 8.50 I 15 160 \ 150 i 140 11; 0

Pin \ MClIn T_ Limits

Un... ·300e ·:zsOC ·7SOC TEST eURREHTIVOL TAGE APPLIED TO PINS LISTED ~ELOW'
CharlCt.,ilttc: Svmbol Tea ! Min Max Min M... Min Ma. Unit 'OL 'BD VIL VIH VF VR vee I vccc VCCH GndOo rout VOltage VOL I - 1.5 - 1.5 -

I
15 vee I - 67.9 10 - - - 16 <3

2 - I -

!
-

I
I I

2 - 9.10 6.7 - - - I3 - - - 3 - 7.9.10 6 - -4 -

I
- -

I
4 - 6.9.10 7 - - : I5 - - I - 5 - 6.7.9.10 - - - - r

,
I I

l" - I - - 11 - 6.10 7.9 - -I

\

12 - l - I I -

1
12 - 6.7.10 9 - - -13 -

j
- I I - 13 - 9 6.7.10 - -14 - - I

I - I. - 7.9 6.10 - - - !15 - - : , - 15 - 6.9 7.10 - - ,
-

, ,Rhlr'Wt Current 'R I 6 - ! 20 - I 20 i - 20 /JAde - - - - - 6 I - i 16 - 3
I

I
I

7
i -

! ! - I
I - ! ~

-
I

- - - -
I

7 I i ! I - II 9 - - I - - - - - - 9 ! i10 - 'I - I - - - - - - 10 I - I I ,Output Breakdown Veo 1 - - 70 - 70 - vee - 1 - 6.7.9.10 I - - - 16

\

9
VOllaqe 2 - - -

I
- - 2 -

I
- - - ! - :~ 3 - - -

!
- - 3 - - -• - - - - - • - , - - - i ;5 - - - - - 5 I - - - - \II - - - I j
- - 11 - - -12 - - - - - 12 - - - -13 - - - I I - - 13 - - - ;I. - - • - • - - I. - - - z:15 - - - I - - 15 - - - - , ,Forward Current 'F ·6 i - i .120 - I -120 - ! -120 mAde - - - - 6 - i i

16 3i, 7 -
i ~

-

I ~
- l t

- - - - 7 -
I

I9 I - - - I - - - - 9 - - ! - !!
10 - - - - - - 10 - - I , ,Power Ora." Current 'CCL 16 I - - - I 35.0 - I - mAde - - - - - - , - ! ; 16 6.7 3.9 10! rotal Dev.clt

'CCH
; 16 - - 35.0 - - mAde - - - - - - : ; - 16 3i I Puf. Pul.

I! I In aut
!SWItChing TImes 16-3- 3 - I - - 500 - - "' 6 3 7.9.10 - - - 16 i .316·3· 3 I - ! - - 600 - - "' 6 3 7.9.10 - - - 16 I - <3PIns not listed are left ooen

.....-'----Gnd

j ,.



TYPICAL INTERCONNECTION DIAGRAM

B+

~ a. ~5 as
Me676

BCO Decimal Decoder/Driver

8 C

5

~o

A

4 3 2 14 13 12 11

D

7 6 10 9

3 6 10 13

Clock

Aeset 15

01

01

02

02

MC682
Ouad Latch

03

03

04

04

97

AO
0

AO
0

AO
0 J

8 6 9

Y. MC663 Y. MC663

Clock

K a K a K a K

MOTOROLA Selrliconductor Products
BOX 20912. PHOENIX, ARIZONA d'OJ6 • A SUBSIDI4RY OF MOrOROI..A INC

Inc.



HEX INVERTER
WITH STROBE

(Active Pullupl

•
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.

ISSUE A

Positive Logic: 5 =0 i=4
~ 7=M

Input L08di"tl Fector s 1

Output LOedlng Factor = 10

Propeption DeI.y Time '" 110 ns typ

Typlcet Total Power Dissipation
Inputs High'" 246 mW
Input Low '" 96 mWt--+-.+--i-<:;l 10

t--+-.+--i--<l 1 3

15 k

15 k

15 k

15 k

6 O-+-~-+--f

•
2 8 9

Gnd

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

•

~''f" .- .• ~ •

::~O, ~~;~:.;,~:ff~:=
90%

--+-1r---...L...---+-~Gnct

1f$2O"8

f - 500 kMz
DUTY CYCLE - Sow.

. ~~,.-

TPln -+-----I~--50%

-1------+- 50%

----------Gnd

See General I nformation section for packaging.

'J:; \olOTOROLA INC 19',
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m..........

•e

9

~~5

6-V-7
1~

2

13

10

Pius nut listed a re left open.
-WIll'1I checking pin s 2, !J, 11, 14 till' tl'sl limit f(JI' pill 12 is 41", -'- --l.1:! IIIAde .

WWheu checkiug pins 2, 9, 11, 14 un- l1'st l i ru it fur pill 12 is -lIH = ll.O ILAde.

r
/'

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
inverter. The other inverters are tested in
the same manner.

=85=" TEST CURRENT / VOLTAGE VALUES (All Temperatures)
14 mA Volts

IOL IOH V1l V1H VF VR VCEX VCC VCCl VCCH
12.0 -0.03 6. 50 8. 50 1.5 16.0 16.0 150 14.0 10.0

Pin MC677 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Und,r -30°C +25°C +75°C

Characteristic Symbol Test Min Max Min . Max Min Max Unit IOL • IOH V1l V1H VF V' VCEX Vcc VCCl VCCH GndR

Output Voltage VOL 5 - 1. 5 - 1.5 - 1.5 Vdr 5 - - 3,4 - - - - 16 - H

V
O H

5 12.5 - 12.5 - 12.5 - vue - 5 3 4 - - - - Hi - H

Short-Circuit Isc s -6. 5 -15.0 -6. 5 -15.0 -6.5 .;.15.0 m Adc - - - - - - - - - III 3,4,5,1:!

Current ~

Iteve rse Current " In 3 - 2.0 - 2.0 - 2.0 I~Ade - - - - - 3 - - III - -t,H

2I
H

4 - 4.0 - 4.0 - 4.0 I~Ad!.' - - - - - 4 - - Hi - a,o,s

Output Leakage ICEX 5 - 100 - 100 - 100 I~Adc - - - - - - 5.16 - - - -l,H

Current

FOl"wa~d Current- IF 3 - -1. 20 - -1. 20 - -1. 20 urAdr - - - - 3 - - - - Hi H

2I
F

4 - -2.40 - -2.40 - -2.40 nrAdc - - - - 4 - - - - lti H

. Powe r Drum ICCL 16 - - - 9.. 0 - - m Adc - - - - - - - - - lti .l,3,4,li,3,lO,12,13,15

Current
(Total Device) I

CC H
16 - - - 30 - - m Adc - - - - - - - - - lti H

Pulse Pulse
Swirching Times In Out

'a-5 t
5 - - - 200 - - us 3 5 - 4 - - - lti - - 3

t3 , 5_ 5 - - - 100 - - us 3 5 - 4 - - - lti - - 3
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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-ohrn
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.

ISSUE i-

Vee

:E:5 7 16 1114

? 9 I iI I

3k 3 k

2
12 k

3 15 10
9

4 12
13

11

15
3 k 3 k 14

12

Positive Logic: 5 = 374
7 =476

Input Loading Factor = 1

Output Loading Factor = 10

Propagation Delay Time = 125 ns typ

Typical Total Power Dissipation

Inputs High = 192 mW

Input Low = 96 mW

3 k I

I

t..

b
2 8 9

GND

3 k

60- -1

•

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

..;

-#-------.,~ 50%

-+------#---- 50%

-----------GND

TPln

.:

VCC

1.36 k

.....J;!

f'" 100 kHz

DUTY CYCLE • 50%

--~_+_----L.--....___t_--+-_GN D

tf'$20 1M

•
See General I nfo rrnat io n section for packaging.
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".GO, .

ee

2

9

~~5

6-D-7

Pins not listed are left open.

"When checking pins 2, 9, 11, 14 the test limit fur pill 12 is -tfF '" --to 8 mAdc .
#When checking pins 2, 9, 11, 14 the test limit Ior pill 12 is -tIn -= 8.0 J1Adc.

E=-13 TEST CURRENT/VOLTAGE VALUES
11

mA Volts
15
12 . . 14

101 V1H VF VR VCEX V~c VCC1 VCeH
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 +2SoC +7SoC

Characteristic Symbol Test Min Max Min Max Min Max Unit 101 V1H VF VR VCEX Vee Vee1 VeeH Gnd

Output Voltage VOL 5 - 1.5 - 1.5 - 1.5 Vdc 5 3,4 - - - - 16 - 8

Reverse Currentf I
R

3 - 2.0 - 2.0 - 2.0 u Adc - - - 3 - - 16 - 4,8

21
R 4 - 4.0 - 4.0 - 4.0 u Adc - - - 4 - - 16 - 3,6,8

Output Leakage I
CEX

5 - - - 100 - 100 u Adc - - - - 5,16 - - - 4,8
Current

Forward Current " IF 3 - -1. 20 - -1. 20 - -1. 20 mAdc - - 3 - - - - 16 8

2I
F

4 - -2.40 - -2.40 - -2.40 mAdc - - 4 ... - - - 16 8

Power Drain Current ICC L
16 - - - 9.0 - - mAdc - - - - - - - 16 1,3,4,6,8,10,12,13,15

Current
(Total Device) I

CC H
16 - - - '24 - - mAdc - - - - - - - 16 8

Pulse Pulse
Switching Times In Out

t3_ 5+ 5 - - - 250 - - ns 3 5 4 - - - 16 - - 8

t3+5_ 5 - - - 100 - - liS 3 5 4 - - - 16 - - 8

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
. inverter. The other inverters are tested in

the same manner.
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HEX INVERTER
WITH STROBE

(Without Output Resistors)

MHTL Me660 series MOTOROLA

MC678
BEST COpy

I !lIS nex inverter is cesiqnec to drive low-current lamps, Interface With discrete com
»onents. Jr1C ;JCllltate the 'rY'1plernentatlon of the "Implied AND" !Wired Collector)

f:~nction ',';Im :~,ir1!rnUrn Dower crssroatron and loss of fan-out capability as well as provide

a 'strooeo .nversron function, ','/hen used strictly as an Inverter, external 15 k-ohm
oull-uo reststors snouio oe utilized.

The device .s .n a 1G-ain duai In·line package with two pins used to provide enable or
strobe mouts. "7""pse .nours are common to specific sections of the oevice and allow the
.;nlt to reutace 1·' ::: .iuac tvvo-inout gate packages In many acotications.

Vee
5 16 1114

::

Positive Logic: 5: J;4
7" 476

Input Loading Factor = 1

Output Loading Factor = 10
Propagation Delav Time = 125 no; rv o

Tvpical Total Power Dissipation

Inputs High = 192 mW

I nput Low '" 96 mW

~12

~ 3 k

~ 12 k
?

; ~ : 15

3 k ~3 k

12k ~
/

3_ .. I

~
4:~

5 k ~
.......

3 k

12 Ie~
<'

--/
6 J .. I /
~---..-

5 k ~
~

3 k ~

12k ~
/

1 J '4 I
Y

.~

---..-
5 k ~

~

).)

2 8 9
GND

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

VCC TP o u t

1/3 MC670
or EQulv

1.36 k

f .. 100 kHz

DUTY CYCLE· 50%

90%

50%

10%

- t r S 20 nl
I !

- f-tf~20 nl

\ ~
TPln \\- ...J~ 50%

i GND

t3-5+~ :-- t3+5-

:/ \

See General I nformatlon section for paCKaging.



Prus not l rsted an' lett open.

·Whenchcckillg pius 2,9, II, 14 t lu- It-st l i ru it IUL' pill I:! IS ,111-" -4.11 III:\lk'.

"'Whcn chevk iug pim; 2, 9, 11, 14 tlu- It-;,,l l i ru it Iu .. pill 12 IS -lll( - Ii, U JU\(h' ,
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one
inverter. The other inverters art: tested in
the same manner.

13 I TEST CURRENT/VOLTAGE VALUES
1 -_._---------

rnA Volts
10 ------ ----.---_.-

4
12 .. IOL V1H Vf VR VeEX Vee VeeL VCCH

l~ 0 b 50 1.5 Hi 0 ltiO 15. U H 0 ru ()

Pin. MC678 Test Limits TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW:
Under -30DC +2S"C +7S"C

Ch~racteristic Symbol Test Min Max Min Max Min Max Unit IOL 'V1H Vf VR VeEx Vee VCCL VCeH Gnd

Output Vulta~c VOL 5 -- 1.5 - 1 5 - 1.5 vu« 5 :J,4 - - - - lti - II

- .~--f---

Heve rse Current' In 3 - 2,0 - 2,0 - ~O I-IAdc - - - :J - - 1ti - ·I,ll

21
U

4 -- 4.0 - 4,0 - 4.0 IIAdc - - -- 4 - - 1Ii - s.u.u

Output Leukuge ICEX
5 - - -- 100 -- 100 ILAdc - - - - 5,1ti -- - - -l,1l

Cur rent

Furward Current· IF 3 -- -1. ao - -1. ao - -120 m Adc -- - :J - - - - Hi (j

211" 4 - -2.40 - -~ 40 - -2 40 m Adc - - 4 - - - - 1ti Ii

-- -- . .._--. .. ~-- -_._--------. -- -----_._--_._--_.-

Powe r Drain Cur r ent ICC L
lti -- -- - 9,0 - - m Adc - - - - - - - 1ti I ,:J, ·I,li,Il,1 O,I:! ,IJ, I ~J

Current
(Total Device] 'CCli

Hi - -- - 24 - - m Ad« - - - - - - - 1ii ti

----_._- ~----
-_._--------_._-

Pulse Pulse
Switching Times In Out

'a-5,
5 . - -- - ~50 - - 11;" :J 5 ·1 - - - 1ti - II

13,5-
5 - - - 100 - - llS 3 5 -! -- - - 1Ii .. - II

~
0

a
~ :JJ
: 0
~~ ,...
~ ~

u

~ (I)
~ ~.

~ 3
lJ ...... no

; 0
~ =~ Q.

e· n
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~ 0
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.0

.~. ~
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DUAL LAMP/LINE DRIVER MHTL MC660 series MO~::· ~

MC679 • MC679B ISSUE .0.

Ie
The MC679/6798 is a dual lamp/relay driver featuring all-monlithic con

struction for max imum 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 requ iring up to 30 volts and/or 150 mAo

The MC679/6798 is designed primarily as a lamp/relay driver, but it is
also suitable for driving shift register clock lines, high capacitive loads, and
interfacing with discrete components.

CIRCUIT SCHEMATIC

Vee 14

HiSjQ-·
:~~.
11 ----------'

15 k

20--.......1---...

40--.......~.......

5O--......~.......

30----.....
6 7 8

Gnd

H--I........-o{) 9

.--....--010

.....- ....--012

~-M_-_U13

'------u 11

Positive Logic: 6 • 1 - 2 - ,4 -5

I nput Loading Factor = 1
Output Loading Feetor = 125
Propagation De4ay Time = 0.5 '"'S typ
Typical Total Power Dissipation:

Inputs High = 2S0 mW

Input Low = 30 mW

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

TP o u t

-----_----Gnd

100

2W

VCC

MC660

f - 100 kHz
DUTY CYCLE • Sew.

__~+--_...L-_---t-f"'-Gnd

t.tS20 ns

•
4.

See General I nformation section for pa'ckaging.
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Hi+~6
:! lfB
11 ----------'

Pinl not lilted are leh open.

TEST CURRENT/vOLTAGE VALUES (All Temperatures)

mA /JA Volts

'OL 'BO V,L V'H VF VR Vx VCC VCCL VCCH
MC679 150 100 650 8.50 15 16.0 7.20 15.0 14.0 16.0

MC679B 125 100 6.50 9.0 1.5 16.0 7.20 15.0 14.0 16.0

Pin MC679 T..t Limits MC679B T..t Limits
TEST CURRENT/vOL TAGE APPLIED TO PINS LISTED BELOW:

Under -JOoC +25OC +75OC -30OC +25 oC +75 oC

Ch.,actariltic Symbol Test Min .Mex Min Max Min Max Unit Min Max Min Max Min Max Unit 'OL 'BO V'L V'H VF VR Vx VCC VCCL VCCH Gnd
Output VOltage VOL 6 - 1.0 - 1.0 - 1.0 Vde - 1.0 - 1.0 - 1.0 Vdc 6 - - . 1,2,4,5 - - - - 14 .. 7
Reve,. Current 'R 1 - 2.0 - 2.0 - 2.0 /JAde - 2.0 - 2.0 - 2.0 /JAde - - " •. - 1 - 14 - 2.4.5,7

2 -

~
-

~
-

~ ~
-

~
-

~
-

~ ~
- - - - - 2 ,. -

•
- 1.4.5,7

4 - - - .. - - - - - - -- 4 .- 1,2,5,7
S - - - - - - - - - - 5 - - 1,2,4.7

Output Braakdown VBO 6 - - +30 - +30 - Vde - - +24 - +24 - Vde -- 6 _. - - 3 ,. 14 7
Voltage

!
- -

!
-

!
-

!
- -

!
.-

!
-

! !
1 2.4,5 - -- -

l !- - - - - _. -- -- 2 1,4.5 - .- -
- -- - - - - - -- - 4 1.2,5 - .,

- - - .- -- - -- - - 5 1,2.4 - -- ..

Forward Current IF 1 - -1.20 - -1.20 - -1.20 mAde - -1.20 - -1.20 - -1.20 mAde - - _. 1 .- -' 14 7
2 -

•
-

•
-

• •
.-

•
-

•
_.

• •
- - - - 2 .- --

+ +
4 - - - - - _. -- -- _. 4 .- .-

S - - - - - - - -' - 5

Power Drain Current 'CCL 14 .• - 3.0 - - mAde - _. 3.0 ,- - mAde - _. - -- 14 1.2.4,5.7,9,10,12,13
(Total Device

'CCH ·14 - - - 24 - _. mAde - - - 30 - .. mAde - .. -- .- .. - -- .- 14 7

Pulse Pulse
In Out

SwitChing Timel tl-6+ 6 - . -- 250 -- -, ns - - 250 . - ns 1 6 - 2.4,5 14 7

tl+6- 6· _. - 100 - - ns _. 100 .- - ns .1 6 - 2.4,5 14 _. 5
,

e
'\

...
::s
n

@ ELECTRICAL CHARACTERISTICS
'. ~ Test procedures are shown for one Iarnp

. ,\,'~"'.~.river only. The other lamp driver is tested
;:,",~ In the same manner.
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HEX INVERTER
(Active Pullup)

'"f·· ', ..

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 MOTL hex inverter.

Positive Logic: 2 = '1

,Input Loading Factor'" 1

Output Loading Factor = 10
Propegation Delay Time = 110 ns typ

Typical Total Power Dissipation:
Inputs High = 246 mW
Input Low = 96 mW

1---(>0-- 2
3---(>0-- 4
5---(>0-- 6
9---(>0--8

11 ---(>0-- 10
13 ---(>0-- 12

I," ' ... "

1.5 k

.....*-..-02

~--'---~~7

GND

1/6 OF CIRCUIT SHOWN

MC680

•

BEST COpy,
ELECTR ICAl CHARACTER ISTICS

Test procedures are shown for only one TEST CURRENT I VOLTAGE VALUES (All Temperatures)
inverter. The other inverters are tested in mA Volts
the Same manner.

'OL IOH V1L VIH VF Va VCEX VCC VCCL 1 VCCH
12.0 -0.03 6.50 8. so 1.5 16 0 16 0 15 0 140 If; 0 i

Pin MC680 Test Limits TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
i

Under -30°C +25°C +7SoC

Characteristic Symbol Test Min Max Min Max Min Max Unit IOL IOH V1L VIH VF Va VCEX VCC VCCL VCCH! Gnd

Output vottage vOL 2 1.5 1. 5 1.5 Vde 2 1 14

I
,

7

IV
O H

2 12. s 12. s 12.5 vdc - 2 1 - 14 7

Sho rt -C i rc uit Current 'SC 2 -6.5 -15.0 -6.5 -15.0 -6.5 -15.0 m Adc - - I 14 i i.z...

Reve r se Current (R 1 2.0 2.0 2.0 ,.Ade - - - 1 1~ I ..
I I

Output LeaKa:;e (CEX 2 - - LOO LOO .z Adc - 2.1~
I 1.7

Current i
Forward CUHem I [ F 1 -1.20 -1. 20 -1. 20 rn Adc - 1 I 14 i 7

I

Puwe r Drain Current I lCCL 1~ - 9.0 - rn Adc - 14 ! L J - - - L 13
(Tot;U Device)

I
I .,.1.' ~~. I.

'CCH H - 30 - mAde - 14 , '

Pulse Pulse
Switching Times In Out

t
l

_
2•

2 - - 200 - ns 1 2 - 14 i 7

t
1• 2_

2 - - 100 ns 1 2 - 14 i 7

Pins not listed are Left open.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

• ," "~'~':" .l..·..IlHz· .::.,.
DUTY CYCLE.- 5K

. ~ '', "

See General Information section for packaging.

~~-"""-~.'
. ~:

~--------GND' .

.~ ,~OTOROL:' ,r-.c .']::



HEX INVERTER
(Open Collector)

MHTL MC660 series MOTOROL.A @

BEST COpy
This hex inverter is designed to drive low current 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 well as provide the inver
sion function. When used strictly as an inverter, external 15 k-ohm
pull-up resistors should be utilized.

The device 1$ available in a 14pin dual-in-line package with the pin
configuration identical to the MC836 MDTL hex inverter.

MC681

1!60F CIRCUIT SHOWN

2

L..---+--o 7

GND

ELECTRICAL CHARACTERISTICS

1-{»-2

3-{»-4

5-{»-6

9 -{»-a

11~10

13 ---(::::x>--- 12

Positive Logic: 2 '" 1

Input Loading Factor'" 1

Output Loading Factor'" 10
Propagation Delav Time = 125 ns typ
Typical Total Power Dissipation:

Input High'" 192 mW
Input Low'" 96 mW

. ,

ISSUE A

•

Test procedures are shown for only one
inverter. The other inverters are tested in

TEST CURRENT / VOLTAGE VALUES (All Temperatures)
he same manner.

mA Volts

10L VIH VF Va VCEX VCC VCCL VCCH

12.0 8.50 1.5 16.0 16.0 15.0 H.O 16 0

Pin MC681 Test limits TEST CURRENT / VOLTAGE APPLIED

-30°C +25°C +75°C
TOPINS LISTED BELOW:

Under
Characteristic Symbol Test Min Max Min Max Min Max Unit IOL VIH VF Va VCEX VCC VCCL VCCH Gnd

Output voltage vOL 2 - 1.5 - 1. 5 1.5 Vdc 2 1 - - - - 14 i

Reve rse Current 'R 1 - 2.0 - 2.0 2.0 ,lAdc - - - 1 - H ,

Output Leakage 'CEX
2 - 100 - 100 !L~dc - - - - 2.H - - - i

Cur rent

Fo rwu rd Current 'F 1 - -1. 20 - -1. 20 - -1. 20 m Adc - - 1 - - - - 14 7

Powe r Dra in Current I 'CeL
14 - - - 9.0 - rn Adc - - - - - - H 1.3.5.7.9.11.13

(Tot.il Device)

[CCH 14 - - 2-i mAdc - - - - - - - 14 7

Pulse Pulse
Switching Times In Out

t
l_ 2

~ 2 - - 250 - - ns 1 2 - - - H -

I
7

t 1~2-
2 - - - 100 - ns 1 2 - - - 14 - - 7

Pins not listed .i re leit open.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

•

"·/±~::~~i~-'''~:;~,:.( _...'.... ~.
,.;;.;:~!;~Y~~~~~~l~~~\ x

See General Information section for packaging.

""--'---"50%

50%

~~........~ GND

~MOTOROLA INC 1973 •
MOTOROLA Senticonductor Products

BOX 2 0 9 1 2 • P HOE N I X. A R J Z 0 .'; A cl 5 0 J 6 • ... 5 U B 5 I D 1 A R Y 0 F ~, 0 TOR 0 L A 1 N C.

Inc.



HEX INVERTER
(Active Pullup)

MHTL Me660 series MOTOROLA

MC680 '"",~y

1/6 OF CIRCUIT SHOWN

14
vee?

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-tine package with pin configura
tion identical to the MC836 MDTL hex inverter.

BEST COpy

1.5 I<

.....~-...-o 2

5 k

I....-_...... ...()7

GND

l--{)o-2

3--{)o-4

s--{)o-s

9--{)o-a

11--{)o-10

13 --{)o-12

Positive Logic: 2 =,.

I nput Loading Factor = 1

Output LOading Factor = 10

Propagation Delay Time" 110 ns typ

Typical Total Power Dissipation:·

Inputs High = 246 mW

Input Low = 96mW

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one TEST CURRENT VOLTAGE VALUES tAli Temperatures)
inverter. The other inverters tested in mA Volts

!
are

the same manner. IOl 'OM 'Ill V'M
, 'IF VR VeEX 'Icc VeeL 'I eeH)

12. Q .IJ 0J oj ;1) ! •., ;0 ; : , 1-) )i ~ .., 'J ) ..
Pin i MC680 Test Limits TEST CURRENT VOLTAGE APPLIED TO PINS LISTED aELOW, .'

Under I -30'C I +25 -c 1 +7S~C --
I I I

Characteristic Symbol ! Min i I I IOl 10M 'Ill VIM 'IF VR
I

VeEX
!

Vee Veel VCeHTest Max I Min Max i Min Max : Unit i i :ndI

Ij.;:tJ~t '. it.l...:e "'OL l i

i I. '5 i 1'5
i

i 1 '5 '.'de z I
I II d

!
I I

I
I

!
!

12, '5 ! p -I I ! !
v l I I 12 5 I '.'de

i 2 1 .,
I)H i ! ~ ) ! i

!

-.; '5 i-IS o! ! -15. o i m Acc
---------...

.~ ~,::~ -i: 1 ;-\.:-..::t ,_", rrent [~C 1
!

-.; ) i-l'5 0 -.; )

i i
,. ..

I i : i '
I ! , ;

_._----
Re ve r se I':·_::<?:-'.t IR

I
I

1 0 ! 2 0 i 1 0 , _Adc I I ; ~ t
: !

:)'.,;.t;.r_: __ ':'.Ll"....L ... t"
[CEX l i i

: 100
j I

:00 : ,.Ad( ~ .1';
':.r r rill I ! I

i iI !

F ,!-A' ..1rd l.'..;rrer.t I p- I l-UO! :-uo\ i-1.20i:llAQ( i I 1 : i ~

I
•

i

11-, ""'f;' r Dr.i.~:: _._;. :'t<~t 'cct, 14 I i ! 3 o T !
rn Auc

i i 1';
:

i

I

~ ! .. " !

\ T,.J( ....~ :~\t:', ; \ t' I

I
I I : :

I !
! i I

it
CC H

:: 14 30 ; rnAdc ! I : !
i ~

I Pulse I Pulse

i
!

~ 'J.'-1t ': :: ~ ;...; :- ~ :~~t:::i In i
Out i

I
!! i

:
11_2 - 2 200 :\S 1 1 I 14

I
I

: I i 1
: 1·2- 1 I 100 :'oS I i 2

!
I ! ~ -i

I I i ;

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

~-----4--50%

~-----#-"";';"--50%

-----------GN D

TP OUt

loopF 1.

TPrn

f • 500 kHz
DUTY CYCl.E • 50%

--'1~I---_.L----t-Ir--GND
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HEX INVERTER
(Open Ccllector l

MHTt. MC660 series MOTOROLA
':1111'\v:Y

..J
This hex inverter is designed to drive low current lamos. interface

with discrete components, and facilitate the implementation of the
"I mptied AN 0" (Wired Collectorl function with minimum oower
dissipation and loss of fan-out capability. as well as provide the inver
sion function. When used strictly as an inverter. external 15 k-onrn
pull-up resistors should be utilized.

The device 1$ available In a 14 pin dual-in-line package With the pin
configuration identical to the MC836 MOTL hex Inverter.

MC681

1/6 OF CIRCUIT SHOWN

2

'---....---07

GND

ELECTRICAL CHARACTERISTICS

Test procedures are shown for only one

1-{»--2
3-{»--4
S-{»--6
9-{»--a

11 --{:>O-,0

13 --{:>o- 12

Positive Logic: 2.-;

Input Loedlnv Fector· 1
OUtJ)Ut LOedlng Fector • 10

Pro.....tton o...v Time • 125 na tvP
Typlcat Tote' Power OlalpetJon:

Input High'" 192 mW

Input Low • 96 mW

~i1AY 1970

inverter. The other inverters are tested In TEST CURRENT VOLTAGE VALUES (All Temperatures)
the same manner.

mA Volts

'OL VIM I VFi VI. i VeEX i Vee I Veel i VeeH :

12 0 d. 30 ! 1 j i 10 0 10 I) i 15. I) i 1... 0 10 o !

! : MC681 Test limits TEST CURRENT' VOLTAGE APPLIED i

!
Pin TO PINS LISTED BelOW: I

Under I -30°C ! +25 ~C ! +75°C

I 1 VF I VR IVeEX
I I : .

Characteristic Symbol Test i Min : Max ! Min i Max Min I Max Unit tOl VIM ! Vee : Veel ! VeeH i Gnd
I I i

I i
I I

!
-\)t..itput \', ..tLl::;e '·OL 2 ; I j I 1 ') ! i 1- ,1 vdc 2 1

I
-

i i 14 ! I
! I i i

I 2 0 I 2 0 .Adc I ;
1 i I

14R~ve rse Cu r r e nt I
R

I
!

2 0 - i I
I I

i ! I I i ! I i i I i

!
2 ! !

100
I

100 .' _."de i i I :1 .1 ..

I
i 7Output L" .•"J..,:e [CEX - -

C"..;r:·e:n i ! i i I :
i

I

F·;l-~·J.rd Current IF 1 i -1.:20 i ! -1 20 I i -I. 20 i rn Adc
I - 1

i
: : 14 I 7

I ! ' I
I :, I

I I i I
! m Adc

I
i

I
I I

I

Puwe r 0 r a in CUf rent I
C C L

l-t I - 9 0 I ! I - - i I .. i.r.s. 7.:1.11 lJ
I T:;ul De vice i ! !

I
I I

I
i

! I !
i i i ! rn Adc

I
[CCH 14 - ! H -

I I I !
1.. 7

I I i I

I Pulse I Pulse

\

: :

~·."":tl:~!!:~ T~:-::1e5_ In i Out

, t 1-2- 2 - 250 - i :lS 1

I
2 - 1-4

i
7

I
t· 2 I roo i ns 1 I 2 - I ..

: !
7

i 1-2 -
I !

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

--"t-t----I'-----f-fllo- QMD" ...

-r:.._--:.:"..~. -;~"~.: "-:-".:.
f.'1. tHt..: '..
OUTYCYCLE· ....

~~~.....__..-.__....._ OND •
MOTOROLA Selrticonduc-tor··'Produc-ts

80)( 20912 • "'HOENIX ARIZONA il5036 • A SU8SI0,"RV OF l,40TOROL.A INC

Inc~..



QUAD LATCH
MHTL Me660 series MOTOROLA

MC682-

'Y:l .....-("\Q

..---------_-nQ

Input Loading Factor:
C, D = 1

R=8

Output Loading Factor = 10

Power Dissipation = 375 mW Tv o pkg

~.-

Common Clock Line

LOGIC DIAGRAM
1i4 OF CI RCUI T SHOWN

C

Ro-----+-----_---4

Do-----+-----4....J

TRUTH TABLE

The ,';1C682 Quad Latch is useful in monitoring or stor ice
applications. A common clock inout (C), when in the high stat'?
allows information present at the 0 input to be transterr ec to
the output of the latch. When C is low, the information pres
ent at Q or Q, wi II remain at the or evious level ..~ cornrr-on
Reset d~) inout aIIoVIIS resetting of all Q outputs to a 1091CO'

state indecendent of C or D.

C D R Qn-t-l °n+1
0 0 0 0 1
0 0 1 Q n On
0 1 0 0 1
0 1 1 Q n an

1 0 0 0 1
1 0 1 0 1
1 1 0 0 1
1 1 1 1 0

BLOCK DIAGRAM

vee ~ P;n 16
GND -= P;n 3

15

c Q 3

R

2 0 15 4

c Q 6

R

15 5

Q 10

9 0 i5 11

Q 13

R

14 0 Q 12

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TP o u t

===~------~=GND

=::!....J------~==::GND

1'00 pF

t r - tt~20 nl
f - 100 kHz

Duty Cycle ~ 50%

The other outputs are te.ted in a similarmann.r.

See'General I nformation section for packaging.
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~

I,H, I~)

H

H

H

Gild

H
H

H
r.z.s.I~,

H
H,I!.>

1,I,H,~,14

1,)./,H,~I,14, E,

._J_
:I,H

4,H,I5

160

VCCH

Hi

+

VCCH

1,2,15

I,L,I!.>,Hj
11,

15,1Ii
lY),1Ii

.s.r».14,lli

1Ii

Hi

16

~

!

Iii

Vce I veerCp I VCEXVAVf

I
1

1

__ -1------, J ---~

15

a.is
4,16

~
1,1')

Viti

- .. 1---,----·_---

Vll

I·

j

4

Puis..
QUI

I
I

-1

4

IOH

3
4

~

IOL

Pub"
III

VII.:

l=
- ._--...:..-'I"-!~~!'~~~~~~! /VOl T~~~_VA~~~~ (~~I ~~~~~'i1~I~'~~~

mA Volts

;~~,--TI~H VI~ -" VIH I_~f rv~ -I ~~l ~cExl ., IV~CL I

pAd.:

t

~

II.Alle

~'

•

UIlII

mAd.:
mAd.:

pAlk
pAd.:

mAd.:

1I1Ad.:

------

Mall

1.5
15

-15.0
-150

2.0
20

is o
100
100

.~ til)

·1.:10
-1 20

Min

12.5
1:/5

-6.5
-6.5

I ..

]5

15
1.5

J!J

~ J~ I (J

100

,HIO

:100

Mil II

-~ uo

-150
-150

2.0
~O

lliO

100
100

-1 20
-120

Min

MC682 Tnl Limiu
----~25oC--- T--;150C- '

oj

,-,4

1.5
1.5

125
12.5

-------\ . -------
-65
-65

--------+..

'lC Q
'R

o Q

-JOOC

I--MI~-r-Mall

I~

70

3
4

3
4

3
4

j

:I

4

4

2<>

90--

j
..~..C ,0<>6

'~_n ~.
·.J~--".~1'---o10lo Q ,.<) 11

',jc ~ -<.>13-- R
14 0-.. 0,., Q '<J 12

Pm
Under
Te51

IA

If

ISC

VOL

VOH

Svmbol

_~I~__..

ICEX

Characleri511C

12·4'
11.4·

12<it
12J-

Outpu! Vollagt!

1
2

15

3
4

_._._.-----\ ..

1
2

POW!!' Dr arn C~~'~c~;;--l--·,~~;;- ,1-, :: ---- ,.--
(Lotar Devrce l ICCI 16

Swll.:h,1l9 '1lInc~

Output leakalJl'
Current

Forward' C~;;;'l-l---

~ I-~
ShortCucurt

Current

Heverse CUII!!111

Test 'procedures are -shown tor aile latch.

The other latches are tested III iJ suruf ar
manner,

ELECTRICAL CHARACTERISTICS
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MHTL MC660 series MOTOROLA ®
ISSUE A

The MC682 Quad Latch is useful in monitoring or storage
applications. A common clock input (Cl, when in the high state,
allows information present at the 0 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
Reset (R) input allows resetting of all Q outputs to a logic "0"
state independent of Cor D.

r---------__1~-o a

Input Loading Factor:
C, D = 1

R=8

Output LOading Factor = 10

Power Dissipation = 375 mW Typ/pkg

~~

Common Clock Line

C

LOGIC DIAGRAM
1/4 OF CIRCUIT SHOWN

R~---_+_---__1~

DQ-----+----+_'

TRUTH TABLE

C 0 R On+1 ·On+1
0 0 0 0 1
0 0 1 an an
0 1 0 0 1
0 1 1 an an

1 0 0 0 1
1 0 1 0 1
1 1 0 0 1
1 1 1 1 . 0

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

/

==~:"'-_------==GND

TPo ut

TPo ut

VCC

The other outputs are tested in a similar manner.

t r = tfS20 ns
f = 100 kHz

Duty Cycle m 50%•
See General I nformation section for packaging.
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ELECTRICAL CHARACTERISTICS

Test procedures are shown tor one latch,
The other latches are tested in a similar
manner,

15

Jf!-~~03
2 ~ i'H--<l4

6

7Jtj~ OL5

10

9m~_~~11

1:'314~D a ---<l12
L---l TEST CURRENTIVOlTAGE VALUES (All Temperatures)

mA Volts

10l 10H Vil VIH VF VR Cp VCEX VCC VCCl VCCH

': 12_0 -0_03. 6.50 8.50 1.5 16.0 16.0 15.0 14.0 16_0

MC682 Test limits
TEST CURRENTIVOlTAGE APPLIED TO PINS LISTED BELOW:'Pin

Under -JOoC +25 oC +75 0C
-------

Characteristic Svmbol Test Min Max Min Max Min Max Unit 10l 10H Vil VIH VF VR Cp VCEX VCC VCCl VCCH Gnd

Output Voltage VOL 3 - 1.5 -- 1.5 - 15 Vdc 3 - 2 - -- -- 1 -- - 16 - 8
4 -- 1.5 -- 1.5 -- 1.5

+
4 -- . _. 2 -- -- 1 - --

~. ~VOH 3 -- -- 12.5 -- 12.5 - 3 -- 2 - -- I - -- --

4 -- .- 12.5 - 12.5 -r -- 4 2 .' - -- 1 -

Short·Circuit ISC 3 - -- -6.5 -15.0 -6.5 -15.0 mAdc -, - - - - -- --- -- .1,2,15,16 3,8
Current 4 -- -6.5 -15.0 -6.5 -15.0 mAdc - - -- - - - ._- -- -- -- 16 4,8,15

Reverse Current IR 1 - -- -- 2.0 -- 2.0 ~Adc - -- - -- --- 1 - - -- 16 8
2 - -- -- 2.0 - 2.0

•
-- -- - - -- 2 _. - -

+
8,15

81R 15 -- - -- 16_0 -- 16.0 -- -- -- -- ... 15 - -- -- 2.7,8,9,14

Output leakage ICEX 3 - -- -- 100 .- 100' ~Adc - - - - - -- -- 3,16 --- - 1,2,15 8
Current 4 - - 100 -- 100 ~Adc -- -- -- - -- - ... 4,16 - -- -- 1,2,8,15

Forward Current IF 1 - - -- -1.20 -- -1.20 mAdc -- - - - 1 -- -- -- - 15,16 8
2 -- -- -1.20 - -1.20

•
-- - - - 2 - -- -- -- 1.15,16 8

81F 15 -- - -960 -- -9.60 - -- .- -- -- 2,7,9,14,16 Ul,15

Power Dram Current ICCH 16 -- - 35 -- mAdc - - -- -- -- - -- 16 8

(Total Device l ICCL 16 -- - 35 -- nlAdc - --. - -- 16 1,2,7,8,9,14,15
--------- ----- ------ f----~---

Switcrunq Times Pulse Pulse
In Out

"t2·31 3 300 ItS 2 3 1,15 16 8
12-3- 1 300

~ ~
3

~
--

~ ~12-4. 4 LSD 4
l2'4- 4 100 4

,
--

~m
N

PIII~ II(J. l.'.tt:d ~'l.' left Upt:1I

e. r-1"
.he 0 V ----J - V

t hC'()I.·I .lIli,I<C1Il!jleSI e e



QUAD 2 INPUT
EXCLUSIVE OR GATE

•
MC683

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.

ISSUE A

2
1/4 OF CIRCUIT IS SHOWN

4

5

15 k 15 k 6 k 1.5 k
9

10

9 k

3 12

13

2 7
10k Gnd

3 - 1. 2 +1.2

•
5 k

Input Loadlng Factor = 2
OUtpUt LCNdins Factor = 10

Power Dillipetion - 380 mW typ

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

f· 600 kHz
DUTY CYCLE • 6ft"

+&.1 V +8.1 V

..

ji·0:i,::i~";'~~

50%

Gnd

50%

Gnd

Gnd

50%
~•• 'l<>

./

See General I nformation section for packaging.



TEST CURRENTIVOLTAGE VALUES (All Temperatures)

mA Volu

IOL IOH VIL VIH VF VR VCEX VCC VCCL VCCH

12.0 -0.03 6.50 8.50 1.5 16.0 16.0 15.0 14.0 16.0

MC683 Test Limits TEST CURRENTIVOLTAGE APPLlEO TO PINS LISTED BELOW:Pin
-30oe +25°C +75 0C

Under
Ch.rEteristie Svmbol Test Min M•• Min M•• Min Ma. Unit IOL • IOH VIL VIH VF VR VCEX VCC VCCL VCCH Gnd

Output Voltege VOL 3 - 1.50 - 1.50 - 1.50 Vdc 3 - - 1.2 - - - - 14 - 7
3 _. 1.50 -- 1.50 _. 1.50

+

3 - r.z - - - _. .-

~ +
VOH 3 - -- 12.5 - 12.5 - 3 2 1 - - -

3 - -- 12.5 - 12.5 - - 3 1. 2 - - .- - _.

Short-Circuit Current ISC 3 - - -6.50 -15.0 -6.50 -15.0 mAdc - - - - - - - 2 - 14 1.3.7

Reverse Current 21R 1 - - .• 4.0 - 4.0 ~Ade - - - - - 1 - - 14 - 7

2 - - - 4.0 - 4.0 ~Ade - - - - - 2 - - 14 - 7

Oulput Leakage Current ICEX 3 - - -- 100 - 100 ~Adc -- _. - •. - - 3.14 2 - 1.7

Forward Current 21F 1 - - - -2.40 - -2.40 mAdc - _. - - 1 - - _. .- 14 . 7

2 - - - -2.40 - -240 - - - - 2 - - - -- 14 7

Power Drain Current 'CCL 14 - - - 35.0 _. - mAde -- - - - - - - -- - 14 1.2.4.5.7.9.10.12,13
nOlal Device)

ICCH 14 - - - 350 - - mAde .. - - - - - - -- 14 7

Pulae Pul_
Swilching Times In Out

Inpul 2 Bill58d at +6.5 V 11+~+ 1,3 - - - 300 - ns 1 3 2 - -- - - 14 - - 7

11-3-

+
- -. -- 100 - -

+ ~ ~
2 - - - -

~
. --

+
InpuI2 Biased at +8.5 V 11+3- - .- 100 -' - 2 - -- -

tl-3+ -- - 300 - - 2 - , .. -- - .-

Pins'nollosled are leh open .
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ELECTRICAL CHARACTERISTICS

Test procedures are shown for one gate
only. The other gate is tested i~ th~ sam~

manner.
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ISSUE C

The MC684 high threshold decade 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 (MRl clears all flip-flops regardless of
the state of the clock. Each flip-flop is provided with an individual set

(5) input which permits any ftipflop or combination of flip-flops to be
set by applying a low level to the appropriate set inputs when the clock
is low. One may also set the outputs by applying a low level to the
set inputs when the master reset (MR) pin is low, then taking MR high
before the set pins are taken high.

Inputs CE, TCin and output TC ou t are useful in cascading counters.
TC ou t provides an output pulse each time the counter reaches its maxi-

mum count. All unused inputs should be connected to VCe- The lVlC684
is self-correcting for BCD states from 10 thru 15.

VCC'" Pin 16
GncI'" Pin 8

COUNTSEQUENCE
TRUTHTABLE:'

•
Input Loading .Factors:

MR= 5
Clock, CE = 1

TCtn' 50,51,52,53" 2

Output Loading Factor = 10

Total Power Dissipation = 480 mW typ/pkg

Toggle Frequency =0.5 MHz min

COUNT OUTPlT
TC 03 a2 a1 ao

0 0 0 0 0 0
1 0 0 0 0 1
2, 0 0 0 1 0
~. It 0 0 r, 1
4 0 0 1 -0 0
5 0 O· l' 0 1-
6 ~ 0 0 .:; t· t'· 0
7 0 O· 1 ~, 1
8 -0 1': : ~ 0 0 0
9 1 1 .0 0 1

lOGIC DIAGRAM

3 4 11 13

/

, TC o u r

\~':12

VCC = Pm 16
Gnd ~ Pin 8

( ao l a1 ~ oz ( ca

0----

~-

~ -L ~ r---'-----

sao J a1 J Soz J a3 ....
...-J ~J .... J

>-J
- C - ~~ c - ~~ c .----~c

o~
)-""~

~~C ~C .--~C !
C

~Lr1" rr:=:: '-- K
K .-

~ ~FiQ21- R '--~ Ra1 I--
""'"--.---- ~- ~r---

I

I
i

0 ~

-

53 14

52 10

Sl 5

SO 2

C 6

CE

MR

See General I nf or ma n on section for pack aqinq.
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51

BEST COpy

MR

53

50 ::F=:

::E:~
CE

TC' TCo u t 12
'I)

52

6

7

9

2

5

10

14

ELECTRICAL CHARACTERISTICS

IVI~OO'"+

•
TEST CURRENT'VOL TAGE VALUES IAII Lemper arur esi

mA Volts

1:' I) , -0 03 !6 50 o 50 i 1 5 : 16 0 i 1G 0 150 I 1..10 I ill 0

Gnd

o

! :~ S l; 7 8
! '!.10 1,i

Hi

li)

VCCH i
i

!,
16

I

16

: vccc !

I

13 10

VCEX I Vee

i .0 16 !

4 16 I,

11,16
12.16

6 !

I
2 !
5
9
10
14

1 i

!
I
!

S
9
10
14

1

:

i
i

I12

i
I , .

I ;
i 10 '

i 2.14. 5~''',~

14

i

VIL

! 1 !

I

~) i ~

4 I 5
11 I 10

,. 12 \214: 5.67,
, 9.10

13 I 14 ,
I 2 '
, 5

I 10
2.14 5.6

I

I 9.10
14

TEST CURRENTIVOL TAGE APPLIED TO PINS LISTED BELOW:

il

1J

!
---; ----1- ...------1-------------.....,.....----Pulse In ' Pulse Out I

f-.------c------;

I
.I

i ,

1:11':::"(11

, I t

100 i
100

I
~ I

t 7 0 1.~AriC

:i0 !

I

I

: -1.20 In,;:"",
-1 20: I
-740 i

i II :

: i
") 0 i i

t ! ,,,':;!If

Typ

1/0

~;OO :

:':'0
,10C, :,

100

100

-240
i,

-1 20
-1 20

: 4::'

\ 1

I, ;

I -6 :::.0J.I_---,--.:.....::...--+ +- ~----__i_-__+--~---.,_-_+--.~-__:_::_-+____::-_l4':>

: 20
70

40
I

I

,
,

MC684 Test Lirrn rs

1 5. 1 ~_' ~:

- 6 ::;; - 1~ 0: -6 5 : - 150

·2SoC I -7SoC ,

Min : Max : M,n Max Un,t

1 5 1 1 ') 'i",
I '!

Hl

s
OJ
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14

1

16

4

11
1 ::>
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9
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1

4
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1::'
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MC 684 DECADE COUNTER

LOG~C DIAGRAM

out

12

1311•

Vcc • Pin ,.

aND· Pin.

3
C)OO 001 002 l)03

--
--

500 J 01 JS02 J 03 ~~-- ..... J ~J ~J

..~ J... ......... - C f C C0 ...=: ,
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K" 01
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•
0.5 MHz

8.

5 Vlli
OV

~ J.- 1.0~s
t r ';;; 20 ns (10% to 90%)
tf .;;; 20 ns (90% to 10%)
DUTY CYCLE = 50%

TOGGLE MODE TEST CIRCUIT

TP i n

MC660

I I
L ..J

Waveform at TPout must conform to truth table

TYPICAL INTERCONNECTION DIAGRAM

B+

VCC VCC

•
Strobe

Reset 15

Reset 1

Clock 6

Carry In 9

5 4 3 2 13 12 1 1

00 61 Q2 03 04 05 06 Q7 08 Q9
MC676

BC 0 Decimal Decoder/Driver
A B C 0

7 6 10 9

3 6 10 13

Q1 Q2 Q3 Q4

MC682
Quad Latch

01 02 03 04

2 7 9 14

3 4 1 1 13

MR OO 01 Q2 03
MC684 12

C Decade Counter TCout Car r v-o o r

TCin SO 51 52 53

2 5 10 14

v
Parallel Data Inputs

Circuit diagrams utillzong Motorola products are included as a means
of lilustratong t v o rc at sermco o duc t or applications, consequently.
co r-rpt e te inf o r rr a n o n su t t rc ie n t for construction p u rposes IS n o t

necessarily gIven The Information has b,ee'n carefully checked and

IS believed to be entirely reliable. However, no r eso o o sm.i .t v .'S

assumed for inaccuracies. Furthermore. such ,nfOf'natlon o o es not
Convey to the purchaser of the semiconductor devices des.:r'bed any
license under the patent rights of Motorola Inc or others

/'



MC684

TOGGLE MODETEST'CIRCUIT

0.5 \1H:

" " 20 ns r 10"" to 90°" I

<i' 20 o s r 90)~; to 10°, I

DUTY CYCLE' 50°',

i- r.--250 o s

TP i n VCC

~"lC660 r,-L,
~ - - - - - - -H-lJ:. I ~~ ~~
~r-\ ! I

'-'~'t--~ ' 02 t-'J
I L- i ~3~
L - - - - - .J TC L'l

out I -

Waveform at TP OUt must conform to truth table

TYPICAL INTERCONNECTION DIAGRAM

B+

VCC

0
I

~1 5 i<

0 ~ 0
TP

I ··0',Jt

100 of ~
I

I
I---

5 4 3 2 13 12 11

00 01 02 03 04 05 06 67 oa 69
MC676

ac 0 Decimal Decoder: Driver
A 8 C 0

7 6 10 9

3 6 10 13

Stro be
'Q1 Q2 Q3 04

MC682

Reset 15 Quad Latch
01 02 03 04

2 9 14

3 4 11 13

Reset 1 MA Q O 01 Q2 Q3
MC684 12

Clock 6 o--C Decade Counter TC o u t CarrY'out

Carry I n 9 rc.; 50 51 52 53

2 5 10 14

'-------------.v,.---------..J
Parallel Data Inputs

J
CirCUIt diagrams utilizIng vt o ro r oi a or o cu c ts are Includeo as a means
of d'ustr3tlng tv c.c at sern.c o o ouc tor applications consequently.
complete ,nforrr:ation su t f ic re n t for construction ourooses IS not
necessarily given Tf,e ,nformation has oeen carefully co ecx eo and

is oel,eved to be entirely rel,able. However "0 rt!S~C"">'~

assumed for InaccuraCies. Furthermore. such ,ntO'-ndtlon ;c<!s'",
convey to the purchaser of the sermc o rido c t or aev.c es '~es(' :Je'~ .j"-'"

I'cense under the patent rIghts at \~otorola Inc or 'ltner~
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BINAR Y COUNTER
MHT L MeS60 series MOTOROL.A

MC685 ISSUE ::

l--f:4-3
2 ----<l SO

5-4S1 01 4

10----JS2
02 11

14 S3

6 C ·03 13
7 CE

9 TCinTCout 12

The Me685 high threshold binary counter consists of four J·K flio·

flops plus additional gating to accomplish the 'counter function Ti--e
flip-Hoes change state on the negative transition of the clock Dulse.

An asynchronous master reset (MRl clears all flip.flops regardless of
the state of the clock. Each fl ip-ftop IS provided with an Individual set
(S) input which enables any f lip-f lop to be set regardless of the state of
the clock.

Inputs CE, TC,n and output TC ou t are useful In cascading counters.
TC ou t provides an output pulse each time the counter reaches its mJXI'

mum count. Negative transitions of CE and TCin should occur when
the clock is low to avoid incrementing the counter. All unused Inputs
shoulo be connected to VCC.

COUNT SEQUENCE TRUTH TABLE

VCC=Pin16

Gnd = Pin 8

I nput Loading Factors:

MR = 5
Clock, CE = 1

TCin, SO, 51,52,53 = 2

Output Loading Factor'= 10

Total Power Dissipation = 480 mW typ/pkg

Toggle Frequency = 0.5 MHz min

OUTPUT
COUNT

TC Q3 Q2 Q1 QO

0 0 0 0 0 0
1 0 0 0 0 1
2 0 0 0 1 0
3 0 0 0 1 1
4 0 0 1 0 0
5 0 0 1 0 1
6 0 0 1 1 0
7 0 0 1 1 1
8 0 1 0 0 0
9 0 1 0 0 1
10 0 1 0 1 0
1 1 0 1 0 1 1
12 0 1 1 0 0
13 0 1 1 0 1
14 0 1 1 1 0
15 1 1 1 1 1

LOGIC DIAGRAM

00
03

01
~4

02
011

8.3
13

i ;
-.;

I

R

C

[

' I--C

~K

K

I

RR

1

'-- K

S
001--+--....-,""" J

~Hc
,-1-- C

53 14 - I
52 10 ~

51
i

5 : !
~o 2

~ i

'"'

r c., 9 0>---L------..:.....------1=======~========~~~~~~~~~~~~_

See General I nfo r rna t ron section for packaging.



Me685

ECTR ICAl CHARACTERISTICS

BEST COpy

TEST eURRENTiVOL TAGE VALUES tAli Temperatures;

rnA Volts

Vee

~ :' c; -0 03 j 0 50 8 50 1 5 16 C ; 160

,

,

,

Gna

1G

,

,

,

:; 6 "
910

56 7 ;

9 10

,
:;
10

2 , a

14

I 10
I 2 14
i

TEST eURRENTiVOL TAGE APPLIED TO PINS LISTED BELOW

4

11

12

i J

11,.,

, I

,

,
I rnAac

,

,
1 :;

,

,

,

,
1 :;

!

,

MC685 Test Llm'ts

,
1:' 5

. - 6 5 . -, 5 O' -6 5 - 15 0

1 5

,

13

1]

11

P

a

",:'

a
11

Pin
Under ~ ---' """'__~__

Test

'SC

VOL

SvmbolCharec ter rstrc

e;r c- ,0'" ,,"c.-- -•• "'0'

I
:' 0 ~ 0

, :' Q :' 0

40 40
I

!

10
i": ,

100

,
100 ,

10 , ,
I -' .
i

I CE ~,

J

1

100

,
100 _.:.,:,:

, ! ,

I 10
i ., 14

: 14

10

,.., 16

, -: i c ,

:Jo\· ..er Dra,~· C~rrent

T ora. ~e .... lCf"

10
14

16

-i 20
-, 20'

-240

,
-60

JO

40

-1 20 i ''''~'''1':

20 I, '

- 40 :

! , I
10 ;

I': , ,
.

.. :( .. :
SWitchIng parameter~ I

, ?

Tvp

17e

300

':00 ,
Pulse In

,
Pulse Out
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TOGGLE MODE TEST CIRCUIT

VCC

0.5 MHz

S.

5 Vlli
OV

.--250 ns

t r <i20 ns (10% to 90%)
tf S 20 ns (90% to 10%)
DUTY CYCLE = 50%

MC660
r-------l
I I

D------4~_1

I I
L J

00

Q1

Q2

Q3

'.5 k

1'00 OF

C!ock

ao

Waveform at TPo ut must conform to truth table

TYPICAL COUNTER WAVEFORMS

01 ---.J

02

03

L

L

L
TC o u t II_____________________, L-



BINARY COUNTER

ISSUE C

COUNTSEOUENCETRUTHTABLE

OUTPUT
a3 Q2 a1 ao
Q a a a
0 a a 1
0 a 1 a
a a 1 1
a 1 a 0
a 1 a r.
a 1 1 a
0 1 1 1
1 0 0 0
1 0 0 1
1 a 1 0
1 0 1 1
1 1 0 0
1:' 1 0 1
1· 1 1 0
1 1 1 1

COUNT
TC

0 0
1 0
2 0
3 0
4 0
5 0
6 o·
7 0
8' 0
g-., o·
10. 0
11:.:· 0
1:2::;:, ·0

_',•. 13;_ or
14 o·
15· 1

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 (MRl clears all flip-flops regardless of
the state of the clock. Each flip-flop is provided with an individual set

(S) input which permits any flip-flop or combination of flip-flops to be
set by applying a low level to the appropriate set inputs when the clock
is low. One may also set the outputs by applying a low level to the
set inputs when the master reset (MRl pin is low, then, taking MR high
before the set pins are taken high.

Inputs CE, TCin and output TC ou t are useful in cascading counters.
TCou t provides an output pulse each time the counter reaches its maxi-

mum count. Negative transitions of CE and TCin shou Id occur ';"hen
the clock is low to avoid incrementing the counter. All unused inputs
should be connected to VCC.

MA 00 3

2 50

5 51 01 4

10 52
02 11

14 53

6 C 03 13
7 CE ,
9 TCinTCout 12

VCC = Pin 16
Gnd = Pin 8

MC685

Input Loading Factors:
MA =5
Clock, CE = 1

TCin. 50. ~1. ~2. S3 = 2

Output Loading Factor = 10

Total Power Dissipation = 480 mW tvp/pklJ' .•

Toggle Frequency =0.5 MHz min

•

LOGIC DIAGRAM

00 01 02 03

•

53 14

52 10

51 5

SO 2

C 6

CE 7

03 ( 4 c;: 11 013
,...

,...

,...

,......,

~
5 S S S

00 J 01 J 02 J 03 --
~J ~J

-J

~ r C r---f--<C C C,...

Jlr C -I-- C ~C C
-K

-K -K

'-- K -K ~K

R R R R

0

~8 ~_ 12

ut

See General I n to r rna t io n section for packaging.
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ELECTRICAL CHARACTERISTICS

• MR 00 3
2 50

5 51 01 4

10 52
02 1114 53

6 C 03 13
7 CE

9 TCinTCout 12

TEST CURRENTIVOL TAGE VALUES IAIl Temperatures)
mA Volts

IOl ! IOH , Vil V'H VF VR VCEX VCC VCCL ! VCCH
I? 0 ! -003 6 50 8.50 1.5 160 160 15.0 140 160I Pin MC68S Test t.rrnits

I Under -30°C +2SoC +7SoC TEST CURRENTIVOl TAGE APPLIED TO PINS LISTED SELOW:
Characteristic Symbol I Test Min Mall Min Mall Min Mall Unit IOl IOH V'L VIH I VF VR VCEX Vce I VCCl VeCH GndOu mo r VOltage VOL 3 1 5 I 1.5 1.5 Velc 3 _i \ I i 16

I

84

~ ~ ~ ~
4 I !

~
11

11

I
!

+
12 ..

12 , I i13
13 I I

I
VOH -3 12.5 125 Vdc

I

3 2
I

I
I 16 - 84

I I

1 1
4· 5 i

I I
11 ..

I
11 10

12

~
12 2.5. I 6.7.9 I

+
10.141

+13 .. .. ! 13 14 i
Short C"cuII Current 'sc 3 .. -6.5 -150 -6.51- 15 0 mAne 2 -- 16 84

I 1 1
5 ,

I
11

1 1
10 -

~
12

2.14 5.67. ..

9.10

I •13 .. ,
14 .. -Rever se Current IR 6 .. 2.0 70 "Adc 6 16 ..

I

o7 20 20

I
7 I I I21R 2 4.0 40 2

i i5

l
I 5 I i9

~
9 I

I
I10

10

I
14

14 !
!SIR 1 100 i 100 I 1 , ,

Oo iou: Lea, age Curr ee t 'CEX 3

i
I 100 I 100 "AIle

I 2

3.16 8I
I I4 I

1
I 5 4.16

I
11

!
I rl 10 11 1612

~
2.14 5.6.7. 12.1fi

I
910

+
13 14 1316

Forward Curren I IF 6 -120! -1 20 mArie 6 16 87 -1 201 -1 20

I
7 I

I
I21F 2 -2.40 I -240 2
\5

l
I

l 1
:>

I
I

[
9

! I 9

i
10 10
14 14 !

!
·1

51F 1 -6.0 -00 I 1 i t ,
Povver Drain Current 'CCH 16

I
45 1l1Afic I

. ! ! 10
!

8iTolal Devrce !
45 IHAde

!

j
10 ! 7.5.G. 7.3.

'CCL 16
I

I I lJ 10 1.1
I

I ISwitching Parameters I Typ I

I

Pulse In : Pulse Out
i !

Tur o-O» Derav 0 t;HI- 6.3 ruoJ ns G 3 1(; I
I I I I I

i
Turn·Off Delay 0 I!J(/' 6.3 f 300 I

I
3

I or nOn Delay TC lpd_ G.12 i 220 I I 12

i
I , ,Turn-Off Delay TC Ipei- 6.12 I 400 i ,

12

•



TOGGLE MODE TEST CIRCUIT

TP o ut
VCC

0.5 MHzao5Vlli
OV

U,.O/olS
t r ~20 ns ( '0% to 90%)
tf s 20 ns (90% to '0%)
DUTY CYCLE = 50%

MC660r-------,
I I

D--.......---lI IL ~_·_J

00

01

02

03

TCo u t

'.5 k

r100 OF

•
Clock

00

Waveform at TPout must conform to truth table

TYPICAL COUNTER WAVEFORMS

02

03

L

L

L

•

TCo u t r---1_____________1 L-



•

4-8fT SH I FT REG ISTE R

MC686

1 MR ao 3

:~:~ 01 4

10 . 52
02 11

14 53

6 C 03 13
7 CE

9 D 03 12

VCC" Pin 16
Gnd = Pin 8

Input Loading Factors:

m=5
Clock, CE '" 1
D, ~O, ~1, §2. S3 ,. 2

Output Loading Factor .. 10

Total Power Dissipation" 480mW tyP/pkll

Toggi. Frequency" 0.5" MHz min

ISSUE ::

The MC686 high·threshold shift register consists of four J·K f:i::;'

flops connected in serial fashion. The flip·flops change state 0'1 ::-~

negative transition of the clock pulse. Q outputs are available from .1!;

four stages, and Q from the last register stage.

An asynchronous master reset IMRl clears all flip·floDS r~gardi~ss.:f

the state of the clock. Each tlip-ftop is provided with an indiv.cuai se:

input (S) which enables any flio-Hop to be set regardless of the state of
the clock.

The clock enable (CEl control provides a means of :r.r.ibltlng ~"',e

clock input. Negative transitions of CE should occur when the ClOCK .S

low to avoid shifting the register. All unused inputs should be ccnnecreo

to VCC.

TAUTHTA8LE

. COUNT 0 03 Q2 01 00
0 1 0 0 0 0
1 1 0 0 0 ~
2 1 G 0 1 1
3 1 0 1 1 1.. 1 1 1 1 . 1

0 0 1 1 1 1
1 0 1 1 1 0
2 0 r 1 0 o·
3 0 1 '0: 0 0
4 0 0 0 0 0

BEST COpy
LOGIC DIAGRAM

00
< 3

01
~ 4

02
~ 11

03 (53
~ 12 :) 13

S3 14 ~

52 10
~ :

51 5 ('\

SO 2 -
...-----lJ

5

R

S
OI--....---lJ

r-- C'

QI---+--+----iK
R

r----< C

r-- C

S

R

I
O~~----1IJ

~C

,....-C

b I

S 1 I
o~

I
I

J
R °r---

M R ~o_---~----_+-+-----4----------......------.......--------'

D 9 C~----4--__; "-

See General I nformation section for c acx aging.

'"" : '". : ~ ~ -. ~



MC686.

ELECTRICAL CHARACTERISTICS

'-4~J
2~SO I

S~Sl O'r--- 4

10~.S2 I
• I, 02r-- 1 1
14~S3 '

6---1
C

03l=13
7 --l CE

9~ 12

BESlr COpy

,

,

16 i :'.5,,: 3
i 91014

16

,
16

I, , •16

VF VR Veex Vee VeeL VceH
16
!
I
t
16

TEST CURRENTiVOL TAGE APPLIED TO PINS LISTED BELOW'

rEST CURRENT/VOL TAGE VALUES IAII Temperaturesl

mA ! V~u

12 a I -0 03 i6 50 a.50

-5 -150
I

~
2.0 b
20 7

4 a 2

I
5

!
9
10, 14

100

100 3.16

I
4.16

~
11 16

I 12.16,
13.16

-1 20 -1.20 mAdc
-1 20 -1 20

1
-240 -240 2

t I
5
9

I 10, 14

-60 -60 1

40 mAde

40 mAde

Tvp Pulse In Pulse Qut

170 ns 6 16

300 ns 6 16

MC686 Test Limiu

-30o e -zsvc +7S oC

Min Mall Min Mall Min Mall Unit

I 5 15

I I
I It ,

1 5

Pin

Under

Characterostlc Symbol Test

uurpul Voltage VOL 3
4
11
13
12

VOH 3
4

11
12
13

Shorr Circu.r Current 'sc 3
4
11
13
12

"e,erse Currenr 'R

:?! R

q'

10
14

')Iq

Ou tC'" r L.eak age C~rren! 'CE;.(
4
11
13
12

~~n..... arc C.... rreo r -
21 "

9
10
14

31 "
?ower GraIn C..;rrenr 'CCH 16

i.J!J! Oe'\llCe~ -cci, 16

SWitching Parameters

r"n IJ" Je1av c r~)<1- 6.3

:"'.. ,,,.,.)tf Delay IJ roo- 6.3

MOTOROLA
BOX 2C~!.z •

Semiconductor Produc'fs
g ~ 0 E !'. I x .0\ R : :: 0 'oj" ., ~ -: J ti • .. s: a ':5 i 0 ! " ~ v 0 ~ \A 0 !' 0 " 0 LA ....... C

Inc.



4-BIT SHI FT REGISTE,R

•
MC686

MR ao 3

2 50

5 51 al 4

10 52
a2 11

14 53

6 C a3 13
7 C6

9 D 03 12

Vcc = Pin 16
Gnd = Pin 8

ISSUE C

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 stat.!: of the clock. Each fl ip-flop is provided with an ind ividual set
input (S) which permits any flip-flop or combination of flip-flops to be
set by applying a low level to the appropriate set inputs when the clock
is low. One may also set the outputs by applying a low level to the set
inputs when the master reset (MR) pin is low, then, taking MR high
before the set pins are taken high.

The clock enable (CE) control provides a means of inhibiting the
clock input. Negative transitions of CE should occur when the clock is
low to avoid shif.ting the register. All unused inputs should be connected
to VCC.

•
Input Loading Factors:

M1\ = 5
Clock, CE == 1
D, §O, ~1, 52,53;" 2

Output Load ing Factor == 10

Tota' Power Dissipation" 480 mW typ/pkg

Toggle Frequency == 0.5 MHz min

TRUTH TABLE

COUNT ,0 OJ Q2 01 00

0 1 0 0 0 0
1 1'- 0 0 0 1
2 1 .' 0 0 1 1
3 1 0 1 r 1
4 1" 1 1 1 1

0 .,", 0 1 1 1 1
1 0" " 1 1 1 0
2 c:p 1 1 0 0
3 0,,: 1 0 0 0
4 0: 0 0, 0 0

LOGIC DIAGRAM

63
12

03a2a1ao
~ 3 ()4 011 ~ 13

1
-
--
,...

A
5 5 5 5

J a J a J a J 01--

~ C ----< C r---C C r--< C

- J -C-------1,..-....- C -C -C

0 K 0 K 0 K Q~ K
R R R R

0--

--

C 6

D 9

CE 7

53 14

52 10

51 5

SO 2

MR 1•
5ee General I nformation section for packaging.



MC686

•4

3

11

Q1

Q2

QOMR

50

51

52

2

5

10

14 53

ELECTRICAL CHARACTERISTICS

6 c Q3 13
7- CE TEST CURRENTIVOL TAGE VALUES (All Temperaturesl

g- O 63 ~12 mA Volts

IOL IOH VIL VIH VF I VR VCEX VCC VCCL VCCH
120 -003 6.50 850 1.5 I 160 160 15.0 14.0 160

Pin MC686 Test Limits

• 30°C >2SoC +7S oC TEST CURRENTIVOL TAGE APPLIED TO PINS LISTED BELOW:
Under

Characteristic Symbol Test Min Max Min Max Min Max Unit IOL IOH VIL VIH VF VR VCEX VCC VCCL VCCH Gnd

Ou rou r Voltage VOL J 15 1.5 1.5 Vdc 3 1 16 .. 8
4

~ ~ ~ i
4

~ ~ i11 11
13 - 13
12 12 14 _.

VOH J 12.5 125 Vdc 3 2 .. .. 16 8
4 I

l l
4 5 .. .-

l
- I11

~
11 10 .. - - I

12 12 1 - - I
13 .. 13 14 .. - - _. -

,
Short Circuit Current ISC 3 -65 -15.0 -6.5 -15.0 mAde 2 . •. - .- - 16 8

4 I r

t I
I 5 .. - - i' \

11 I
~ +

10 - .. -
13 t 14 - .. . .

12 • 1 . - - ,
Reverse Current 'R 6 . 20 :"0 u Artc 6 - 16 - 8

7 20 20

I
7

I
I

21R 2 4.0 4.0 .. .. 2 I5

1
I

5 .. I .. I·;9 ..

.~
- '. .. 9 - t'10 .. 10 - - I

+
I

14 14 - " I
I

51R 1 100 10.0 1
,

Ou lOU t LeaK age Cu rren t ICEX 3 100 100 ;.JAde 2 - 3.16 .. 3
4 I

1 i
.. - 5 .. 4.16 ..

I
11

+
- 10 - 11.16 - - - :

13 14 - 12.16 I

12 .. 1 - 13.16 - ..
,

i=orward Current , F 6 -1 20 -1.20 mAde 6 .' 16 3
7 -1.20 -1.20

I
.. 7

I I
2/F 2 -2.40 -2.40 .. 2

I"

1 ~
- 5 .. - - I

9 .. 9 .. - .. r I
10 - - 10 .. .- j

14 .• 14 .. - I

51F 1 -60 -6.0 .- 1 - +
Power Drain Current ICCH 16 45 mAde - .. 16 8

'Total Dev.ce l 'cci, 15 45 mAde - .. .. _. 16 2.5.6.7.8.
9.10.14

SWitching Parameters TVp Pulse In Pulse Out
'---

""n·On Delay .Q t ~) (1- 6.3 - 170 .. ns 6 3 .. - 16 - - 8

T"rn·OIl Delay .Q tpd- 6.3 - 300 .. .. ns 6 3 - - .. 15 - - 8

•
J

I

/
I.

I

,I

/

VCC VCC

Waveform at TP o u t must conform to truth table

0.5 MHz85V-n .r
OV~ U

--.J ~ 1.0~s
t r';;;;; 20 ns (10% to 90%)

tf '" 20 ns (90% to 10%)
DUTY CYCLE = 50%

MC660r-------...,
I I

•
MOTOROLA SenJiconduc'for Produc'fs

BOX 2 0 ~ 1 2 • P HOE N I X A R I Z 0 ~; A '.1 5 o J 6 • A ,; U B ::; I 0 I A R Y 0 F '" 0 r 0 R 0 L A INC

Inc.



DUAL J-K FLIP-FLOP

4--~

This negative-edge-c1ocked 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
ticular input when the clock is low.

The J and K inputs are inhibited when the clock is low and
enabled when the clock is high. The logical state of the J and
K inputs MUST NOT be allowed to change when the clock is
in the high state.

ISSUE A

7

6J S Q3

1

2

5--~

12-_----.

MC688

•

a

;j."
-(-

: ':=;',~.: .'~, '.:.~~ ~ ~.

" Input Loading Fector:
R", S Inputs - 2

:, OUi.r··tnputl~~ 1

Out~ut' ~oad ing F ector • 10

fTog~a 2Ji' MH.~ typo. .
TotAIlPoW... Dtaip8tIo'n. 375 mW typ

Jo-----------1

KO------+------l

SETO-----------d :»------.

A ESET O-----------d ~__---l

CLOCK o----a

Vee =r Pin 16
Gnd· Pin 8

13 10

15

14 9

,1'--~

LOGIC DIAGRAM
1/2 OF DEVICE SHOWN

•

TRUTH,TABLE

•
t n t n + 1

R S J K Q Q

0 1 )( )( 0 1
1 0 )( )( 1 0
1 1 0 0 an Q n
1 1 0 1 0 1
1 1 1 0 1 0
1 1 1 1 an Q n

0= Low state

1 = High state

)( = Don't care

t n = Time period prior to negative
transition of clock pulse.

t n + l = Time period subsequent to
negative transition of clock
pulse.'

an = State of a output in time
period tn .

• = Clock pulse must be in low state

See General I nformation section for packaging.



11~ TEST CURRENTIVOLTAGE VALUES (All Temperatures)
mA Volts

IOL IOH VIL VIH VF VR VCCL VCCH VCC VCEX
12.0 -Q.03 6.50 8_50 1.5 16_0 14_0 16.0 15.0 16.0

MC688 Test Limits TEST CURRENTIVOLTAGE APPLIEDPin
+i5OC +75 0C TO PINS LISTED BELOW:Under -30°C

Characteristic Symbol Test Min Max Min Max Min Max Unit IOL IOH VIL VIH VF VR VCCL VCCH VCC VCEX CPa GooOutput Voltage VOL 6 - 1.5 -- 1.5 - 1.5 Vde 6 - 1,5 2,3,4 - - 16 - - - - 87 - I - I - I I 7 - 1.4 2,3.5 - - I - - - -

I6 -- - - 6 - 3 2.4.5 - - - - - 17 -- - - .7 - 2 3.4.5 - - - - - 1VOH 6 12.5 - 12.5 - 12.5 - Vde - 6 1.4 2,3,5 - - 16 - -- - - 87

I -

I -

I - I - 7 1.5 2,3.4 - -

t
- - - -

1
6 - - - - 6 2 3.4,5 - - - - - 17 - - - - 7 3 2,4,5 - - - - - 1Leakage Current 'CEX 6 -- - - 100 - 100 /JAde - - - - - - - - 2,3.5 6,16 - 1.4,87 - - - 100 - 100 /-lAdc - - - - - - - - 2,3,5 7.16 - 1.5.8Short Circuit 'SC 6 -6.5 -15 -6.5 -15 -6.5 -15 mAde -- - - - - - 16 - 2,3,5 - - 1.4,8.6Current 7' -6.5 -15 -6.5 -15 -6.5 -15 mAde - - - - - - 16 - 2.3,4 - - 1,5,7.8Reverse Current IR 1 - -. - 2.0 - 2.0 /-lAde - - .- - - 1 16 - - - - 82 - - -

I
-

I I - - - - - 2

I
- - - - 1,83 - - - - - - - - 3 - - - - 1.84 - - - - - - - - - 4 - - - - 85 - - - - - - - - - 5 - - - - 8Forward Current IF 1 - -1.20 - -1.20 - -1.20 mAde - - - -. 1 - - 16 - - - 82 ._- -1.20 - -1.20 - -1.20

j
- - - - 2 - - 1,16 - - - 4,83 - -1.20 -- -1.20 - -1.20 - -- - -- 3 - - 1.16 - - - 5.821F " -- -2.4 - -2.4 - -2.4 - - -- - 4 - - 16 - - - 1.2,3,55 ..- -2.4 - -2.4 - -2.4 _. - - - 5 - - 16 - - - 1.2,3.4

.-f----
Power Drain 'CCL 16 -- -- -- 35 - -- mAde - - - - - - - 16 - - .- 1.2,3.4.5.8,11

Current

12,13.14,15IBoth Flip-Flops) 'CCH Hi -- - -. 30 - - mAde - - - - - - - 16 -- - - 8

4

93 J S 0 6

1 C

: K R Q '.,

12--~

~o
!

I~
•.. "! n •

;<~:" :
.: ~,,,. ~'.

~!\:
~",,-;:-~:

1
'_"" "- 1i'"

.~1·~
~Ji:;~;-

~~~'M;'•e

CPa, 1-lOV

L-J .:.----- 0 V

10

9

Q

K A 6

13

15

14

ELECTR I CA L CHARACTER ISTICS

e

Unless otherwise noted, tests are shown for
- only one f l ip-f lo p. The other flip-flap is
tested in the same manner.

Pins not listed are left open.



• 1.0 MHz

8'~V=u£
OV .

250 ns

tr ~ 20 ns (10% to 90%)
tf ~20 ns (90% to 10%).
DUTY CYCLE = 50%

TOGGLE MODE TEST CIRCUIT

TP'n

MC660

r--------~
I I

I>--t--..----tc
I IL --1

vCC and ground connections to the devices are not shown.
All unused inputs are lit VCC
Frequency at TPo ut must b. Y.a frequency at TPln.

SWITCHING CHARACTERISTICS

Vce - US"V.•

Q t--.....~---"""<J TPo ut

•

-30°C 25°C +7SOC
Characteristic Symbol Typ Min Typ Typ Units

Propagation Delay

Delay from S to Q tpd_ 65 - 80 100 ns
Delay from Ffto Q tpd_ 65 - 80 100 ns
Delay from S to Q tpd+ 250 - 300 400 ns
Delay from R to Q tpd+ 250 - 300 400 ns
Delay from C to Q or Q tpd+ 300 - 350 450 ns
Delay from C to Q or Q tpd_ 85 - 100 130 ns

J or K Input tsetup' 55 - 60 70 ns
J or K Input thold 26 - 24 0 ns
fToggle fTog - 1.0 2.5 - MHz

OPERATING NOTES

•

1. If any input of the MC688 is not used, it should be
returned through a 2 kD resistor to VCC. 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.

2. The truth table shown for the MC688 is completely
valid only when J &.K inputs remain unchanged through
out the entire period when the clock input is high. This
is a 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 - and only 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 J or 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-qoinq 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 R'E"S'IT 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 SEi 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 logic 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 f.J. sec in
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
(Hi!#> Voltagel

•
MC689

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.

ISSUE A

CIRCUIT SCHEMATIC
11/60F CIRCUIT SHOWN)

Vee
14

,-{)O-•
.3-{)o-4

5-{)o-6

9-{)o-a

Sk 12 k
11-{)o-10

13~~2

16 k
Positive Logic': 2 '"',. ..

•
6k

2

Input Loading Factor· 1
Output loading Fector - 10
Propagation Celay Time ., 150 ns typ
Typical Tot.i Power Dissipation with

VCC.,5 V

Inputs High "" 173 mW
I"puts low" 55 mW

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TPin TPout Vee
+5.0 Vdc

'Pd+

Gnd
7.5 V

=4----+:>",===Gnd

TP OUf

Fl

,J'SPF1S
.
0 PF

R. 610 ohm. for tp~ test.

·3.8 k ohms for tpcl+ tea:.

PW~ 1.0/Ja
f"'500kH2

-",;!.
lN2389 lN2369

PULSE ~ ~

GENERATOR ~ ~

.-'- -- -

•
See General Information section for packaging
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TEST CURRENTIVOLrAGE (All Temperaturesl

mA Volts

IOL·t IOl2 V,L V,H VF VCEX Vee VCCl VCCH
10.0 20.0 7.00 8.50 0.5 20.0 20.0 12,0 25.0

Pin MC689 Test limits
TEST CURRENT/VOLTAGE APPLIED TO PINS LISTED BELOW;

Under -30oe +25oC +75OC
Characteristic SvmboJ Tes. Min Ma. Min Ma. Min Ma. Unit lOt 1 IOl2 V,L V,H VF VCEX Vee VCCl VCCH God .

01.1 Ipu t Voltage VOL I 2 0.5 0.5 0.5 Vdc 2 1 " 7

VOL 2 2 1.0 1.0 1.0 Vdc 2 1
"

7.

Outpulleakage Current ICEX 2 75 75 75 #lAde 1 2
"

7
Forward Current IF 1 -1.20 -1.12 -1.12 mAde 1 " 7
Power Drain Current ICCL " - - 15.0 - - mAde - - - - - - - -

"
1,35,7,9,11.13

(Total Device) teCH
"

28 mAde - - " 7
Switching Times Pulse In Pulse Out

'1-2. 2 - - - 300 - - ns 1 2 - - - -
"

- - 7
11+2- 2 .- - -- 200 - - os 1 2 - - .- -

"
- - 7

Ill""'"--

@
. I
.~ 0
; ...
i. 0
~ . ~
~ e 0
" N
" 0 ,..
6 •

" - ""' N _, .
•

s ~ CIl
t ~ to

: 3· ....
~ n
; ,0
~ ~

~ Q.
e

· n
~ ...
~ 0
~ .,
•

;l
~Q.
~ t
• n, ...
o ~

...
:2
n

ELECTRICAL CHARACTERISTICS

Test procedures are shown for ontv one
mverter. The other «werters are tested In

the same manner.

1---[>--2
3-{)o-'
5---[>--6
9---[>--8
11-{)o-10

13---[>--12

Pins nor listed are left open
NOTE: All Tests must be performed with a 1N2369 input diode or equivalent.

,e ,e •

s:

I

I'
J.



HEX INVERTER
(Act;.e Pullup)

MC690 ISSUE;

The MC6,90 is a high threshold hex' inverter and utilizes an active pull-up
to minimize output impedance. This circuit is useful in ~igh noise environ
ment applications. The input diode has been left off the circuit.so it may be
expanded to any number of inputs.

CIRCUIT SCHEMATIC
1116 OF CIRCUIT SHOWN'

VCC
14

5 --{:>c>-- 6

8. 12 • 2k
11 ---t:>o--- 10

13 -{::::»-12

8' 2
PoUt"'" Logic: 2.-T
InD'" La.;,.. Feetor· 1
OutpUt LD.Ung Fector ~ 10
PtOOagetlon o.t.., Time. 150 ns t

Tvp.eat ToQl Power OiHipation Witt.

VCC· , 5 V
I"PUtt Hi.... 1 73 mW
Inoutl Low· S5 mW

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

.-.....:;.

TPOvt
17 V<lC

.,~:.o' .•
~-'

II

7.5 V

7.5 V

____~==-=!.~__ Gnd

=~f------l~===Gnd

'"'nIN2388

IpF~ ,.pFI,pFl lh'~

" • 2 ... It Oft"')l for toa- _.
2<t. II.0 ...... 'or tpd. tM.

PULSE
GENERATOR

PW-1.o,..
t-lGOkHz

I.
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V

ou

• I .. 'r'~.
"'Vm.,.

. i~J ~ f -,- /J
pJ

Lolilf ...._ ec No:'.. I""""nlt.,

I"~.." ·I-.L
VI~n..;;..-..., '., -T.l. VOL

VOU<: . AT
7.tlVm••

'.'

II pF

.....:-

,-

-r

•

"out Vee..,,"'.
I'

OJm
C/)
-t
oo
\iJ

t

10 p' ... &.0 p'

,,Na_

'-[>--2
3-[>--.
S-{)o-6

.-[>--.

!I,ClP'

~-,~ ',.'.

'YT- 'l:

" • 24 k ohm. 'or hi_lev.. ,e"
2.4 It ohm. for low lev" ...,

AC NOISE IMMUNITY TEST CIRCU,T AND WAVEFORMS .. >soC

-,

··i .:....,~ . ., ",
'*,;h;S.;~j\:<'I...<j;t·.~~""", . 'II, i' "~ "". •'iI'l .•«J .....,",_,1.: .•• _~
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TEST CURRENTIVOLTAGE VALUES tAli Temperaturesl

mA Vol..

IoL1ltoL2 'OH V,l v'HI VF IVR Ivcc IVCCL VeeH
- 10.0 I 20.0 I 0.10 7.00 I 8.50 I 0.50 "6.0 I 20.0 I 12.0 I 25.0

MC690 T.. Limi..
Pin TEST CURRENTIVOlTAGE APPLIED TO PINS1..ISTEO BELOW;

Undw -3O"C +26"1: +1SoC

Che,ect_i,tic Symbol T•• Min Moo Min M.. Min Max Unit loll 'OL> 'OH V,L V,H VF VR VCC VCCl VCCH Gnd
OutpU1VoUage Vall 2 05 0.5 - 0.5 Vde 2 1 - I. J

VOL2 2 - 10 .- 1.0 - I .• Vde - 2 - .. 1 - I. .. - J

VOH 1 2 10 - Vde 2 1 - - I. J

VOH2 2 - - 18 - - - Vde - - 2 - 1 - I. I. J

Short-Circuit elllT,nl I~~ 2 - -17.0 - 16.3 - -15.6 mAde - - .. - - - - - - I. 1,2,7

Forward Current I. 1 - -1.20 - -1.12 - -1.12 mAde - - .- - - I - I. - - J

Power Orein Current ICCl I. - - - IS.0 - mAd. - - - - - - .- - I. 1,3,5,1.9,11.13

(Tot" Oevteel 'CCH I. - - - 28 - .. mAde - - - - - .. I. .- J

Switching Timn
.

Pul,,'n 'ut.. Out

11-2+ 2 - - - .00 - - n. 1 2 - - - - I. .. .. J

11+2- 2 - - - 200 - - .. 1 2
_. - - .- I. J

Pins nOI tilted •• left open
NOTE: AU Tesu mult be performed with. lNl369 input d;odt or equivalent.

E UCAL CHARACTERISTICS
T8$1 loKocedures are shown for only one
inverter. The other inveners are tested in
the $1m. manner.
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HEX INVERTER/
TRANSLATOR

MC69J ISSUE i-

The MC691 is a monolithic hex inverter/interface element. It
consists of six gates for interfacing between nominal 5 volt togic
levels IMeMOS, MTTL, MOTU and high logic levels from 12 to
20 volts. The MC691 is ideal for driving MHTL and MeMOS high
level devices.

1/6 OF CIRCUIT SHOWN

• 5 to 18 Volt CMOS Compatibility

• Wide VCC Range (12 V - 20 VI

• High Fan Out (10 MHTLI

• Wired-OR Capability

• Good ac Noise Immunity

• Available in Dual-in-Line Ceramic or
Plastic Package

'4Vee

8.0 k
16 k

12 k

....---<:>2

3.0 k

1--{)o-2

3--{)o-4

5--{)o-a

9-{)o-e

11-{)o-10

13-{)o-1Z

Positive Logic: 2 - l'

Input Loadl", Fector - 0.4
Output Lolldlng Fector. 10

Propao-tion O"ey Time:
t+_ s 150 ns tVP
L+ • 300 n. tYP

TYPical Total Power Olssi••tion:
Inputl High - 500 m~p/pkg
Input Low· 150 mW Qlp/pkg

L-_-......---.....--'-<l7
Gnd

TYPICAL APPLICATION

Vee =5.0 V 12 V .;;; vcc s 20 V 15 V

MeMOS MC14011
MDTL MC946
MTTL MC5400

or Equiv.

MC691
MHTL Me66S

or other High Level Logic

IIWlTCtllNG.TIMU.TEST CIRCUIT ANDWAVEFORMlI

TPln TPOut 17 V.

~--50"

:-I-~===~--- Gnd

.~~-----1-~==Gnd
'\0_

1+,.~~.--j::Ir-----~--- -
It

A· 2.4 kO for,+-_
uta "'......

tOpF

PW - t.O'-_
PAF.5OOkHz
Amplitude· 3.0 V

See General Information section for packaging
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1----{»-2
3----{»-.
5----{»- 6
9-{»--e

1'-{»--10
Test procedures are shown for only one
mverter. The other inverters are teited in
the same manner.

ELECTRICAL CHARACTERISTICS

e

'2
TEST CuRRENTNOLrAGE VALUES

rnA Volts

'OL1 IOL2 'OH V,L V'H VR' VR2 VCEX V. Vee. VCC2 Vee VCCH

t7S0c 10.0 20.0 -0.1 08 '9 40 20.0 20.0 05 200 16.0 12.0

't25oC 100 20.0 -0.1 10 2.0 40 20.0 20.0 0.5 200 16.0 12.0 25.0

-30"<: 10.0 20,0 40.1 1.05 2.1 20.0 05 200 16,0 12.0

MC691 Ten Limits
Pin

-JOoC "'25°C +15oe TEST CURRENTNOLTAGE APPLIED TO PINS LISTED BELOW:
Under

Chilfecteri,tic Svmbol rest Min M•• Min MOM Min MOM Unit lOll 'OL2 'OH V,L V'H VR' VR2 VCEX V. Vee I Vee2 VCCl VCCH Gnd

OUljJut VOl1age VOLl 2 . 05 0.5 05 Vllt: 2 ... - 1 - - .. - ,. 7

VOL2 2 '0 '0 10 Vdc - 2 1 - 1 .- 7

VOHI 2 10.0 10.0 10.0 vee 2 1 .- .. . 14 7

,VnH2 2 18.0 18.0 180 VUl: 2 I ..

"
... 7

ShOfl·C"cuil Current rsc 2 - -2.4 -2.3 -2.3 mAde 14 1,2.7

Reverse Current IRI 1 - -- 2.0 . 20 "Adc . - - 1 .. - 14 - 7

IR2 1 10.0 '00 /JAde I -C 14 . 7

Output Leakage Current 'CEX 2 - 75 - 75 .. 75 /JAde - - 2
"

- l.7

F01 ward CUrlent I. 1 - -0.5 - -0.4 -0.4 IlIAde - - - 1 -- 14 - 7

Power D,am Curren! ITo.al DeVice) ICCl 14 - 95 - 9.0 - 90 mAde - - - - - - - - - 14 1,3,5,7.
9,11,13

ICCH 14 - 34.0 .. 31.0 - 31.0 mAtie - - - - ..

"
- - 7

Switching P••"",t...s Pulse In Pulse Out

Turn-On Delay 11 1-2- 2 250 - n, 1 2 - - 14 - 7

Turn·Off Delav ·1_2'1" 2 500 - n, 1 2 14 7

@
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ISSUE A

4

12

. ,.

o-......--<J 3

0-....-013

LOGIC DIAGRAM

2

6 ""'------.r-.......

~----<l5

7

9 ""'------J,--------.......

0-.......--011
10

14

15

Vee = Pin 16
Gnd = Pin 8

Positive Logic 3 = fe2

Input Loading Factor = 0.415

Propagation Delay Time = 400 ns typ
Typical Total Power Dissipati0r:' = 300 mW tv p/p k q

A II @ Vee = 1 5 V 0 I ts

MC693

QUAD POWER "NAND" GATE

CIRCUIT SCHEMATIC
1/4 OF CIRCUIT SHOWN

• Power Supply Voltage 5 Volt ~ VCC ~ 20 Volts

• Input Compatibility with Many Popular Families Including
McMOS, MTTL, MDTL and MHTL

• lout rnax " 300 mAdc per Gate

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.

• VOL~ 1.4 Volts @ IOL =250 mAd~

• Schmitt Trigger Inputs with the Thresholds Set Internally at

V I L = 1/5 VCC, V IH = 3/5 V CC

• Maximum Operating Output Voltaqe =30 Volts

• Output Clamp Diodes: V F ~ 1.5 Volts @250 mAdc

• The Plastic Package Has a Built-in Heat Spreader for Greater
Maximum Power Dissipation

• Superb Noise lmrnunitv

• Small Variations in Threshold Due to Temperature

• Devices Are Available for Full Temperature
(-550 C to +1250 C) Operation by Ordering MC693tL

•

•
Vee

16

2

25k 10k 2k 8k

12k

1k

2.5k

,.---__"'"""---0 4

~--__~-o3

8 Gnd

See General Information section for packaging
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MC693

•

ECTRICAL CHARACTERISTICS
proced~res are shown. for only one

. The other gates are tested in the
same manner.

Pin 8 is grounded for all tests. All Pins are
open unless indicated otherwise.

lOGIC DIAGRAM

3
2

I

4

6
5

7

Pin
-300 C +25 0 C +75 0 CUnder V CC

Characteristic Symbol Test Vdc Min Max Min Max Min Max Unit

Input Reverse Current IR }J.A.

(Pin 1 = 15 V, Pin 2 = Gnd) 1 15 - 2.0 - 2.0 - 2.0
(Pin 2 = 15 V, Pin 1 = Gndl 2 15 - 2.0 - 2.0 - 2.0

(Pin 1 = 20 V, Pin 2 = Gnd) 1 20 - 5.0 - 5.0 - 5.0
(Pin 2 = 20 V, Pin 1 = Gnd) 2 20 - 5.0 - 5.0 - 5.0

Forward Current IF mA

(Pin 1 = 0.4 V) 1 5.0 - -0.25 - -0.2 - -0.2
(Pin 2 =0.4 V) 2 5.0 - -0.25 - -0.2 - -0.2

(Pin 1 =0.4 V) 1 10 - -0.45 - -0.4 - -0.35
(Pin 2 =0.4 V) 2 10 - -0.45 - -0.4 - -0.35

(Pin 1 = 1.5 V) 1 15 - -0.55 - -0.5 - -0.45 ,
(Pin 2 = 1.5 V) 2 15 - -0.55 - -0.5 - -0.45

Supply Current, Inputs High ICCH mA
16 5.0 - 15 - 12 - 10
16 10 - 23 - 18 - 16
16 1.5 - . 31 - 26 - 23

Supply Current, Inputs Low ICCL mA
16 5.0 - 7.0 - 6.0 - 6.0
16 10 - 14 - 12 - 11
16 15 - 21 - 18 - 17

Output Breakdown Voltage V BO V

(Pins 1, 2 = Gnd, IBO (Pin 3) = 3 5.0 30 - 30 - 30 -
100}J.A)

(Pins 1,2,3 = Gnd, IBO (Pin 4) = 4 5.0 30 - .30 - 30 -
100}J.Al

Output Voltage in Low State, VOL V

(I OL = 250 mAl

(Pins 1, 2 = 3.5 V) 3 5.0 - 1.5 - 1.4 - 1.3

(Pins 1, 2 = 7.0 V) 3 10 - 1.5 - 1.4 - 1.3

(Pins 1, 2 = 10.5 V) 3 15 - 1.5 - 1.4 - 1.3

Clamp Diode Forward Voltage °FV
'. V

(Pin4 = Gnd, I FO = 250 mAl 3 - - 1.6 - 1.5 - 1.5

Switching Times Typ Max ns

t1-3+ 3 15 - - 400 800 - -
-.

t1+3- 3 15 - - 250 500 - -

INPUT THRESHOLD VOLTAGES (All Temperatures)

VCC Value (Vdcl

Threshold Symbol Vdc Min Typ Max

High-Level Threshold V IH 5.0 - 3.0 3.5
10 - 6.0 6.5
15 - 9.0 9.5
20 - 12.0 12.5

low-Level Threshold V IL 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

Jl.
~ l..- 2.5 usee

t, = tf ~ 20 ns

PRF = 100 kHz

Duty Cycle = 25%
~---50%

-~----~---50%

TP o u t -~~~~~---GND

•

•

ABSOLUTE MAXIMUM RATINGS IT A = 25° Cl

Rating Symbol Value Unit

Power Supply Voltage - Continuous VC C 20 Vdc
Pulsed, 1.0 s 22

Output Collector - Voltage VCE 30 Vdc
(Off Condition)

Output Current - Continuous IOL 300 mAdc

Pulsed, 1 ms 600

Maximum Operating Frequency f 300 kHz

Input Voltage V in Vdc

Maximum . +20

Minimum -1.0

Power Dissipation and Thermal Characteristics

Dual-in-Line Ceramic Package

Maximum Junction Temperature TJ 175 °c

Maximum I nternal Dissipation @ T A = 25 0C Po 1000 mW

"Therrnal Resistance, Junction to Air ROJA 0.15 °C/mW

"Thermal Resistance, Junction to Case ROJC 0.09 °C/mW

Dual-I n-Line Plastic Package

Maximum Junction Temperature T J 150 °c
Maximum Internal Dissipation @ TA = 25 0 C Po 1.8 W

"Thermal Resistance, Junction to Air ROJA 0.07 °C/mW

"Thermal Resistance, Junction to Case ROJC 0.15 °C/mW

t Operatinq Temperature Range L, P Suffix T A -30 to +75 °c

tL Suffix -55to+125

Storage Temperature Range (All) T stg -55 to +125 °c

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

t Nore: Consideration must be given to electrical conditions in conjunction with the power dissipation

derating curves of Figure 6.



MC893

;SUE A

• TYPICAL CHARACTERISTICS

FIGURE 1 - INPUT FORWARD CURRENT versus
POWER SUPPLY VOLTAGE

FIGURE 2 - POWER SUPPLY CURRENT versus
POWER SUPPLY VOLTAGE
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FIGURE 3 - COLLECTOR CURRENT versus
OUTPUT VOLTAGE

FIGURE 4 - PROPOGATION DELAY TIME versus

POWER SUPPLY VOLTAGE
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FIGURE 7 - TYPICAL VARIATION IN THRESHOLD VOLTAGE versus

TEMPERATURE, NORMALIZED TO 2SoC

~'"
~""'-

..........--,
~ "'-- ...

-.....
i'-.... t--~ """-.

-~ ""-.~- ~ ....

~~~~-- .....
~ - --

" r-, ..........
~r---r-- ......

<, .......... ...... ""'- .."- r-, """--
......... -, ~~

'~
........r-,

~,

r-,
10 V

1.04
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VIH@Vee = 10V,15V,20V

VIL@Vee =15V,20V

VIH@Vee=5V

100o 25 50 75

TA. AMBIENT TEMPERATURE (DC)

-25-50

VIL@vee = 15V,20V

VIH@Vee = 5V,10V

V'H@Yee = 15V,20V
1.00
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VIL@Vee = 5V,10V•

•
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
Relays
Common Cathode LEOs
PNP Power Transistors
DC Motors

5.0 V .;;; V cc .;;; 20 V

Vx ~ 30 V

'L ~ 250 rnA

VL ~ 28.5 V
Rc is a current limiting resistor to be used

when required. Its value is determined by:

VX-VL-VoH c = --'-.:.....---..:~--..:

'L
where Vo may be the maximum value of

1.4 V or may be a typical voltage selected

from Figure 3.

or Equiv.

eJ .Example: Stepper Switch/Stepper Motor Driver
Input Pulse

MC693

MC14011

MC7400

MC846

MC668

-MeMOS

MTTL

MDTL

MHTL

MC14011 MC693



DUAL INTERFACE ELEMENT,
LINE DRIVER/RECEIVER

•
MC696

BLOCK DIAGRAM

(1/2 Device Shown)

Vref
4 (12)

ISSUE B

The MC696 dual Line Driver/Receiver/Repeater is designed for
industrial logic applications requiring high immunity to electrical
noise. Because of its high input impedance (~ 20 k !1), the
MC696 is suitable for interfacing between logic families (MECL to
MTTL, MeMOS to MTTLl. Other attributes of the MC696 include:

N umbers in parenthesis denotes pin numbers for

other half of device

(11)50-----__.

(10)6o-----~

(14) 2 o----._[]

( 13) 3 D--------J

~~----o7 (9)

.."..;...,.------01(15)

Gnd = Pin 8

Vee = Pin 16

• Low output impedance (~20 !1 in LOW state).

• Differential inputs and outputs.

• Internal bias, reference, and hysteresis sources .

• Useful for single-wire input/output applications

• MeMOS compatibility

• Capability for operation over a wide range of power
supply voltage (10 V ~ VCC ~ 25 V)

1/2 of CIRCUIT SHOWN

15 k 1.5 k

( 15)
......-..-01

5.0 k

1.0k 7.0k

V ref

( 12)

4

1.0 k

( 14)

2

30 k1.5 k1.5 k

16

Vee

30 k

(10)

6

10 k

7.0
k

15
k1.5 k

(9)

70-......- ...........

•

•

See General Information Section for packaging.
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ELECTRICAL CHARACTERISTICS

Test procedures. are shown for one half
of the device. The other half of the
device u tested in the same manner

V r e l

12

Vee Gnd

, 1 _l_j__ 9 15

4
V r e f 0 I I

~ ~ ! J ~ ~ ! J TEST CURRENTNOL TAGE VALUES (All Temper.tu,"'

5 6 2 3
"

10 14 15 mAdc jjA.dc VOLTS

lOLl IOL2 'OLJ IOH2 'OH I,ef VIL Vll1 VIL2 VILJ VIH VIHI VIH2 VIHJ VCEX VCC VCC' VCC2 VCCJVCCH

120 15.0 20.0 -1.0 -30 0.0 1.5 4.0 6.5 10.5 25.0 6.0 8.5 14.5 25.0 15.0 14.0 16.0/10.0 25.0

Pin
MC696 Test limi" TEST CURRENTIVOLTAGE APPLIED TO PINS LISTED BELOW:

Under -JOoC +25°C +750C So

Char.cteristic Symbol Test Min Max Min Max Min Max Unit lOLl IOL2 IOL3 IOH2 'OH I ref VIL Vll1 VIL2 VIL3 VIH VIHI VIH2 VIH3 VCEX VCe. VCCI VCC2 VCCL VCCH Not. Gnd

Output VO'.a!!" VOH1 1 8.5 8.5 _. 8.5 - Vdc - _. - 1 - 2 - - -- - - - - 16 - 4,6 8

7 8.5 8.5 .. 8.5 Vdc - 7 6 - - - - - - - - - 16 - 2,4 8

VOH2 1 125 12.5 - 12.5 .- Vde - - - 1 - ._. -- 2 _. - - - 16 - - 4,6 8

7 12.5 12.5 - 12.5 - Vde - - -- - 7 - - - 6 - - - - - - - 16 _. - 2,4 8

VOH3 1 230 23.0 23.0 - Vde - - 1 - 2 - - - - - _. - 16 4,6 8

7 230 23.0 23.0 - Vde - _. - - 7 - - - -- 6 - - - - -- · . -- 16 2,4 8

VOH4 1 no . 22.0 -- 12.0 - Vde - - - 1 - - - 2 - _. - - - -- - - - ,16 4,6 8

7 no - 22.0 - 22.0 - Vde - - 7 - - - - - 6 - - - - - .• .- - - 16 2,4 8

VOLl 1 1.5 - 1.5 - 1.5 Vde 1 - _. - - - •. -- - - 2 - - . _. .- 16 . 4,6 8

7 1.5 -- 1.5 1.5 Vde 7 - - - - - - - - - - 6 - - - - - 16 - 2,4 8

VOL2 1 -. 1.5 - 1.5 - 1.5 Vde . 1 - - - - - - - - - -- 2 - -- - 16 - - 4,6 8

7 1.5 - 1.5 - 1.5 Vdc - 7 . - - - - - - .- - - 6 - - -- 16 - -- - 2,4 8

VOL] 1 1.5 1.5 - 1.5 Vde _. 1 - -- - - - - -- -- 2 · - - 16 4,6 8

7 1.5 - 1.5 - 1.5 Vde - - 7 - .. - - - - - - - 6 - - - _. 16 2,4 8

Rele,enee Voltage Vrell 4 4.0 6.0 40 6.0 4.0 6.0 Vde - _. 4. - - - - - - - -- - - 16 2,4 8

V",,2 4 6.5 8.5 65 85 6.5 8.5 Vde - - - - - 4 . - - - -- - - - - 16 - - - 2,4 8

Vrel3 4 11.0 14.0 11.0 140 11.0 14.0 Vdc - - -- - - 4 - - - - - '- - - - - - - . 16 2,4 8

Forward Current 'IH 2 . 10.0 .- 10_0 - 15.0 "Ade - - - --- - - - - - 2 · - - - · - 16 - 8

6 -- 100 - 10.0 - 15.0 "Ade - - - - - - - - - - 6 - - . - - - - 16 - 8

'IL 1 2 -045 -0.40 -0.40 mAde -- - -- - - - 2 -_. - - - - - - - 16 . 4,6 8

6 . -0.45 -- -040 -- -0.40 mAde - - - - - - - 6 - - - - - - - - - - 16 - 2,4 8

'IL2 2 -1.0 - mAde - - - - - 2 - . · - - -- · - . 16 4,6 8

6 -- - -1.0 - - mAde - - - - -- -- 6 - -- - - - -- - - - - - - 16 2,4 8

Output Leakagp. 'CEX 1 100 100 - 100 "Ade - - - - - - · - - 1 - - - - 16 4,6 2,8
Curren' 7 100 •. 100 - 100 "Ade -- -- - -- - - - -- - - - - -. - 7 - - - - 16 2,4 6,8

Short-Circuit ISCI 1 -3.9 -10.0 -3.9 -100 -39 -10.0 mAde - -- - -- - -- - - . -- - - - - 16 - 4,6 1,2,8
Current 7 -3.9 -10.0 -3.9 -10.0 -3.9 -100 mAde - -- - - .. - - - - - - .- 16 - 2,4 6,7,8

'SC2 1 -6.5 -16.0 -6.5 -16.0 -6.5 -160 mAdc .- -- - -- - - · - -- 16 - - 4,6 1,2,8
7 -6.5 ·160 -6.5 ·16.0 -6.5 -16.0 mAdc -- - - - - -- - -- _. - - - - 16 - - 2.4 6,7,8

'SC3 1 -17.5 -250 -12.5 -250 -125 -25.0 mAde - .- - - - . - '- - - _. - -- - 16 4,6 1,2,8
I -125 -25.0 -12.5 -25.0 -12.5 -25.0 mAde - - - -- - - - -- - - .- _. - - -- - 16 2.4 6.7,8

Power Drain 'CCL' 1(i -- 12 -- - mAde .- - - - - - - - · - - 16. - -- - 2,6,8,10,14
Curr~nl 'CCl2 16 15 mAdc - -- - - - -- - - -- - - '- - 16 - 2,6,8,10,14

Torat Device 'CCHI If, -- 25 mAdc - - -- -- - _. . - 16 - - 2,4,12,14 8
ICCH2 1(; 30 - mAde -- - - - - - - - .- - _. - - 16 2.4,12,14 8

Pulse Pulse
Switching Time In Out

t2" _ 1 500 - ns 2 1 - -- - - 16 4,6 8

'7-1' 1 10 - "s 2 1 - -- - - - -. 16 4,6 8

'6' 1-
., 500 -- IlS 6 7 -- - - - 16 - 2,4 8

'6-7' 7 10 - "S 6 7 _. - - - - -- -- -- - 16 -- 2,4 8

Note: Pin numbor s li~tp.r1 should t1f? tied toc}p.ther hf!for~ per for minq test

'e e •
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SWITCHING TIME TEST CIRCUIT and WAVEFORMS

•
8.

5 Vlli
ov

-.l l.- 5.0 usee

t r ~ 20 ns (10% to 90%)

tf~ 20 ns (90% to 10%)

DUTY CYCLE = 50%

f = 100 KC

TPin VCC
2 16

MC660r-----
I

I I 4n-_---I
L ..J

8

Gnd

Q

7

Note: Circuit schematic is shown for 1/2 of device only.

----- 50%

---..,-----__1---- GND

-~-----__I'#_---50%

--r---------- GN 0

•
Notes to param~tersand limits:

1) Common mode rejection ratio: Typical rejection ratio for
the MC696 in the common mode (seeapplication note) is 75 dB.

2) Common mode range: Typical common mode range for the
MC696 is from 1.5 volts to 1.5 volts less than the VCC volta~ e.

APPLICATION INFORMATION

FIGURE 2 - TYPICAL HYSTERESIS VOLTAGE (Vll' VIH)
versus FEEDBACK RESISTANCE (RH).

the device are centered about the 7.0 volt level.
Note that both switching points change symetrically about that

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.
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FIGURE 1 - HYSTERESIS CIRCUIT

HYSTERESIS MODES OF THE MC696

The MC696 has very flexible hysteresis capability, enabling the
designer to adjust the switching thresholds (and thus the noise
immunity) of the device to suit his needs. The hysteresis thresholds
(VI L, VI H) and widths (VHW) for various feedback resistor values
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

'tied to the internal reference voltage of the circuit (approxi
mately 1/2 VCC), the high-level and low-level switching points of

•



MC696

./

FIGURE 4 - HYSTERESIS CIRCUIT WITH VARIABLE
HYSTERESIS LEVEL

The hysteresis center-point level can be changed by varying the
reference voltage level as shown in Figure 4. giving complete control

11

4
3.02.0

VHW. HYSTERESIS WIOTH (VOLTS)

FIGURE 7 - FEEDBACK RESISTANCES versus
HYSTERESIS WIDTHS
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FIGURE 5 - HYSTERESIS CiRCUIT - CENTERING VHW
WITHOUT EXTERNAL REFERENCE VOLTAGE VL

over the setting of the hysteresis levels. The only limitation is
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 Vce). If 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

.,0

~ 9.0
>
:r: 8.0
~

o
~ 7.0

R2 4 Rl

2

6

~o-------<""'--<)7

typical values for R1, Rl/R2. and width VHW versus Vee of
10 V, 15 V, 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 R 1 and R 2 for the
vee voltage used.

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
widths shorter than a predeter mined value. The graph in Figure 10



FIGURE 8 - VHW, HYSTERESIS WIDTH (VOLTS)

(Internal 7.5 k for Hysteresis)

shows the minimum input signal pulse width necessary to trigger
the circu it versus capacitance.

I n 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.

FIGURE 11 - USING MC696 AS DIFFERENTIAL
LINE DRIVER/RECEIVER

MC696 as line Driver/Receiver/Repeater

One of the best applications of the MC696 is, of course, as a
Iine driver /receiver Irepeater, 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-pa ir Iine driver
and another as a line receiver. The balanced series resistance, RS,
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FIGURE 9 - MC696 AS SINGLE-ENDED

SLOW·DOWN ·RECEIVER
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PW o u t

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). Ro merely terminates 'the line in its characteristic
impedance ( ::::: 100 ohm for 30 turns/ft. AWG 24-28; twisted-pair)
so 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. < Vdiff. rnin ee50 mV
(For safety margi n use Vdiff. = 150 mV)

2) IL<ISCmax.

3) Receiver input common-mode voltage centered in common
mode range (1.5 V < CMR < Vee -.1.5 V)

For Vee = 15 V, these constraints require RS to be about 5.0 k.

FIGURE 10 - MINIMUM PULSE WIDTH versus

SLOW·DOWN CAPACITANCE

1000

FIGURE 12 - DC EQUIV. CIRCUIT
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- . If necessary, hysteresis can be added to the receiver to improve
itchi ng characteristics, and for upgrading the signal along ex

emely long lines, the MC696 can be used in a repeater configu
ration as shown in Figure 13.

FIGURE 13 - USING MC696 AS LINE REPEATERS
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FIGURE 14 - USING MC696 AS SINGLE-ENDEQ
LINE DRIVER/RECEIVER

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 t he internal reference (1/2 V CCI, 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 electrical char
acteristics at +2SoC.
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HEX INVERTER
(Passive Pullup)

•
MC697

1/6 OF CIRCUIT SHOWN

ISSUE A

The MC697 consists of six high threshold inverter
gates with passive pull-up outputs.

14

Vee

3 k 15"

12 k

5kU -U7

GND

1~2

3~4

5~6

9~8

11~10

13 --{::>o-- 12

Positive Logic: 2 = .,

I nput Loading Factor = 1

Output Loading Factor =0 10

Propagation Delay Time = 125 ns typ

Typical Total Power Dissipation:
Inputs High = 246 mW

I nout Low -= 96 mW

, '

TEST CURRENT,' VOLTAGE VALUES (All Temperatures) I
Test procedures are shown for only one mA Volts !inverter, The other inverters are tested in

'OL IOH VF VeEx ! Vec VCCL ! VCCHithe same manner. V1L V1H VR

12.0 -0,03 0,50 aso 1.5 16 0 lti 0 I 15 0 14,0 I 16 I) I
I

MC697 Test limits TEST CURRENT! VOLTAGE APPLIED TO PINS LISTED SHOW: !
I Pin
I Under -30'C +25'C +75

cC -
V1H IVF I VR VCEX IVcc

I !VCCHCharacteristic i Symbol Test Min Max Min Max Min Max Unit IOL IOH V1L I VCCL God

Output ""It.,c:" "OL
2 I ! 1. 5 1.5 15 I Vdc 2 I I I 14 i ;

!
I I

"OH
2 I 12 '; 125 12 '; I ,'de 2 I

I !
I'; :

i i

~hl ... rt·l'irL'L:lt l'urn::lt 'sc 2 1-0 . 5 -l. 5 -0.6 I -t. s -0.6 -i. s mAdc
I I I i I'; ~ .-..I I I

i I i !

Ht~\'l'r:-:t! Cu rreut ! If{ I I I 2,0 2,0 2,0 i_ Adc' ! ! I I i 1';
I

;
i i I

I ! ! 100 I ,,_ s"lc I I i

I
i

Output 1 c·.lk .•~,
'CEX

2 100 2.14
!

l,:

i
I

I
Currunt i i

F'Jn..;.J.rd Cu rrout I IF I -12'0 -1. 20 -120 ImAdc I
I I

I I I'; ;
I I

I I !m Adc
I .

I
IPi ),,,,,,(, r 0 LUll l' ..r :"t' :I(

'CeL
14 ~, 0 I I'; I,,], j,:, J. i l.lJ

\1ul.l1 Dev.. "I I Im Adc
I

Ii
I
C C Il

14 I
30 I I'; ~

i I Pulse Pulse

i~',\'llt'illl1:":' Tillll'::-: I In Ouf
t

l_ 2
_ 2 I 250 I us I 2 -

I
14 ~

I
!

t
l_ 2_

2 100 , 11:; 1 2 14 ~

ELECTRICAL CHARACTERISTICS

•

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

TP o u t

+--------'k-- 50%

+-----~---50%

----------- GND

VCC

1.5 k

100 pF I

MC660
;--__-L.__-+_,..._ G N D

f = 500 kHz

DUTY CYCLE = 50%

.t
See General Information section for pack aqmq.
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,,,,,,,,t woll fu,n ell ~en out""," on, A "PQfe'llIri,"9 'nQUt "
Pl'O¥rdltd lhet "ft "0 .ft.:t Ul:eS)t .,.".,.... eICh of the lour deu

'ncJUfI ere ,t 1CJ9tC zero, Then ,I the "ppe·tIl",.,"9 ,nput 'I .t
zero . ..--, I.nd on'y .-n.,1 the lou, dell 'nQU1I ere .t zero.

.11 ~ ouqauu ..II be It latlC one ldilolly 0"1. If tfte
'i~i". onput 'I It lOflc one lend IN four dIU~
er. It ,.01.•11 outputs ••C80C 0(; .,11 be .t _ ("0" <tit
cMevedl. If .ny of the dig '''OU11 ere .. lotlC ON. en.,,~.
OIentl,"9 ,"OUt .," twwoe no effect,

~~

~.~--d:6-

~
' , ! ... ""

"I • . .• ~ I
I ~ ! •

..=O++f I i~. '.. (-::0 ,;; ! ;

I~~ot,."
~, ,up

'4· '03

--~O"ltJt

... tIlenkll'9 inQUt '. P'O¥,ded th.t lurnl ,II of the outPU" oH
~ .t 'I low (rete,dI.. of the n... of en'll other ,n"",ul

Aho 1)fO¥ide(l 'I , lemQ t"t '""'-It m.t un be opetltttd lIIWt'len·
_ me tIlenki"ll ,nput 'I ",~, A 1000cel zero on m. lemp lINt

LoP Di.....

WTEL.EDVNE
SEMICONDUCTOR

.......
• 40 lftA OU'1"\JT I'NK C.vAa'LITY
• aUHK'NQ CAl'AallITY ",OV'OIO
• ~ TIlT 'NPUT
• " .. AM) 'UNCTION IQU'VALINT 0' nL ' ..,A........ Deeer"_
Thts~ 'I ctI.rc,-iled bot _n open<oIlector outPUts

c:orrelPQndi", to the ....",enu,n LED disolIV un'lI wen II It\e

MonMnto ~n·l, A 4-bit binarv code lOOlied 10 me cUt. ,nputs

CMIMI the outpUtl to tum on ,n the con ... ntionel 7 MIIl, ..... t
ClQde,

TSC383
DecoderlDrtver

e BCD-to-Seven-Segment

-----------------... ,., 51-/7



DecG_lDttu. _
~t>( 04t~10 0

T-s/-17

• I. ,

I' I •

! •

,.,.
'UNCTK* LOADtNG

,,-a.c.o l"CJUts , UL
IQ, R~Bl"',"9 Input , UL
LT UmC) Tftt 3 UL
Iii Bl.".ing t"CJUt 2 UL
OA·G ~tPUu See eleet nUl

"'-ac:"",UICI
RBO RipeMe-Blank ing 2 UL

~tput..~ ........................_-.....

.,
· \· .

.
.'. '!.; •• I·: j: .:

1-01

, .:
I I'

i •

....

'. -

1.·1~

BEST COpy

..
5

C
, ;or

8Q1833o T~lfOY~E Sf.~I(u~~U(TUR
Trvth ....

..;~-' ¥~~-~~-:~~ ~.- .,"-.0 ~-o:-~ ~la:~-~ 1"T~~~ :
• • I I 1:::::' . . . · · . : .

, I •

• ! •.
, ' .

. .
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DecoderlDrtver 383

STROBINli Ut'tHAIlu..

RUM' Vce - VF - VOL • 13.0\( -3.6\1 -1.2\1 •~
I ST ROBE 4() mA

7=5/'/7

M".lIo-I .. ,
...D~~ ..

~""""l •

S.mpll! Cdlcul"tlon . Aslume ttle MAN·! d'lolly II to bot 'u"

al I"e ",,,. CUffenl dllo~f1 0'\1 ,he]83 ·40 mA. 5Q"Il. dut ...

evc'e

T'h~ Il'ob,nq ooer ar.o» ,t~" ·1 oKCompll\hed bot "waf t".
BJ,nklnq "'out IF,qt.J,~ ]1

()-,,, POOUld' If!Chn,ou.. fm ,nc'e"lnq t"e J&)C)¥ent btl'1't~'

of "'\DldV\ II to oul\l! the 1'wl .... , N,th "''1' cUff.nll ~

"dV"'~ 'lown" r"e 110_' (jII\lU.tlnn ~ 10_'lnq tn. duty

c ...el" dCCn'dlnql... Th~ r11\pI~ m."uf«tu'"\ "'ould bot con.
'.u l l", 1 a; to the mal CU4',~nl 01. 1Uly cyel. ttl.t ,"ould be IIWd

'Not" t"e" unlB. The J8J "'Ould ()()t be U\«lNlt" , dtfQ4..,

cu,,~nt of ""O'e tI),n 40 mA NO MATTER ~AT THE DUTY

CYCLE' F"oIu,. to ob~rw thll OfllC..,t'Qn c ... ColUW I)lIt'm.

ne"t d.mq to the dlI".C1I I" oKldltlO". m. 4() mA ";LIre
\hould "01 be ulltd unl", lhe duty CYCI. 0' 50' 0' I.". L,m".
,nq r~llto, "Iuel \h()<Jld be c.lcul,tlld on ttl. Oft'l of the
str ooed CUff."t

A luqqelled C"CUIt fo' ,n ''''ten\lt ... mOOu'.IO' '\ \hown
,n F 'gull! 3.

r,.. .••oufoe.t.on ".1...-0"'.1'.'. ''''e .... Of ,""- .J!o (Jilr • .,. ~"""""'1

1.-0 1 e'" •• tf\e ~. 1 StIf"rr<. ~'" 0 ....t8 ...., Of t""e ~ 11 .,....

10 f"'. ClIP"'''' c.... tile Of' .... d __~••t'tf\o.." .....~. c.e...............

ot '''.n c ....,.,.." 1,,_,'1"'"1 , ..'ft'OPt.. ..............,....., '. f"'e )10 4~

,.tt"" ."'d )71 :Jee...,. co....,..,. 0.,.. ...., to -.0 .....,. ~ teOr'e ,,,,

,.. ..."'bef 'a boe 12'......

' ..... J. I..-. O'--~......... _
.... ft-'-" -..

s.mOI~ c aicuta no o Mon\dl1tn MAN·1 ndl • ]() ,..,A ",,,.

'O' ...."d cu,,~nt .'"1 .. ·'<lUdqP. '1I01l lJe' leqmenl III J 4V typ

~ ...... ,

CURRENT LIMITING RESISTORS

RUM' Vee -VE -VOL ~ lJ.OV -3CV -0.7V ~ usn
IF' ]0 mA

1•. 105

6ESTCOPY

LEO (j,\OI.'1\ f~qUlre t''''l.t r"'~ t:\Jrrenf th"'''Jqn th~m t~ t,~,tP.{1

~ s,erle'1 re~l\to'\ The md)[H'num Curren, 'low m~.." oe rjp.ter

""neo hv e,the, the LED (j'\p1d\l or the J83. $.nce the J83 'I

~ofled fa, ]0 ,nA tTld•. cont,nunu\ dutv t4() mA m" a , SO"i>
duty cvcte r. dl,pl'YI that 'eoU'r~ t"~I' current to be held to ]()

tTlA 0' len Ihould n,.~ tne" '~llltO' .,Iuel c.lcul"ted 011 the

1»"1 of the m.J1 0 110 1,, '11 current DIIOI'YI.th,t tTlUIl be'lmlted

to currenll grllte; tn,n ]0 mA Ihould "'"ve the" 'elII!O' .,IUlK

c.lculdted on the 1»111 of the ]0 m A "". current of the 383

fll'obed ,pol,c.tIOn, .",,11 be con\,oe'~(l \ep"dt~l\I I

· Ty.... Application.
Hq 1 tj 3 3 0 r f: L t:: J '0. E: ':lt: ~ I Cl: r-. uu ( TUR

"'" '~Ice " en.ract1lfll~d bv ~ •. :" f)\J~n couec ro- <lul\Jutl

CO"~I\JO()(ll''9 to th~ \eqmentl ", LED OI\P'd\l "nll\ '~cn d\

tn~ Monldntn Mdn 1 A 4 IJI t nfl'd", CO<l~ .lIlDlrp.<l 10 tn~ 1.t.

'''OU!\ ..:au\p.\ t"'~ outPut, to rur" f)n I" !h~ C()nV~ntlnn'" 1 \f!'q

""4!nt C;)(h~



...

Deec der!DfMf 313
'.~,C 1)4't7l D

Th" Jd'.rne c.nnot be ICJC'lled dIrectly to eI' of the d.tI
sine. It would cause 007,50600 to be dilPl.."ed It 7,5_5. Thlt
l)C'oblem " .lImin.ted by tM RBO outPut p,n .nidi del",-, •
1000c 111'0 ...n.ne_ , BCD 111'0 is on the det. inC)UtI. Iv
~j"9 tn" ,nlorm.t!lon to ttl. RBI ,nouts of the ne.t 383.
l)jlnk,ng ..",11 be ICcomo!i\hed only on ~,fiC¥1t twOeI.
Th. RBO pIn mun be uled .."ttI In 1.2'1 dilCr." oulluo
,.SIStor.

14 ·108

BEST COpy

s,
I

'-09

o

....
... "'0 0lef"1I1"'t action

e.~ _ ,u.......... _' _ "'"......._,y _la'_ "00,0<. ,... 333'. ",_y ...."... '."'0" '0'''' "'.0_.--..-- ..._ '_.....

o L_.. _ _ _. ,.., .-toe,,' _ , _-, '0, _ _If_........_If._ T..... _'y • ._.

Pro"'"0n "IS been mao. on tn. JIJ lor bllnk,ng outlnSlgM,I,.
c.nt uron to 'ncr.... legibility. Thus 007.50600 ould be
dlsol ....e<l It 7.50& ,I rn. rlPO'.·l)jlnkinV pro""ion, ,. used.
If rn. RBIp.n 's t'ed low, !tI. d,,,,, • .,,..,,,11 be blinked ewery t,m.
I BCD Nro IS IOOI;ed to tn. d.tI ,nPut1. This ISnorml"." don.
lor !tI. 1,," Ind Int diVl!s 01 , ·d'SQllv. In tn. p,.",OUS e.·
WI'I04<I. oo7.5OlSOO WO'Jld be dilP"Y«!.t! 07.5050, tn. I"st Ind
I"t digot1 beIng l)j,nk.d I,nce rn.... Ir. lIro

lS4.

r: q 1 b j 30 T~ L F J Y \j E ) F ~ I ( ()~~ : )IJ ( r oR
T,.... AppIic.hon. (conte.>
AI"'LE BLANKING
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T-YJ -/3Bipolar Interface Logic

Electrical Summary Data

T,..~
~... ~ (Vee - ·,IV =1Vl T... c--.-

·"C·,TA~-··C

Vee SuOO'YVo"~ 13v ..... Vo/1age '0< O"*" t-. - _ lIeIow
1'2V"Of'''nel
I 1V ",,"

V'ltl '"OU' r""""040 Y04'~ I.ow S OV """ au.'ln1IeeCl '"OUt lOw~ 'Ot
\ IH l"OUta IlICeoc 311 T, •

4 IV",," .'SV'1,_ lnoul r""""O'<l V04'~ ~" 8 SV ..... Queta"tee<l 1"OUt "ttflltWW\o6O lot
III InOuta lJIe_ 311 !&" '"OU'a •
1OY .....,..... lnou' Cu,"'"' Low, 1 U"" I.a.o UI. 2' mA m•• A, Vee ",.. Wt1tI V.. - VOl.

"- '"Du' L....19'I Cu""",, I U"',
Loecl UL '0 wA ..... A' Vee = .......tfI V.. - Vee .....

I..... 382 OU'ou' Mlgll er.... COW" Cu'''"'
Ooe" CoII«'o< Oevt<:" 2 mA ..... v«••• -esv

VOL OutoUI I.ow VOItI9'! _ I.a.O'"9 101. • , 0 • Ul I' Vee ""II ..tfIhDleo" Dall ~t 1 SV ..... V'oel • S 0\1 Ift<l V_ -,8 SV
vOl. 302 Outout I.ow VOI1~ 4V ..... IOl • '8"''' 10 TTl Ul323 Ore" Colleclo< DaYt<:11 4V ..... 'Ot. • 84 ... A 4 TTl Ul332 4V ..... 'Ol • 84 ... A 4 TTL UlJ3.' 4V ..... tOl • 84 ... A 4 TTL Ul310 1 2V "'I' '01. • 30 "'"382 2 5V "'•• 'Ol ~ 1 ... "Ja3 1V",•• lOt. : 20 "'" I0Cl' Out-, CyeleJa3 1 2V ..... 101. • 4() ",A 50' Ou1y Cycll
yO+< Outou' Ml9" VO'llga 0' III OeY'CII '" Vee "'''', V,.... • 5 OV, v,_ - 8 SV,

Wtlf\Ov1 Ooe" Co'Iec'o< E,clo' 10+< = , 0 • Ul
382 Inc2_ 100V",,"

v..... 302323 Outout~ 9rea*00wf'I VOI1I9'1 130V ...," I".... ~ '. mAo
332~ Ooe" Co'leclO< Oevt<:" 20 OV "'," '~A' = 4 "'AJeO 24 OV ""II I~A' = 0 S "'''31' IS OV "'," I~.... 05 "'AJ80-_

30 OV"""
V~ CMov1MNJfI Voneoe, Loected of '" Vee "om'".', V", • 5 OV

Ae1IW PllIIuOo-e. (-oJ V,_ • 8 5V, I()H • -5 "''' I'~*lnc2 _
1 OV """ .15 ... A '0< JOllftd -12"''''0< 350 381

'eu J02m.101 ~~ LMlleoe C~..... , 15 wA ",.. 'Ie.' > vee ",.. I
132.* ~CoAectOt~ 2~.. A rna. veu = vee .....
leO.•' '2S .. " ..... vc••• vee .....
Ja 5O .. A rna• veu > -"V.,

15." ..... ve ••• Vee .....
J80-_

l00 .. A rna. Veu • XIII
'0"''''1 lA,o StIli Not .. ''''''',,"Ity 3 5V I'll," Guatl"tee<l ,.,0 1"- t\OI..

",,"''''''ty aeroea~ ..... and
vee ~ tV v", - VOl

'1""" 0-.. SU,. Not .. '''''''u",t., 3 5V_" ~."...,_..--,-oty
ae'~ _0'Mge llNS Vee ~ IVV()H - V_

_ '0 .. ,-...", __ Ul lJftof_.... _ ......... _Do.. '_ ....... ' A_lOeIltor ...................l-.c" __ .......... '...... _ofoc_... 'or.-.- _rf<_.
'-", _ T 'cc . ,,.,, _ T, ., "C ,\, eo.. 'o -_ \\'C '0 "l\"C _ __ .~ _ , s.e "'_'", _

24'7
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...~ "'- _ ... -.."'_ rahnOe-v c__, a ...... ' .."",,_,,, "'1ll11 -.c:_ .. "'- •__ ..... Of .........
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Electrtcat SumlNlty DatIt (ContInued)

14·7

BEST COpy

A-OJ

Slot-.. T~.,~.. "·C to ·,WC -WC 10 ·!OO"C

L.-cI T~Uf'e 11" ,nctl ',om CaM 10 Me",.. 300"C 300"C

~.-.~ VOIt-oe
TytIe C·, ,. ·'IOY ·'IOY
T,""·, W· ·,t IV ·'tlv

~~V~ .... ""-nl00 ...Me ·,tOY ·,tOY

~ VOIIIfe '.,.., '''OUt
TytIe C·,.· ~I '0 ·'IV ~ 110 ·'IV
TytIe"·. W· -0 11o • ltv -0,110 +'IY

.".. IIN~"" .... If\an '00 _ ., 25· C T"
...,.,..,~ 20M" 2DIU
J01.JOIMd_ 'OOM" ' ,...
•. JlI1. m ~tI 336, JI5O, 15' 310, 31', 313 ...." ....--- lOOM" -- '10M" '1OiII"

boa'" 1"9U1~ -0 I 10~ Sm" -o11O~""

AbeoIute Maximum "-tIngI
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, ,,"*'-.,;. ....... rypee 04 ,..,.. ()I'I I de¥tce,..... !fIeCU"~ I ..~ lb0'<r9 l"e'1t'9lt 0 1 • ...- tOO' ,,.. ••tOoA·.....e,** IN~ cNta~ '0 ~"'tfte wf\at ,,.. ."OUt CUI''''' ,eq... ' ts •• tOO' .-en "'ov," wftI4!Oed ....... "- • 'N ·2 I",. "'&I 1--.. '5V • 21M" "'-. InG ,_ • '0.-- ....... '2 ()I' 15VCMOS QOerIIted. 12 Of ,5V <:aI' De to ..... ,... de¥tcee _ ,tl"e VO\.'-""9 of.,.. ewes __ ICe~ "Of IClOM' to...~ ....~ T"oe _ lIftCe .,.. JOO __ 01 CI-..'CeI .... ,"OUt lOw ,.-cs .. ".5V •......., 01 0 '" ...~ WIIfl TTL oer1a T,..~ .. ,,.. ewes outOV1 .,n De ~II'" II I VO\. I..ger If\eI' .. r,ooc- 'or ewes ()I' TTLIyWIeffta

14·8
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Bipolar Interface Logic
Input Current Requirement.

'. @ Vee = 12'1 '-. @ Vee = 15V
O~ Md Md '-' @ Vee -; 12 • 11V."""'Nf V.. = 1.IV (IWA) V.. = 1.IV (MA) V_ " Vee (.-A)

30' 2 t ze 10302 2 , 28 10J03 2 , ze 10.
~ 2 , 28 '0JOe , 3 , 8 10)07 I 3 . '8 10311 2 ,.~ 2 2 &-S 2 '0-20312 2 1·~ 2 2 &-S 2 '0-20313 2 1·42 2 &-S 2 '0-2032, 2 I 28 10322 2 1 28 '0323 2 , 28 '0324 2 I 28 '03~ 2 1 2e 1032e 2 1 ze '0332 2 ' 28 10·

333 2 ' 28 toJ34 2 1 28 10m 2 , 28 '034, 2 1 28 to
342 2 , 28 to
3~ 2 1·42 2 &-S 2 '0-20

347 2 '·42 2 &-S 2 :0-20348 2 , 28 to
3~ 2 , 2e '03S' 2 , 28 '0 ~35! 001 00' 10 ale' 2 , 28 '0362 047 047 '0 0363 1 8 18 '0le7 2 , 28 40 oJee 2 , 28 40370 2 1~ 2 2 &-52 '0-20 tt-31, 2'~ 2 2 &-5 2 10-20 m312 2 1~ 2 2 &-5 2 io-zo

313 2 , 28 10
374 2 , 28 '0 lID315 2 I 2e 10
380 2 , 2e '0
le' 2 , 28 '0312 2 , 28 10
'83 • ,~ 3 2 &-18 '0- )0
380 01 , 0 10.1 01 10 to
)12 01 , 0 '0)8:) 01 10 '0J94 01 , 0 '0)15 01 '0 to
311 04 , 0 10



Output SInk Current .. Output Voft8ge

0.-. DNoe........ VOl. (Y) ~ (IRA) -.... VOl. (Y) I.(M)

301 1.5 "2 3SO 1.5 ,.
302 ... "2 351 1.5

"303 .. "2 355 2.0 75
»t' .. "2 381 .4 10
308 15 18 382 ... 10
307 .. 10 3e3 ... 30
311 1.5 12 3e7 1.5 10
312 15 10 - ... 10
313 15 10 370 .. 10
321 15 10 371 ... 10
322 1.5 10 372 ... 10
323 .. 10 373 1.5 10

32" ... 10 37.. 1.5 10
325 1.5 10 375 1.5 8
32e ... 10 380 ... 20

332 ... 10 381 ... 10
333 .4 10 382 2.5 7
330& .... 10 383 7 20

335 ... 10 3tO .7 2SO
341 1.5 10 391 .7 2SO
342 1.5 10 m .7 2SO
343 1.5 10 393 7 2SO

* .7 2SO
347 1.5 10 - .7 2SO

34t 1.5 10 381 15 12

Bipolar Interface logic

BEST COpy

.,."" ...
'.60 ..OS

o
r= Y.3-/J



EXAMPLE: 303Al Operates Oter In Industrial Temp.,.ture R.,. It 15 V and is. c.rOIP Plc:hve

TSC XXX X X

o 0
Ordering Information

BEST COpy

~9 DUll Ret"9oerlb1e PulH SlreICner
)!>O Mull,plelerS 8-B'1
)5' Mull,plelers DuI14·B,I
)55 Timer ,
36' Dual 11·16V :0 SV 1"lerlaCe VOIII94! Translator
362 SV to I 1·16V Intedace Dual TransiltOr

363 SV to 1'· 16V Inter'ace Quad 2·lnpul NAND
367 Schm,l' T"gger QuaClIAcl've PulluPI
368 Scnm,tt T"gger QuadlQpen Couector:
370 Fl,p Flop Quad 0
371 Ccvnter s Oecaoe
372 Counters Hexa09c,mal
373 Up-Down Counlers Decade
374 up-Down Counters Helade<:lmal
375 Sh," R99'51er 4·B,1
380· BCD·lo·Decade DeCOder Dr",.rs Lamp Dtlver
381 BCD-la-Decade DeCOder Dr,.".rs Log'c Drover
382 BCD·to-Oecade DecOder Dr1ve r\ Gas T"t>e Driver
383 Oecooer Driver BCD·to- 7 SeQmenl
390 Dul' Intedac" Bullers 4·lnpul EIpandable AND
)91 DUll Interface Bullers 2·lnpul AND
)92 Dual Interface Bullers 2·lnpul NAND
)9J DUll Inlerface Buller, 2·lnpul QR
394 Dual tntedace Bu""r, 2·lnpul NOR
)95 Dual Interflce Bu"e's 4-lnput E ICandlble NANU
)96 Line D"v'" Rece,ver DUI' D,II",ent'll

2 - 5

.,.,-..,

PACKAGED DEVICES

2. DEVICE NUMBER

21S4

Product L.t - Digital L09k
301 Power NAND Giles D~I 5·lnput
302 P~ NAND Gites Qua<! 2·lnput
303 po er NAND Glt.. Quad 2-lnpul
300' Po er NAND Gites Ttlple •. 3.•·Inpul
JOe NOR Gate Quad 2. 2. 3. 3-lnQUt
)07 NOR Gate Quad 2. 2. 3. 3-lnpUt
31 I Fl,p FIOC)I Muter'Slave FlST
312 Flip FIOC)S D~l J.t( Edge TrI~ed
313 FlIp FloOS ~I J.t( MuteftSlave
321 NAND Gates Quad 2·'nQUt
322 NAND Gates Dual Solnpul
323 NAND Gat.. Quad 2-lnput
324 NAND a.t.. Quad 2-lnput
325 NAND a.t.. 2. 2. 3. 3-lnput
J2e NAND a.tes 2. 2. 3. 3-lnput
331 a..e Eapandef Dual SolnpUt
332 I,,~r Gat....Inver,er 2-NANO
)33 1 I"~,,r Giln 4-1"vefter 2·NANO
J~ 1 In~'er Gal.. SIrobed NAND
)~ 1 In~er Ga, .. SHooed NAND
~, Mult,luncl'Of" Gl1n DUI12·W'de 2·lnpul

Ind/or Inverl
342 D~l Monoslabl.Mu'lIvlbrl'or
).4J D'9,tl' Com pel11or 4-e,t
)4Ie Mult"unctlOn 011" D~I Elpandlble AND·NOR
)47 DUll Flefr'~rlC)leMono.table Mult'v'brilor

1. TElEDYNE SEMICO_N_D_UC_TO_R_D..;,E_V_I_C_E J_._JI
3. ELECTRICAL GRADE'AND TEMPERATURE RANGE

A - Inctlttri.t Temperature R 15 V. (-30 to +7O"CI
B - MiliUry Temperature R 12 V. (-56 to +l25"CI
C - IndustNIT~reR 12 V. (-30 to +86°CI
M - MiliUryT~,.R 15 V. (-56 to +l25°CI

4. PACKAGE TYPE .....

G - ~ c., (TO-81
H - FletpD
J - pt8l'tic: Pd.
l - Cenmic Pd. (CerDIPI
Y - Otc:e

Digital Logic - 300 S4tri..
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C EA.a divisron of Berkleorucs, Inc.

1 Aerovista Park, San Luis Obispo, Calif. 93401

Toll-Free: Phone 800·235·4150 In Calif. 800-592-5910

CEA3 SERIES -IMPROVED SWITCHING REGULATOR
STANDARD FEATURES INCLUDE
• OUTPUTS 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 800C BASE TEMPERATURE without derating. {,_

Floating outputs, + or - output may be ±500VDC from case. \:~~
Remote sensing standard, all models, eliminates load lead effects. ( . >''' ",

Adjustment of output voltage, 50% to 100% is standard. Ranges tabulated
below.

Remote adjustment optional at no charge.
Series starting with rated load, for multiple supply to a common

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.

o BURN-IN (stabilization), 16 hrs. min. at -rated load and high base temperature.
• 100% TESTING after burn-in, test data with shipment.

Specifications guaranteed, not just typical.
o 3 YEAR WARRANTY for parts and labor against defects in

workmanship and materials.

SPECIFICATIONS -IMPROVED
REGULATION - STABILITY - RIPPLE - BASE MODEL PRICE

LinL~:~us ,:'!~:~! ~alne Regulation Load Regulation Temperature ....-.i··~ ....-
,; BASE MODEl;~~;Class of' ~~f for 10%' ' 10% Load Coefficient Stability for Ripple:'}.:; .;. PRICE ';'{:tf~:~;1.Regulation Regulated r,::'-!; 'r~" line Change to Full Load Per Degree C 40 Hours p.p ".1

Y', A 0.5% 0.25% 0.25% 0.5% 0.5% 1.0% Tabulated below

B ±0.1% ±0.05% :::0.05% ±0.02% :::0.1% 0.2% A plus $30.00

• 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.

Insulation Resistance: 100 Megohm DC standard for
input, output and case.

Temperature, Base: -20°C to +80°C operating, -40°C
to +85°C storaqe.

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.

(~
.',J't

PART NUMBERS Example: .1 % Reg, 5V, 60A, with options "F" and "W"; "CEA3850X603FW"

•

, CEA3 .:_
YOUR SELECTION: ~ JTT
Specify regulation - Insert A or 8

Specify output voltage - Insert any digit, 40 to 256 Specify desired options'- Insert option symbols

Specify voltage decimal-Insert X, Y or Z . Specify output currents - Insert bracketed digits

OUTPUT VOLTAGE , ".'~i<'l~;' :-i" OUTPUT RATED CURRENT ",,',,:,,,,;,,
2 Digits

i;W:':':~~~!~~~ i~f~(~;~;~itF
",/,.

f ::~,~~-i';~Yii,\J'
Under lOV Deci-
3 Digits mal :l'l ~

"'! (',"'; """:~"[~

lOV and Over Code .1A (101) .25A (251) , .5A (501) lA (102) 2.5A (252) SA (502) lOA (103) 20A (203) 40A ( 01) , 60A (603)',

t Specify max.
_voltage listed

. Jor adjustable
standards

j.Select any j bil.. j bil.. j bil.. j bil.. j ~.~ j bil.. j bil .. j bil.. bil.. j bil",voltage betweer .. "u a> "u .. C1.I.., C1.I C1.I u C1.I C1.I C1.I u C1.I ~.~ C1.I C1.Iu C1.I "u C1.I ~.~limits for "F" N '7'~ N '7';: N c;:.;: .~ ~'C:
0::._ N N C;:'i= N C;:',: N

option -. en ... etc.: en ... eto.. en ... eto.. CI'l ... eto.. en et 0.. en e:XQ: en ... eto.. en ... eto.. en ... et 0.. en ... <0:
l-i---

, 4.0 to 8.0 X GA 5 237 HA 6 286 JA 7 314 MA 7 385 NA 9 446 PA 9 501
'1-i-- - ~-1- _.-.- I-I- --- - - -

'}*8.0 to 9.9 X GA 5 237 HA 6 286 JA 7 330 KA 8 352 NA 9 446 RA 8 622
'10.0 to 16.0 y

l-i- -
16.0 to 32.0 y GA 5 237 NA 5 275 JA 7 330 KA 8 352 NA 8 446 RA 7 622

32.0 to 64.0 y
..

GA 5 237 HA 5 275 HA 6 330 KA 8 352 NA 8 440 RA 7 622
I---I-- - ----I-

'·*64.0 to 99.9 y
GA 4' 237 HA 5 275 JA 6 314 KA 7 330 NA 8 446 RA 7 622

I 100 to 128 Z
I-f- ----I- -

128 to 256 Z HA 5 275 JA 6 314 KA 7 352 NA 7 446 RA 7 622

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) & (6·1.0 to 128VDCI, they are shown spllt to indicate decimal code for

application of "F" options.

...........
f r
~'
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-~~ C EA.• di.."on 01 Berkteorucs, Inc.
~ 1 Aerovisla Park. San Luis Obispo, Calif. 93401

Toll-Free: Phone 800-235-4150 In Calil. 800-592-5910

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.

SJmbol':~" 
Option

Option
Description Prices

Delivery
(Weeks
Added) ..-

Nocharge
$15

None
1

Not available with "R" options.
Available in both classes of regulation.
Available In class B only

I.. ADJUSTABLE OUTPUTS
1/ GI':- Output adlust range ±10% No charge None Increases resolution of adJustment output.

--HI
H2 
H3

EXTENDED TEMPERATURE RANGE

Temperature range - 55°C to + 80°C
Temperature range -40°C to +80oC
Temperature range - 55°C to + U5°C

$100 or 50%
$20 or 20%

$200 or 100%

4
4
6

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.

H
-NI

SPECIAL CONNECTIONS

Octal plug in lieu of standard terminations
Screw terminals #6·32

$15
$15

3
3

SpeCifyoption -"R" or "F" with "N". Sizes GA or larger,S ampsor less.
Used for connections of 20A or less. HA size or larger.

Current limiting
Overtemperature cutout
Crowbar voltage limit

REMOTE PROGRAMMING

Remoteadiust (no Dot provided)

Remoteadjust plus internal pot
Remoteadjust with pot provided

HIGH FLOAT VOLTAGE

Output float up to ±1000V

No Charge
$20

$30 or 15%

No charge

$10 or 10%

Limits current to protect system circuit.
Limits base temperature to maximum rated. Self restarting.
Protects power supply -and system circuit under all circumstances.
Operates at 10% or 1 volt, whichever is greater over maximum
settable voltage. Remove Input power to restart.

Remote programming options allow power supply to be externally
adjusted.

Either output terminal will withstand ±1000 volts to case or input.

Weight increased about 50% (except W2).

!}

RUGGEDIZED

Potted for ruggedlzatlon
In polyurethane resin.

Light weight rigid foam

GA, HA,JA
KA, LA
MA, NA
PA
QA
RA

fIg
$20
$25
$30
$35

"W" + $20.00

Fixed output or remote programming option is required with
option "W".

CASE SIZES AND WEIGHTS (UNPOTTED)

i
I

CASE SiZE GA HA JA KA LA MA NA .. '.. ~ . PA.. QA RA

*~WIDE:·;d.; 2¥4 3~. 3U. 31K. 41K. 41~. 5~. 6){. rna 8~.

~ !JEEP::;~,";:. 2% 2% 3~. 3% 31~. 4 4K, 4'K. 5U, 61){.

~jl~HIGH .-~_. : 31K. 4114 47/8 5114 SU, 6 6'K. 6'K. rna 7~.

§WTObS) 1 1¥Z 17/8 2¥Z 31f:J 4114 ~ 7114 10 18

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.

Discount Schedule
Quantity Discount

1-4 net
5-9 Jess 5%

10-24 less 10%
25-99 less 15%
100- factoryTOTAL PRICE $285.5C

PRICE _ I

The total price is the base model price from the regula
tion table, plus the price of optional features selected.
PRICE EXAMPLE: "CEA3BI60YI02LRW"

"B" $201 "B" REGULATION BASE
"160Yl02" 237 ( MODEL PRICE $257.00

"L" OPTION 23.50
"R" OPTION NOCHARGE
"W" OPTION 5.00



, AEROVI~Tr\ PARK. SAN lUIS OBISPO. Cr\. t30401 TOLL.FREE: PHONE 800·236·4150 ' IN CA. 800·592-5V10
CEA

a DI'/iliOl\ of BerkltOnu;I. Inc;.

. THERMAL DATA· . .'

•

,
TlIUMAL cULlIZE.NUMIIlRs DATA FA Il ·:tIA Jl U LA U ,. QA u IA Tl

!~l
2.9 3.9 4.8 a.s 8.0 9.5 11 13 17 24 32 39 47

1 2.9 3.9 4.8 6.5 B.O 9.5 8 9 12 11 14 17 20- - - - - - e 7 8 6 9 7 9

~8) 3.8 5.2 6.4 8.6 11 13 15 17 23 31 43 52

I
63 I

2 3.8 5.2 6.4 8.6 11 13 10 12 15 13 18 22 28
(~? -' - - - - - 8 10 10 8 11 10 12
(a) 5.7 7.8 9.6 13 16 19 22 28 34 47 65 78 G4

3 }~) 5.7 7.B 9.6 13 16 18 14 17 22 20 27 31 37
c) - - - - - - 12 14 15 12 17 14 17

(a) 7.6 10 13 17 21 25 30 35 45 63 86 100 130
4 (b) 7.6 10 13 16 20 23 20 22 28 26 34 38 46

(c) - - - - - - 16 18 19 16 22 18 24
(a) 11 16 19 26 32 38 4S 52 68 94 130 180 190

5 (b) 11 15 18 24 29 34 29 32 40 37 46 53 58
(0) - - - - - - 23 28 28 24 31 28 32
(a) 15 21 26 :)5 43 51 eo 70 91 130 170 210 250

IS (b) 14 20 24 32 38 42 36 41 49 46 55 62 67
(c) - - - - - - 30 34 36 31 39 35 40

~~~
23 31 39 52 64 76 90 100

I
140 190 260 310

I
360

7 22 28 35 43 49 55 49 52 63 56 69 75 -
(c) - - - - - - 42 45 49 42 52 47 53

!~l
30 42 51 69 85 100 120 140 180 250 340 420

I
500

8 27 37 42 S2 59 64 58 83 71 67 78 - -
(c - - - .- - - 50 58 58 50 61 57 82

(a~ 43 8~ 77 100 130 150 180 210 270 3S0 520 620 750
I 3B 49 55 64 73 76 11 77 - - - - -~~) - - - - ~ - 64 69 71 64 75 69 76

CHASSIS 10x10 10x10 10x10 10x10 10x10 10x10 12x12 12x12 12x12 15x15 15x15 15x15 15x15
~" x (In. x In,)
RADIATORS - - - - - - cJl~R1 ('~ cJl~R' (2i (2~ (4i {4~
(Oty,) PIN CEA R' CEA R2 CEA Ft2 CEr\ RZ ceA R2

Heat f10Wl from ,eglone of I'Ilgh temperature to '.glone of low ttmplIrature by:

•

1. CONDUCTION- heat 110w within .. material without material motion reQuired.
2. CONVECTION - hOal flow by physical motion 0' a material; '.g., liquids and 088•.

, 3. RADIr\TION - heat flow by tadl..nt energy. mat.rlall for tile flow path not r.quirOd.
The heat eondUCtlVlty at varlouo lubOtanCB8 sr.: Sliver 1.0. Copper .9. Gold .7, Alumll\um .S, Iron .16, 8tel' .1, Silioa .002•. Mica .0018
(.5 conductivity correepondB to about 1°C per Inch or a heat flow Of 5.3 wallS p.r aqulre Ineh).
The conductivity 01 lome aluminum alloYi ar. three times blUer than othera, 1100F and 000315 Ire two of tha eener alloyt.
Convection by nalllr.1 muna can vary about 2 to 1 for flat IIUrf8Cl. UP vero... a '1111 .UrfIC' dOWn.
Forced convection (fan·drl"en air) 10 a common Cloollng proeedure and hal tho OUecte Ilhown In tht Ol,lI'YO billow.
R."llliQn depends to 8 largo olltent on the roughn•• of tho evrl,ce. The rough.t t". Dener (e.g.• the aml..lvlty of aluminum unollldized 18
.02 Y8 .3 olCidiUCl).
From the above It i8 clear tnat nUt flow" complex llInd C1ult!) vlrleble. THE DATA GIVEN BELOW IS PRESENTEe NOT AS ABSOLUTE BUT
RATHER AS A GUIDE.
TI-tER......L OATA - Worat eil.. Condition! tlltJh Inout ~llaOG. full to.d. no fOrced air.
la) Power OI"lpolO(l Infernally (walll) (b) T.mp, RlOe ch..... mounted (Oe, (cl T.mp. R"., tll'l ...11 & tnermal r.OI.,0r moumod ((>Cl

Example: Thermal No.5, 0899 SA mal dissipate 160 watts, have 8 base temperature
of 53°C above ambient for a 15" x 15 x ~," aluminum cnasala mounting, reduce the
S3°C to 28°C by adding four CEATR2 THERMAL RADIATORS (mounted thru chassis
to base), and then hove the 28°C decreased to 11°C by 400L.FM air velocity to all
surlaces.
The base limitation to the life of your CEA Power Supply is the upper temperature
01 the Internal components. As with most temperature-affected items, the cooler the
unit the greater the life expectancy. Keeping me base temperature of your power
8Upply under +SOoC during normal operation will cause the Intern81 components to
be eafe and give a good life.
Temperature stability may re~ulre from 10 to 40 minutes after a change, e.g., turn-on.
This Clan be an aid during Intermittent duty, and Should be remembered when per
forming II steady·state systems analysis.

'l> ....ro-,-------.."

y .. '

l ......-.+'~~
I ,I :~t---"~r--1-

I ' ..
;M~.... ~
110

1 ---r::t::t;:;~E
.~

. THERMAL RADIATORS' , ......

(SUbl.ct to Chanle Wltllout Hotln)

T1tenrI.I bIIl.tlt" "

Atdlltar AnI. 'o......n.
~·JC:) Prtoe

Modll HII. (.... !:t.) .Af '8 E-.II

CEATRt 75 1.000 I 1.83 0.76 $16.00
CEATA2 ,~O 2.000 3.93 1.~0 22.00

Models CEATR1 and C~ATR2 Thermal Radiators, assigned for use with
CEA Power Supplies, may be mounted directly Into the module base or
on the opposite side of the mounting body. The mounting hole eonflgu·
ration in the Thermol Radiators and the bue of each ModUle are sym
metrical so that the radiators may be mounted for airflow in either direc
tion across the base of the ModUle. A coating of silicon grease should

•

be applied on each mating surface of the Module. mounting body and
Thermal Radiator. The mountlna body must be a smooth. highly thermal
eenoucnve metallic surface. (Minimum $25.00 ereer.)

19
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CEA a division of Berkleonics, Inc.
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I
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CHECKED
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TITLE SCHEMA'-'C. - CE:A 3 SE'~\E5, PoWER SOPPLIES
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FTI was tasked to develop replacement power supplies for the Load Shedding
Sequencing 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 ofbusiness.

• 1. ·BACKGROUND

VMA 02/00iG- 0 OtIC
Page 5 of 44 .

~::rf,lov

99110390
Page lof4

•

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
manufacturedby 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 characteristics.

The new power supplies with their associated heat sinks are mounted to this 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 cabinet.

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 terminalsto 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 installation 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.rinstallation of the replacement power supply,
and Wiring 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 individually 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. REMOVALOFEXISTINGPOWERSUPPLY

99110390
Page 2 of4

•

•

Technicians need to remove the old power supply froni the LSSP equipment. To do this,
first open-the LSSP panel door and tum 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 removingthescrews
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
IS-volt power supply and 7/16-inch wrench for the 24-volt power supply. Set nuts 'aside
for reinstalling the new power supply. Remove and dispose of the old power supply in
accordance with local procedures. ' ," .

4. INSTALL REPLACEMENT POWER'SUPPLY

Once the old power supply.isremoved.ithe.new power supply may be nistalled~ First
remove the bottom nut, lock washer and flat washer from each power supply mounting
stud.

DO NOT REMO.VE THE NUTS CLOSEST TO THE MOUNTING PLATE THAT
FASTEN THE BOLTS TO THE POWER SUPPLY ASSEMBLY~

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 satisfy 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 oruse the"
mounting hardware from the' previously removed supply to secure the power supply to
the Power Panel Plate. Discard excess material or save for spare parts.

5. WIRING OF POWER SUPPLY

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 panel plate.
Follow the identifying wire markers to determine correct connection points.

CAUTION-'POWER SUPPLY WILL BE DAMAGED BY APPLICATION OF
REVERSE POLARITY OF TIlE INPUT SUPPLY VOLTAGE (+125 We).'
ENSURE CORRECT CONNECTION OF POWER SUPPLY LEADS PRIOR TO
ENERGIZING EQUIPMENT•
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DESCRIPTION BY

WIRE BUNDLE

T..-: . .: FASTENDED HERE. . WITH CABLE .
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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-. Verify 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
inpmpower. .

Reapply power to the LSSP. Using the potentiometer, adjust the power supply for the
nominal voltage (+15 Vdc or +24 Vdc) + O.1/-0.0Vdc at the terminal lug connection
points in 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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I. SCOPE

This Technical Data~anual contains specificati~ns and typicalperformance characteristics
to aid indesigningthe powersupply intoan application. Dueto component and manufacturing
tolerances. Lambdacannotguarantee thatall powersupplies willproduce identical performances to
thecharacteristics enclosed. Lambda doesguarantee confonnanceto thepublished specifications
included below.For other information, refer to the·instruction manual.: .• n. SPECIFICATIONS

, .. f.,

IVMA·021e9ff)' 0~
IPage 11 of 44
. ( ~

····;dldJ17/0~

PH300F.~110··.: ::,:::: " ..: ..~ .. MODEL

ITEMS ..~.
No.tunaI .000lpUtVoltage:: . . 'v.
Maximum Output Current A

r:tOniinal Ouq;iitPowCr. .. w.

PH300F~ PH300F·
110·2 110-3

2' 3

60 60

120 ',:,180

68 13

PH300F· PH300F- PH300F· PH300F- PH300F-
1,10.S 110·12 110-1S 110-24 110-28

60 15 20 12.6 '10.8

83 86 117 89 00

Input Current(Typ.)

Output Voltage Range

~imUin RiPPle & Noise

Maximum LiM R0!'!811hliion

-I A

'h' ..,.' \:.'

~ ..
-8 mV.,

1.60 2.24

:t20..

.100 100

20mV 20mV

3.29 3.17 3.13 3.09 3.05

+2K 1O~

'100 .: ISO:.

20mV 48mV 60mV 96mV 112mV

MiWmumLoad Regulation. -3 - .

Overcurrent Protection -4 A

40mV 40mV 4OmV" :·~96mV.. 120mV;': 192mY:'224mV

10S~·I~

.(S.:...
"./

Remote Sensing .., •

Remote ONIOFFConllOl .., •

16S~- 24M, 115.. ·145% ..• :

Possible

Possible(Short: .ON.Open: OFF)

.' .;:; ....

';. '.: :' I

•
Parallel Operation

Series Operation

LO.G. Signal

Operating Ti:mpCralure

OperatingHumidity

Storage Hwnidit)-

*7 •

·7 -

*7

Possible

Possible

Possible(Open COIlCClOfOUtput)

·200C • +8SoC(Baseplate); Ambient.!~cure min. ...·200C

3K·95lf1RH

10'&-9S'I,RH

Ternperacure Coefficient (..)

Isolation Resistanc:a

Vibration: ...:.

Shock

Weight··::;::.. ' "

Size (W.H.D.)

,>::.,~duction cooled'

Input. chasSis: 2.5kVac;InPut.'OulpUt: 3~OkVac;Output· ChassiS: SoOVdC' :

More than 100MO @ 2SOC and 70'1, RH OulpUt-Chassis : SOOVde

. 10 • 55Hz ampliuiCie (~ mii1lite sweep) less dian50 x. y;~'1 hOur c:Kh

LesS than 20G

.. :..:.' ··250·g/0:.5S11bS:

146x 12.7 x86mm 15.75· x005· x 3.39-

-I. At tlOYdc and m&lllmvm ClUlpUl QIIYIlI\t,

~ ... 'ISVd". e.....tanl. !cod.
-" No load 10 FuU10000..COnIWIt inputvoltaiC.
-4. ecM.1aIl&~ limilln, with au_lie: _cry.

-5.lIIv_ sbutdown 1IlCIIlod.lIlanual racL .

-6. Hoallinlthu 10~c'- eccardinllO lhc lnauucUClIIManoal.
-7. Refer10the:InANaion Manual.
- •• EJLIemal c:apac:i&cw is JWlIIUed
-9. AIIIOVdc:input. Relcr10\hclnltNCLionManual.

Pa$!:c2 lambda Electronics Inc_ &. ITDPH300F·110 I.

• .'.':.~ ....;., '. ... . '., ~.
~ . . .

'" .

. "',.
,;

.'. ,".'.' ..:' :':: : :~'::. '.



Outline Drawingfor the ~H300F.1l0
• Dimensions are in inches(millimeters) IVMA 02/00Hr.tkJ~
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•
IlL TEST DATA

Steady State Data

Regulation. Line and Load, Temperature Orin

SV ,

\

VMA 02/00tEt""Co~
Page - 13 of 44
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'I. Regulation· Line and Load, Conditions Ta: 25°C

~n 88Vdc 110Vdc 185Vdc Line Regulation

0% 5.000 V 5.000 V 5.000 V o mV 0%

50% 5.002 V 5.002 V 5.002 V o mV 0%

100% 5.006 V 5.006 V 5.006 V o mV 0%

Load 6mV 6mV 6mV

Regulation 0.12% 0.12% 0.12%

2. Temperature Drift Conditions Vin: 110 Vde
lout: 100%

~in 88Vdc 110Vdc 185Vde Line Regulation

0% 12.000 V 12.000 V 12.000 V OmV, o %,

50% 12.000 V 12.001 V 12.001 V 1 mV 0.01 %

1000/0 ,12.000 V 12.000 V 12.000 V o mV 0%

Load
-OmV 1 mV 1 mV

Regulation 0% 0.01 % 0.01 %

•
1. Regularlon . Line and Load

2. Temperature Drift

Conditions Ta: 25°C

Coriditions Vin: -110 Vde _
lout: 100%

85 °C I Temp. Stabil~y I
12:003 V I 31mV10.26% I

• ',,' .' ','.:.. ~;
. -,':' .

........ ',. ,"

:. . .': .: :. -, ~ .. .-.'.,~ ,"-: .

lamhdll El8t:tlonics Inc. A



Regulation - Line and Load, Temperature Drift

• . 1.Regulation - Line and Load _/ Conditions Ta: 25°C

VMA 02/ee+tt oal.r
Page 14 of 44

b~/ov

~ 66Vc.1C 110Vdc 165Vdc Une Regulation

0% 24.010 V 24.010V 24.010 V o mV, 0%

50% 24.010 V 24.010 V 24.010 V o mV 0%

100% 24.010 V 24.010 V 24.010V o mV 0%

Load
OmV OmV OmV .. -

.-}

Regulation 0°/.. 0°/.. 00/..

•

2. TemperatureDrift Conditions Vin: 110Vdc
lout: 100%

Temp. Stabil~y

90mV I 0.37%

•

'TDPH300F-I10 I lambda Electronics Inc. & PageS

. .' ~ .: ' ..'.' .".' ...~.



Output Voltageand Ripple Voltage vs. Input Voltage

., Conditions

• [}U 6

5
~
4) 4eo
5
'0

3>
:;
So= 20

0
o 80 140

InputVoltage (Vdc)
200

I
,V MA U,L./W1V

. Page 15 of 44 ,
lout : 100% i I 4
Ta:.,20°C-"';-- r·"vfv1.,

25°,c,-.,- ,'~--' IJ.;;~
85°C- . ~'I1d tJ«r .

o 80 140
InputVoJ[a2e(Vdc)

200

o 80 140
InputVoltage (Vdc)

200
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10080604020

Conditions Vin : 88Vdc 0

110VdcD
185Vdc6

Ta: 25°C

o

100 ....! ··: .. ·~i"' .. !····i· .. ·~····j· .. ·j· ..·(..i
....: : : : : ; : : : :

~80 .. Err.; .~ ~ : : ; i ;.. · j
i .. ..i .... ~ .. ) ~ );.. ~~ ; .; ; ..; ~

~ 60 ...+..+..+~ r···~·~····~···;;··~·~··~·i
..........................

lin : : : : :. . . . .

6•
OutputCurrent(%)

::::!::: :1::::1:::::::::;::::r:::::::::::::;:~::::j

20 .40 60 80 100

OutputCurrent{'II)

• ~ . . . . . .' ,,'. " ".6 . 100 .... : .... ; .... ; .... : .... : .... : .... : .... : .... ; .... ; ....
: : . : : : : .: : :

." . " . . . " " " .<' _. ....~ ~.ii! ; : ; : ; ; .
'z: 4 !tso .~ ..; :....:....:....:....: : : : : ..

i2100::f··~::.:
o

o 20 . 40 60 . 80 . 100

. OutputCurrent(%)
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Efficiencyvs, InputVoltage

i': ·J:::l-::F.LE:.... ·L:L:E.:!::J

~ : ·:·E:E:E·J.:EJ·:t::FF:FJ
o 80 100 120 140 160' 180'

Input Voltage (Vdc)

Conditions lout: 100%

Ta: 25°C(~:.~

IVMA02/aa+&-O()(l(
Page 17 of 44
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J80 ···i ..·1.. ·: .. ·-!-···;·· ..;.. ··i ..··:····;··+<
~ 00 :::E:E:r::L:E.L:E:rJ:..F]

'00 ~O ; 1~ ; 1~0 : 1~0 l~: . 180

Input Voltage (Vdc)

c.

".....180160100 . 120 140
Input vonage (Vdc)
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Conditions Vin : 110Vdc
lout: 100%,
·Ta: 25°C

+0.3 : : :";' :
~ ~ ~. :' ~'
;:: .0.2 ; : : :
'C • • •

. Q +0.1 : : : :

~ 0 ''i''~ ~-...-....- loIloIoI.Ij~ ~~
~.

•
o 2 4

','Time
(j 8hr~.

\

VMA 02/00w-OO~
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O.C.P. Characteristics

•
Conditions Vin: 88Vdc ------

i lOVdc ...;. ~ - -r',.'"1

185Vdc ---',t...
Ta: 25°C

if/cI.Jh1d:t. .

I
VMA 02/00w-o;:Kff'
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o 100 200 300
Output Current(%)

121 _ _J..· -.i· ··.-i- j----~-.-.-.L-..--L- ;

e».\...~ '

•
: '---'-'" ··1-·_..·1.... ·'I'··..··..j··_--'I"·_··1·--··..j-_··-i'-·_..I··..···-1

o 100 200 300
Output ~urrenl (%)

241----....- ...........:

300100 200
OUlPUl Current(%)

4
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o
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Conditions Vin: 110Vdc
Ta: -20°C

25°C
85°C

••

•

6 ····-·····_..·-i......··l-···+··_·_+······_~· ......··~·_·····f-·· ..-t..····..~· ......··i
5· ;! ··~_....·.. ~·........i···..···~···· .... ~·····.. ··~....__·~··..·..··i

I::::~~:::~.·~l~::-.f. :.t~.-.-r~~:~I:~~~~I.~=-.t·:I:::::t::~~i
o ·············i·······i..·....l........l:··..·j·_·..i--·-I--..-!·_·....'·_···i

o 100 200 300
OutpUt Current(%)

12 ·j..···...·j..···..-l·..······:·....···i-..··-+........!··....···l

0100 200 300
OutpUt Current(%)

. .' . . . . . .
24I----+--~~..!·····....i·····--l······;·+-.._-~_ ..··_+..··..-~···· ..···1

o ·..•..·_····'1"·_..·1·..· ·i..·..···'!'··....i·_..·i··....-l······!c-··..l··....l
o 100 200 300

OutputCurrent(%)

d~.J17Io·~
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a.v.p. Characteristics

~
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2YI DIY SOmS/DIV

~:,
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" ~ ......

SYIDlY 200mS/DIV

~,
""""IIllll I----.........

lOY IDlY ,aomSIDIV

lambda Electronics Inc. &

Conditions Yin : 110Vde
lout: 0% (:-_".
Ta: 25°C .

- OVP trip point ~r(;,10 ~

- SV VMA02/eet6-001/d' .
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-OV

• OVPtrip point

·12V

·OV

- OVP trip point

-24V

-OV

1TDPH300F·110 I
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- Vin

-SV

-OV

Conditions Yin: HOVde
lout: 0%
Ta: 25°C

Output Rise Characteristics

I I

~

I

• ~. i
• ~i

2VIDIV I lOOV/OIY I lOmS/DIV

•

• I 24V I

I

SVIDIV I lOOV IDIV I lOmS IDIV

r

IOV IDIV I lOOV IDIV I tOmS/DIV

-l2V

-OV

- Vin

-24V

-OV

- Yin

-/ TDPH300F-11O I lambda Seclronlcs Inc. & Page 13
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Conditions

~.0I&1l

VMA 02l00r0-tV~..r
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•
Output Rise Characteristics

Ip- .

.,

I
"

~?

2V IDIV I lOOV/DIV J lOmS/DIV

-SV

-ov

~ Yin

Yin: 110Ydc '
lout: 100%

Ta: 25°C r"..

• I 24V I

~

.w._

o •

I
SVIDiV I lOOV IDIV 0 I IOmS IDIV

-

,.
r

IOV IDiV I tOOY IDIV I IOmS IDIV
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-OV

- Yin
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•
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lout: 0%
Ta: 25°C

•
I sv I

24V

ITDPH300F-ll0 I.

..

l

\
'"'---

I
2V/DIV I lOOV /DIV I 200mS/DlV

•
1\,
~

L.

SV/DIV I lOOV /DIV 1 IS/DIV

I'
\
"'-.

L

I I I
lOV IDIV I lOOV IDIV I 2S/DIV

lambda Beel/onles Inc. &

-5V

-OV

- Yin

·12V

-OV

• Yin
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-OV

- Yin
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-sv

- Yin

-OV

Conditions ,Vin: 110Vdc
lout: 100%

Ta :25°C

Output Fall Characteristics

I

"
I

C
I

IL, I

I I I I I
2VIDIV I lOOV/DIV ' I hilS/DIV

I SVI

•

•

112V I

x....

I

I

SV IDIV I lOOV IDIV : 1 2rnS IDIV

I
, l,
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I I I
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VMA 02/99:1:9-oOl/S"
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-SV

-On/Off
Control

Conditions Vin: 110Vdc
lout: 0%

Ta: 25°CI

-

,.

2V IDlV I SVIDIV I IOmS/DlV

•

•
I

SVIDIV I SVIDIV I lornS1D~V

,

I

IOV IDIV I lOOV IDIV I . IOmS/DIV

-OV

·0000rr
Control

-24V

-OV

- Yin .
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Output Rise Characteristics with ON/OFF Control
:' Conditions

$d~;&~
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Output.Falt Characteristics with ON/OFF Control
Conditions

Gl/f/?/o2
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Conditions

•

•
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•
IV. ENVIRONMENTAL DATA

Vibration Test

1. Equipment Used-vibration test system F-400-BM-DCS-7800 from Ernie Corp.
905-FN Vibrator Generator .

2. Test Setup

~JhID)

, VMA 02/eettr.O~
Page 33 of 44

U.U.T.

I ~ I . FJ::~:
t JJ · 0:/
~. 'l./ Vibrator

~////// .

3. Test Conditions:
Sweep Frequency: 10 - 55Hz
S W"P tlme ; 1 minute
Acceleration : constant
Test Time : 1 Hour each

. Tested to 50 in the X~ Y. Z direction

y.

R
z X

U.U.T. Direction.

c

•
4. Acceptance Criteria - The following parameters must remain within their specified limits in

order for the tesr to be considered successful:

'a. Output Voltage "
b. Ripple Voltage (at nominal input and output)
c. Mechanical condition (no breakage)

5. Test Results

p1s1 F~ ..

Chcdc hem Output Voltage Ripple'Volroge V.V.T. Sroce

Before S.OOOV 64mV OK
Test

X S.OOOV 64mV.
After y S.OOOV 64mV OK
Test

'Z S.OOOV 64mV •... .:..

• ..

Page 24 lambda Electronics Inc. & ITDPH300F-IIO'1
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•
Drop Test (National Safety Transit Test)

1. Scope

This procedure is performedon all Lambda power suppliesweighing less than 100 lbs.

. 2. Test Method .

The power supply is packed into a shipping container and thendropped on a hare
concrete surface from a height of24 inches for units with a grossweight between 10
and 100 lbs., and 30 inches for units with a gross weight iess than 10Ibs.A total of 14
drops are made. 6 on the different faces of the unit, and 8 on each of the corners•., . .

After each drop, the container is opened and the unit is inspected for damage. If there .
is no evidence of damage. the unit is re-packed and the test is continued. 'The results are
then recorded..

6uffi/a"
VMA 02lee+e- O()(/.!
Page 34 of 44

•
3. Test Results

Pass Fail

A "B ~
c ".
D "E "F "

Pass Fail

0" "H "I "J "K "L ."
M "N "

•

'TDPH300F-11O I
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.Noise Simulation Test

1'. Equipment Used - Noise Simulator: INS-4420 (Noise Laboratory Co., LTD)
Filter :MBS-120S-22JNemic Lambda) .
Bridge Rectifier: POH7S8A (Nihon International)
Electrolytic Capacitor Cl:,200V.l~ x 6
Ceramic Capacitor C2:400V, 4700pF .
Choke Coil Ll : ImH '

2. Test Setup

_.. t~fhlo",
VMA02/~OO~
Page 35 of 44

•

Simulator

3. Test Conditions

Input Voltage: 110Vdc
Output Voltage: .5Vdc _
Output Current: OA, 30A
Baseplate Temperature: 2SoC

Pulse Width: ,SOns - lOOOns
Noise Level :0 - 2kV
Phase Shift: 0 -360°
Polarity: +•.,
MODE: NORMAL. COMMON'
TRIG SELECT': LINE

4. Acceptance Criteria

, a. No damage to U.U.T.
b.'No output failure
c. No other malf~nction,

5. Test Results

. PASS I F.AIL".,.'" ' ,

Filter :.:r'
FG

-U:U.T.

\
<;

Page 26 .Lambda llectronics Inc~ .&,. ITDPH300F-IIO I.
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2. TestSetup and Methodology
Verifythat the output is withinnormaloperating specifications when the testing voltage is
applied to the operating U.U.T. TC3tvoltage is applied 10 the input terminal, output terminal
andFG (baseplate)terminal, Testing cycle is at +, - for three. timeseach, and the applied
voltage is to begraduallyincreasedfrom 3KV to lSKV.

•
Electro-Static Discharge Test

1~ Equipment Used: ESS~630A (Noise Laboratory cs, LTD.)
Discharge resistance: 3300
Capacity: lSOpF
Noise Filter: MBS-120S-22 (Nemic-Lambda)

~J1'?p"
VMA 02/~O(}1/$'
Page 36 of 44·

Eleciro·Slatic
DischargeSimulator

Output

G

DischarseProbe

t
O.8m

+

Table

Insulation Seal

InputRectifier
Block

•
3. Test Conditions .

Ambient temperature: 2SoC
Input voltage: Rated
Output voltage : Rated
Output Current: Rated
Test voltage: ±3KV,±SKV,±lOKV, ± lSKV

4. Acceptance Criteria
a. No damage to U.U.T..
b. No output failure .
c. No other malfunction

s. Test Results

•

PASS I.FAIL
... "

ITDPH300F-IIO I lambda lltle/fonics Inc. fA. Page27
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~.J%/tJl-
VMA02/~ (}iJ«
Page 37 of 44

1. Equipment Used: LSS-720-T54 {Noise Laboratory Co.• LTD)
NoiseFilter: MBS-1205-22 (Nemic-Lambda)
BridgeRectifier: PGH758A (NihonInter.) .
Electrolytic Capacitor CI : 200V, lOOOJ,LF x 6
Ceramic Capacitor C2: 400V.4700pF
MicroGapAbsorbers: DSA-501MA-Q.6 (MMCC)
ZNRTransient I SurgeAbsorbers: ERZ-CIODK471 (Matsushita Elec.)
Choke Coil Ll : ImH'

ImpulseTest

•
2. Test Setup

.----------------~----.- ,

: (A) , : : (8)'
I I I
I I I
I I'l.l ,

' ...

, Test voltage form
~100
c.> 90 --.;- I

i __1 _
I

Input voltage: Rated ]:
Output voltage :Rated~ , '! I

Outputcurrent: Rated 0

j l.2J.1,S I J'Ambient temperature: 25°C ~

Test voltage: fromOKV to jKV in O.jKV im..rrements "~ sav.s~ QiS)

Test point : AC applied between FG-AC (L. N). and FG-DC (+V, -V)
Test cycles: 3 timesper test voltage', '
Polarity: +,-

3. Test Conditions

••
4. Acceptance Criteria

a. No damage to U.U.T.
b. No outputfailure
c. No other malfunction

•

5~ Test Results

p~SIFAIL

Page 28

.. ~..'.

/>:~..~':/;..<.;:.:;. I ,

TestNumber Test Voltagc TestResult

I 2.0KV' OK

2 ~.OKV OK
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•
High Temperature Storage Test

1. Equipment Used: Platinous LuciferPL-2Qfrom TabalEspec Corp.

2. TestConditions

.#ofU.U.T.'s: 3units
Ambient Temperature: 85°C .
Test Time: 96Hours,non-operating

3. Test Setupand Methodology

. J'tftlffi/o~
VMA02/00*)-tiO!lf
Page ·38 of 44

It is verifiedthat theoutputis within normal Operating specifications when the testingvoltage
is appliedto the U.U.T.The unit is thenput into a testingchamber, and the temperature is

.gradually increased from25°C to 85°C. Afret a periodof 96 hoursat 85°C, the unit is taken
out and left for 1 hourat room temperature. The output is thenchecked again.

4. Acceptance Criteria
a. No damageto U.U.T.

. b. No outputfailure
c. No othermalfunction

•

S. Test Results

p~ss IFAIL
Check No.1 No.2 No.3
Item Bl:fuiC After Defore . After Before M..

OUlput S.OO5V S.OO5V 5.002V S.OOIV . S.OO3V S.ooSVVoltage

Ripple 6SmV 6SmV 62mV 6lmV 60mV 61mVVoltage .

Line OmV Omv ImV lmV ImV tmVRegulation

. Load
SmV SmV . 6mV 6mV 5mV· SmVRegulation

Isolation OK ,OK OK OK OK OK
Resistance

Withstand OK. OK OK OK OK OK.Voltage'

Appearance OK OK OK OK OK OK

•

!mPH300F-II0I Lambda 8eclronics Inc. fA. Page 29
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•
Low Temperature Storage Test

1. Equipment Used: Platinous Lucifer PL-2G from Tabai Espec Corp.

2. Test Conditions

# of U.U.T.'s : 3 units
Ambient Temperature: -40°C
Test Time: 96 Hours. non-operating

3. Test Setup and Methodology

" (',:.

I
v lVlf\V..uwiv.... /

Page 39 of 44 ' ' 'A. / .:
" ~Jf?/d"J,

V~Ao;r/~ .

,It is verified thilt the output is within normal-operating specifications when the testing voltage "'
is applied to the U.U.T..The unit is then pur into a testing chamber, and the temperanire is
gradually decreased from 25°C to-40°C. Af~er a period of 96 hours at -40°C. the unit is taken
out and left for 1 hour at room temperat9re. Theoutput 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

•

,PASS, FAIL

" Check, No.1 No.2 No.3
Item Before Arter Before After Before " Afrcr '

Output S.OOSV S.OO5V S.OOOV S.OOlV S.OO3V 5.003VVOltage

Ripple 62mV 62mV 60mV 60mV 6OmV' 60mV
Voltage

Une' ,OmV OmV OmV Omv ImV ImV
Regulation ,

Load 8mV 8mV' SmV 'SmV 6mV 6mVRegulation

Isolation OK OK OK OK OK OK
Resistance

Withsaand OK OK OK OK OK OKVoltage

Appearance ,OK OK OK OK OK OK

0 ...... '2n' . '9mhtf!l t'lIl'irnn;l'~ In;' r..., 'I TDPH300F-ll0 I
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•
Resistance to Soldering Heat.Test

1. Equipment Used: Automatic dip soldering machine from Osaka Asahi Kagaku

2. Test Conditions

# ofU.U.T.'s : .lunit
Dip Soldering Temperature: 260°C
Dip Time: 10 seconds
Pre-heating Temperature ,; 120°C
Pre-heating Time: 60 seconds

3. Test Setup and Methodology

6t~ffilv.

VMA 02lOQW-ootIJ
Page se of 44

.It is verified that the output is withinnonnal operating specifications when the testing voltage
is applied to theU.U.T. The unit is then put on a universal circuit board, and transfered to
Ilax-dripping, pre-heating and soldering in me dip machine. It is then left at room temperature
for one hour..The output is then checked again. . .

4. Acceptance Criteria'
a. No damage to U.U.T.
b. No output failure
c. No other malfunction

• '" .., \, ~

?·t.~·::.:.·· :.:.<.

S. Test Results

PASSIFAlL
-.J "

ITDPH300F-II0 I

.'.':
.' .. ' ",

Check No.1
Item ' Before Afrcr

Output 5.00SV S:004VVoltage

Ripple 60mV 60mVVohage

Line 2mV 2mVRegulation

Load 8mV 8mVRegulation

Isolation OK OK
Resistance

Withstand OK . OKVoltage

Appearance OK OK

lambda Electronics Inc. & Page 31
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•
Thermal Shock Test

L Equipment Used: Thermal shock chamber TSV.40 from Tab~ Espec Corp.

2. Test Conditions

#ofU.U.T.'s: 5 units
Standard: subjected to ns C5030
Ambient Temperature: 40°C to 85°C
Test Tune: See drawing at right

Test Cycle: SO. 100 cycles. non-o~~:~ .... .- t-. 11. CY..C_IC_._..._.....1

~.30min.

-400C ---- ~_.....
. 30 min.

3. Test Setup and Methodology

btJhI(}~
VMA OO.lG9+e-Ot:Xt{'
Page 41 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 is tested according to C
the above cycle. After 50 and 100 cycles, the unit is left for I 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

PASS ·FAIL

"

Page: 32 Lambda Electronics Inc. 11 .J TDPH3OOF-l10 I
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Thecalculation is basedon MIL-HDBK-217F Pans Count Reliability. Oneenvironmentis given
.as applicable for a power supply. The definition of thisenvironment is: '•
V.RELIABILITY DATA

MTBF· Calculated Values of MTBF

1. Partcountreliabilityprojection

bJJ/7lo~

\

VMA02I00Hr (}O/f.5
Page 42 of 44 .

Ground. Fixed - Conditions less than ideal suchas installation in petmanent racks with
adequatecoolingair andpossibleinstallation in unheatedbuildings; includespermanent
installation of air trafficcontrol.radar and communications facilities.

The ElectronicIndustryAssociation of Japan (EIAJ) has a technicalcommitteefor power
supplies which publishesreliability data givinga com~ined 1tQ and "-a for use in reliability prediction.

. . MIL-HDBx-217F

MTBF= 1
).,equip

Where:

1 6= n lL 10 (Hours)
t Ni ("-0"> i (x Q)i
j=1

•

6
A.equip : TotalEquipment Failure Rate(Failure /10 Hour)

"-0: GenericFailureRatefor the'ithGeneric Part (Failure/10
6

Hour)

XQ : QualityFactor

Ni : Quantityof the 'ithGenericPart

n : Numberof differentGenericPart categories

2~Resu1ts: MTBF @ Ground,Fixed= 297.359Hours

JTDPH300F-IlO I
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NOTES
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VMA 02/00i&-O(J·~
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. ,

& LAMBDA QUALITY

;?

DEFINlTION
:'

.Quality at Lambda means error-free output
which meets the needs and exceeds the expectations

of our internal and external customers.

......;.

IMPLEMENTA1'ION

•
It is each individual's responsibility to understand

his or her customer's needs and expectations
and deliver products and' services which achieve

Lambda Quality.

_____________ l/ll111&
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FTI
. Doci1!Jlect:] 009023{}

Pa~elof4

F~i.i:ion.: 
]VUtID

1. Data Re'viewScop.e _

Under Enrergy Contract 10292342-00FTl was tasked with reviewinglegacy
Grand Gulf Load Shedding Sequencing (LSS)system data to try anddetermine
the basis. for the 1%accuracy specified in the vendor manual for the LSS
UndervoltageBistable card. SpeeificallyFFl was asked to:

1) Review their archived. data files to identify the basis for the l~/o

uncertaintyvalue forthe LSS Bistable card. Thiswill include
identifying the drift interval included in the 1~/o value and what
allowance is made for temperatureeffect and power supply effect.

2) Ifno basis for the 1% accuracy value can be located, Fl1 will review the
Vitro qualificationreports and provide temperatureeffect andpower
supply effect specifications for the Bistable cards ifit is contained in the
qualificationreports. No analysis is required ifthe data is not contained
in thesereports.

2. Background

Grand. Gulfreceived a finding in the last IN~O assessment concerning the setpoint
validation calculation forthe.90'b (degraded voltage) setpoint, In the existing
calculation" a total uncertainty is determinedutilizing a 1% accuracy value, }\,I&TE error,
andbistabledrift. The drift is statistically calculatedbasedon actualcalibration data
history. The calculateddrift value is consideredconservativesince it includes accuracy,
Ivl&TE, temperature effects, and power supply effects.

The System InstructionManual For Load Shedding and SequencingPanel. datedMarch
1978,paragraph 4.3.2 states "The trip point of any bistable card may be adjusted from
65~to to 95% of 120 'lac by means of a nnuti-mm potentiometeron each card and \vID
maintain a long term accuracy of± 1~;'O of initial setting". FTI interprets this to be the
accuracy censideringall factors includingbasic design toteraaces.environmemaltactors
(temperature.humidity), and. component drift (not related to temperature and humidity),
just based on how it is stated

Instead ofutilizing the± 10.10 accuracy value stated in the systemmanual, Grand Gulfhas
utilized± 0.2 V specified in a plant calibrationprocedure.
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FTI

3. Findings

DocumetlllOJ90230
Pag>! lof4
R..~i;joo: .,

IVB/W

FTI reviewed the archived dataspecifically designated as being forme Grand GulfLSS
System. There is extensive data on. system spare parts"modifications,and initial
problems with the system when originally installed, but this doesn't help answer the
setpointvalidation question.

Therewas some factory acceptance test data for individualBistable cards delivered as
spareparts. The Bistable card is whatVitro referred to as a "StandardCard" that was
designedto he used in.multiple systems. (as denotedby the'0423 drawing nnmberpreflx).
The AC Bistable Card test procedure (TP0423-2757, Rev A) paragraph 1.3.3 establishes
a power supply baseline of 15V'dc ± 15 mV (±OJ~'~). Paragraph 1.3.8 adjusts the trip
point to 108± 0.1 Vac, then paragraph 1J .11 tests the actual trip to be 108± 1.2Vac
(±l.l~to). Actual test result data show'S the: trip point to benmch closer thanthis
tolerance. The ambient temperature trip point result was l07.98Vac orO.02~/o. There is
no indication onwhether the tolerance value considers power supply effects Of long term
drift.

The system test procedure (TP 2699-1005, 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 tests each ofthe Bistable cards at
three input voltage values (84Vac, 96 Vac, and 108Vac) and verifies the trip setting and
reset v:alUe5.FOf the 96Vac test, the trip voltage is set to 96 ± O.05Vac and the reset is
verified to OCCll.1" at 96.7 ± 0.5 Vac.

Vie also identified some pertinent qualification test data. Most of'the qualificationdata
was related to seismic qualificationas opposed to environmentalqualification, This
systemwas originally qualified as part of a real time agingprogram called the Sequencer
Pacer and consequently the LSSwas not qualified as a complete system configuredjust
like the Grand GulfLSS. Whatthat means is that there isn'tany qualificationdata that
pertains to string accnracies.dsift, or combinedtolerances at the system level. However,
since tins was a realtime aging program it could be assumed that the qualification
tolerancesconsider all effectsincluding power supply effects and long term drift.

What does exist in the QualificationReport Load Shedding and Sequencing Panel, dated
October 31, 1978, are environmentaltest results. AppendixA or this report is test
procedureTP 2699-1005-1,Rev B.This test data is takenatambient conditionsand
section 5.11 adjusts the trip point to be within ± 0.5 Vac, AppendixB contains multiple
copiesofTP 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 (±1.1%)but the actual
measurements were much closer at 107.94 Vac at O°C (O.06~~)and 10737 Vac at 60°C
(O.6~/o).
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FTI engineersalso reviewed the engineeringnotebooksfor the engineer responsible for
the system, and we expanded the data search beyond the Grand Gulf specific data and
reviewedothereagineeriag notebooks in the same time frame (33 years ago) to see ifa
differentengineermayhave performed calculationsrelated to the Bistable card. Page 6
ofEngineeringNotebook#503 (Robert L. \VolkowitzO shows calculatedbistable circuit
variationsover temperaturefrom 230 C to 60° Cat input voltagesfroll180Vac to 140
Vac. The maximumvariation in the trip point across this range is 0.941~"o.

4. Conclusions

The data identified that relates to the Bistable setpoint accuracy is summarizedin the
table below. Vie were not able to identify specific analyticalcalculationsrelated to the
Bistable accuracy, or the basis forthe statement in the System InstructionManual. It was
determined that the power supply accuracyis specified to be 0.1 %t for testing purposes,
the temperatnreeffect data is: contained in the system qualificationreport (worst case
tested O.6~'b), and no dataspecifically related to long term drift was identified. The data is
summarized below.

Reference Temp EtIect PowerSupply Drift
ACCl1f3iCV Effect

Tolerance LP% NA 0.10/0 NA
Measured O.O2~·'O 0.6% NA NA

NA- Not Available

The test data whilenot. specificallytestingindividual parameters,does provide evidence
that all factors are included in the 1%, stated accuracy includingtemperature effect, power
supply effect, and drift.
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-----Original Message-----,
From: joseph.fitzgerald@ftiengineering.com
[mailto:joseph.fitzgerald@ftiengineering.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 O.Svdc
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
>




