General Description

The VHC/VHCT374 is an advanced high speed CMOS octal
flip-flop with TRI-STATE output fabricated with silicon gate
CMOS technology. It achieves the high speed operation
similar to equivalent Bipolar Schottky TTL while maintaining
the CMOS low power dissipation. This 8-bit D-type flip-flop
is controlled by a clock input (CP) and an output enable
input (OE). When the OE input is high, the eight outputs are
in a high impedance state.

An input protection circuit ensures that OV-7V can be ap-
plied to the input pins without regard to the supply voltage.
This device can be used to interface 5V to 3V systems and
two supply systems such as battery back up. This circuit
prevents device destruction due to mismatched supply and
input voltages.

NOTE:
MILITARY SPECIFICATIONS ARE PRELIMINARY
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54VHC/74VHC374 ¢ 54VHCT/74VHCT374
Octal D Flip-Flop with TRI-STATE® Outputs

Features
B High speed:
VHC fyax = 185 MHz (Typ) @ Voo = 5V
VHCT fyax = 140 MHz (Typ) @ Vo = 5V
m High noise immunity:
VHC VN = VNIL = 28% V¢ (Min)
VHCT Viy = 2.0V, V| = 0.8V
| Operating voltage:
VHC Vg (opr) = 2V ~ 5.5V
VHCT Ve (opr) = 4.5V — 55V
m Power down protection:
VHC inputs only
VHCT inputs and outputs
m Low noise
VHC Vorp = 0.6V (typ)
VHCT Vo p = 0.8V (typ)
B Low power dissipation:
Icc = 4 pA (Max) @ T4 = 25°C
® Balanced propagation delays: tp) y = tpp
B Pin and function compatible with 74HC/HCT374

TRI-STATE® is a of Nationa! L C

Logic Symbol Connection Diagrams
Pin Assignment for Pin Assignment
IEEE/IEC DIP, Flatpak, SSOP, for LCC
TSSOP and SOIC 030, 0 G D
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TL/F/11538-1
TL/F/11538-2
Pin Names Description
Dg-D7 Data Inputs
CP Clock Pulse Input
OE TRI-STATE Output Enable Input
Op-07 TRI-STATE Outputs
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Functional Description

Truth Table

The 'VHC/'VHCT374 consists of eight edge-triggered flip- Inputs Outputs
flops with individual D-type inputs and TRI-STATE true out-
puts. The buffered clock and buffered Output Enable are Dn cp OE On
common to all flip-flops. The eight flip-flops will store the H Ve L H
state of their individual D inputs that meet the setup and L e L L
hold time requirements on the LOW-to-HIGH Clock (CP) X X H z
transition. With the Output Enable (OE) LOW, the contents
of the eight flip-flops are available at the outputs. When the H = HIGH Voltage Level
OE is HIGH, the outputs go to the high impedance state. L = LOW voltage Level
Operation of the OE input does not affect the state of the X = Immatarial
in-flops Z = High Impedance o
flip PS. _/~ = LOW-to-HIGH Transition
Logic Diagram
Do Dy 0z D3 04 05 Ds by
S e S I S P S S 3
L] () cP D cP D cCP D cP D CP D CP D
Q_Q Q 0 Q Q Q Q Q Q Q _Q Q 0 Q Q0
[ _® T T D | T 1 T T
0 0, 05 04 05 05 o

TL/F/11538-3

Ploase note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vo) —0.5Vto +7.0v
DC Input Voltage (V|n) —0.5Vto +7.0v
DC Output Voltage (VoyT)

Note 1: Absolute Maximum Ratings are values beyond
which the device may be damaged or have its useful life
impaired. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable
over its power supply, temperature, and output/input load-
ing variables. National does not recommend operation out-
side databook specifications.

Lead Temperature (T)
(Soldering, 10 seconds)

300°C
*VouT > Vec only if output is in H or Z state.

54 VHC/VHCT
74 VHC/VHCT

Input Rise and Fall Time (t,, ty)

Operating Temperature (Topgr)

VHC —0.5Vto Vg + 0.5V
- —_ -
‘ VP:C[;TM St (00 05Vito :07-": Recommended Operating
nput Diode Current (1 —20m, as
Output Diode Current (VHC) +20 mA Conditions
(VHCT) —20mA Supply Voltage (Vcc)
VHC 2.0Vto +5.5V
DC Output Current (loyT) t25 mA VHCT 4.5Vio +55V
DC Vge/GND Current (Igc) ¢ 75 n:A Input Voltage (Vi) OVto +5.5V
Storage Temperature (TsTg) —65°Cto +150°C Output Voltage (VouT) OV to Vg

—55°Cto +125°C
—40°Cto +85°C

B L501l26 0070185 234 N

Vo = 3.3V £0.3V (VHC only) 0 ~ 100 ns/V
Vee = 5.0V £0.5V 0 ~ 20 ns/V
DC Characteristics for 'VHC Family Devices
74VHC 54VHC 74VHC
Vee Ta = —55°C Ta = —40°C
Symbol | Parameter = 25° Units Condition:
Y )] Ta=25C to +125°C to +85°C s
Min Typ Max Min Max Min Max
Vin High Level 2.0 1.50 1.50 1.50 v
Input 3.0-5.5|0.7 Vco 0.7 Voo 0.7 Voo
Voltage
ViL Low Level 2.0 0.50 0.50 0.50 v
Input 3.0-55 0.3 V¢ 0.3 Vee 0.3 Ve
Voltage
VoH High Level 2.0 1.9 20 1.9 1.9 VIN = ViH | lon = —50 uA
Output 3.0 29 30 29 29 \ orv
Voltage 45 44 45 4.4 4.4
3.0 2.58 2.40 248 v loH = —4 mA
45 3.94 3.70 3.80 IoH = —8 mA
Vor Low Level 2.0 0.0 0.1 0.1 0.1 ViN = Vin{ loL = 50 pA
Output 3.0 0.0 01 0.1 0.1 v orVL
Voltage 45 00 041 0.1 0.1
3.0 0.36 0.50 0.44 v lop = 4mA
45 0.36 0.50 0.44 loL = 8 mA
loz TRI-STATE | 55 +0.25 +10.0 +25 | pA [ViN=Vigorv
Output Off- Vout = Vec or GND
State
Current
IIN Input 0-55 +0.1 +1.0 +1.0 RA | VN = 5.5V or GND
Leakage
Current
e Quiescent 55 4.0 160.0 400 | mA |Vin = VccorGND
Supply
Current
3
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DC Characteristics for 'VHC Family Devices
74VHC 54VHC 74VHC
Vee Ta = —55°C | T = —40°C
| P ete = Units dition
Symbo arameter m | TA=2C | 45 i125c | torssc Conditions
Typ Limits Limits Limits
(33 } 3 =
VoLp | Quiet Qutput Maximum 5.0 06 09 v C_L = 50pF
Dynamic Vo
VoLv | Quiet Qutput Minimum 5.0 06 _0.s8 v C_ = 50 pF
Dynamic VoL
**Vinp | Minimum High Level CL = 50 pF
Dynamic input Voltage 50 35 v
**ViLo Maximum Low Level 5.0 1.5 v CL = 50pF
Dynamic Input Voltage
**Parameter guaranteed by design.
DC Characteristics for 'VHCT Family Devices
74VHCT 54VHCT 74VHCT
Vee Ta = —55°C | Tao = —40°C "
Symbol Parameter = 25° Units Conditions
4 v Ta=25C to +125°C | to +85°C
Min Typ Max Min Max [ Min Max
ViH :“9" Level 45 | 20 20 v
nput 55 | 20 20
Voltage
Vi Low Level 45 0.8 0.8
Input 5.5 0.8 0.8 v
Voitage
VoH High Level VIN = VIH|loHq = —50 pA
Output 45 3.15 3.65 3.15 A"
Voltage 25 2.4 v Vi [ 1oy = —8mA
VoL Low Level VIN = VIH | loL = 50 pA
Output 45 0.0 0.1 01 v
Voltage 0.36 044 | v OrViL |1 = 8mA
loz TRI-STATE Output Off- + + ViN = Vg or V)L
State Current 55 +0.25 251 pA Vout = Vge or GND
N Input Leakage Current | 0-5.5 +0.1 +1.0 | pA |ViN=55VorGND
Icc Quiescent Supply Vin = Vg or GND
Current 55 4.0 400 [ pA
lccT Maximum Vin = 3.4V
lcc/Input 55 1.35 1.50 | mA | Otherinputs =
Ve or GND
loppD Output Leakage Current Vout = 5.5V
X : +5.
(Power Down State) 0.0 +05 501 rA

M L501L26 0070186 170

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



DC Characteristics for 'VHCT Family Devices

74VHCT 54VHCT 74VHCT
Symbol Parameter ‘(’3;: Ta = 25°C Tt‘; j_ 1_225;(: T?,:;.;;gc Units | Conditions
Typ Limits Limits Limits
**VoLp | Quiet Qutput Maximum 50 08 1.2 v CL = 50 pF
Dynamic Vo
**VoLy | Quiet Qutput Minimum 50 —08 —12 v C_ = 50pF
Dynamic Vo
**ViHD Minimurn High Level 50 20 v C_ = 50 pF
Dynamic Input Voltage
**ViLp Maximtfm Low Level 5.0 08 v CL = 50 pF
Dynamic Input Voltage
**Parameter guaranteed by design.
AC Electrical Characteristics for 'VHC Family Devices
74VHC 54VHC 74VHC
Symbol Parameter ‘(,3;: Ta = 25°C 1;‘; j_ 1—2555;0 T?°=+;;Oéc Units Conditions
Min Typ Max | Min Max Min Max
tpLH Propagation Delay | 3.3 +0.3 81 127 10 150 C_ = 15pF
tPHL Time (CP to On) 106 16.2 0 85| G, = 50 pF
50 £0.5 54 81 1.0 9.5 CL = 15pF
69 101 1.0 115 ne Cp = 50pF
tpzL TRI-STATE Output | 3.3 0.3 74 110 1.0 130 RL=1kQ | C_=15pF
tpzH Enable Time 96 145 10 85| { CL = 50pF
5.0 £0.5 51 76 1.0 9.0 CL = 15pF
66 96 10 110 e C_ = 50pF
tpLz TRI-STATE OQutput | 3.3 £0.3 10.2 140 10 160 RL=1kQ | C_ = 50pF
tpHz Disable Time 5.0 0.5 61 88 1.0 100 | ns CL = 50pF
tostH Output to Output 3.3 £0.3 15 1.5 (Note 1) C, = 50pF
togHL | Skew 5.0 +0.5 1.0 P CL = 50 pF
fmax Maximum Clock 3.3+03] 80 130 70 C_ = 15pF
Frequency 55 85 50 CL = 50pF
MHz
5.0 £0.5} 130 185 110 C_ = 15pF
85 120 75 C_ = 50 pF
CiIN Input Capacitance 4 10 10 pF | Voo = Open
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AC Electrical Characteristics for 'VHC Family Devices (continued)
74VHC 54VHC 74VHC
Vee Ta= —55°C | Tp= —40°C
Symbol Parameter = Uni Condition:
4 v | Ta=C to +125°C | to +85°C ts | Conditions
Min Typ Max | Min Max Min Max
Cout Output Capacitance 6 pF | Vg = 5.0V
Cpp Power Dissipation 32 pF {Note 2)
Capacitance
Note 1: Parameter guaranteed by design. tosLH = ItpLH max — tpLH minl: tosHL = [tPHL max — tPHL minl
Note 2: Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load. Average
operating current can be obtained by the equation: lcg (opr.) = Cpp * Veo * fin + Icc/8 (per F/F). The total Cpp when n pes. of the Octal D Flip-Flop operates can
be calculated by the equation: Cpp (total}) = 20 + 12n.
AC Operating Requirements for 'VHC Family Devices
74VHC 54VHC 74VHC
Vee Ta= —55C | Ta= —40°C
Symbol Parameter = 25° Units Conditions
4 r ) Ta=25°C to +125°C to +85°C on
Min Typ Max | Min Max Min Max
tw(H) Minimum Pulse Width 33+03¢( 5.0 5.5
twiy (CP) 5005 | 50 5.0 ns
ts Minimum Set-Up Time 33 £03 | 45 45
50 05| 3.0 3.0
ns
th Minimum Hold 3303 | 2.0 20
Time 5.0 £05 | 2.0 20
AC Electrical Characteristics for 'VHCT Family Devices
74VHCT 54VHCT 74VHCT
Vee Ta = —55°C Ta = —40°C
Symbol Parameter = Units Conditions
4 ) TA=28C | \ot+125¢ | to+85°C
Min Typ Max| Min Max Min Max
:pLH ?opagahon Delay 50 + 05 56 94 1.0 10.5 ns CL = 15pF
PHL ime 64 104 1.0 115 C, = 50pF
tpzL TRI-STATE 50 * 0.5 65 102 1.0 115 RL=1kQ | C = 15pF
tpzy | Output Enable 73 11.2 10 125 | s C, = 50 pF
Time
tpLz TRI-STATE 50 + 0.5 RL = 1kQ | C_ = 50 pF
tpHz Output Disable 7.0 11.2 1.0 12.0 ns
Time
tostH Output to 50+ 05 10 1.0 (Note 1)
tosHL Output Skew . :
fmax Maximum Clock 50+ 05| 90 140 80 MHz CL = 15pF
Frequency 85 130 75 CL = 50 pF
CiN Input Vce = Open
10
Capacitance 4 10 pF
6
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AC Electrical Characteristics for 'VHCT Family Devices (continued)

74VHCT 54VHCT 74VHCT
Vee Ta = —55°C Ta = —40°C
mbol Parameter = 25° Units Conditions
Sy )] Ta=25C to +125°C to +85°C
Min Typ Max Min Max Min Max
Cout Output Voo = 5.0V
. 9 pF
Capacitance
Cpp Power (Note 2)
Dissipation 27 pF
Capacitance

Note 1: Parameter guaranteed by design. tosLH = [tpLH max — tPLH minl: tOSHL = PHL max — tPHL minl

Note 2: Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load. Average
operating current can be obtained by the equation: Icc (0pr.) = Cpp * Veg * fiN + lcc/8 (per F/F).

AC Operating Requirements for 'VHCT Family Devices

74VHC S4VHC 74VHC
Vee Ta = —55°C Ta = —40°C
Symbol Parameter = 25° Units | Conditions
4 ) Ta=25C to +125°C to +85°C
Min Typ Max | Min Max Min Max
o - .
twiH) Minimum Pulse Width (CP) 5.0+ 0.5 6.5 6.5 ns
tw)
L y +
ts _hrﬂi::znum Set-up 50+ 05 25 25
— ns
th Nflnlmum Hold 5005 25 25
Time

Ordering Information

defined as follows:

Temperature Range Family
74 VHC = Commercial
54 VHC = Military

Device Type

74VHC/VHCT 374 M

74 VHCT = Commercial TTL-Compatible VHC
54 VHCT = Military TTL-Compatible VHC

The device number is used to form part of a simplified purchasing code, where the package type and temperature range are

X

T— Special Variations
X" = Tape and Reel

“" = Rail/Tube
Package Code
M = Small Outline JEDEC
SoIC

SJ = Small Outline EIAJ
SOIC

MSC = Shrink Small Outiine
EIAJ SSOP Type 1
MTC = Thin Shrink Small
Outline EIAJ-TSSOP
Type 1
J/883 = Ceramic DIP
W/883 = Ceramic Flatpak
E/883 = Leadless Ceramic Chip
Carrier
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Physical Dimensions inches (milimeters)

0.200 1 0.005
(51380 +ov1z7)
450 x 0.015:0.010
Dl (0.381 £0.254)
0.350+0.008 0.015
~* (8.8%010203) | 0.063 -0.075 _/ 0.007-0.011_
(8.890 £0.203) | | 20830075 {0.381)
| ! 11,500~ 1.905) RreeiA {0.178-0.279)
N RTYP
0.022-0.028
— = {0.559—0.711)
0.077- ousaj Pm” = r TP
(1,959 —2.362) ¢ wpEx R
= T 'L
« 0.045-0.055 J |
S~ (1.143-1.397) /|
2 DETAIL A P 0.067 —0.083 _>| 0.045—0.055
(1.702 -2.108) “ A43-1397)
Top View Side View ve v
450 0.04010.010
{1.016£0.254)
3PLCS
Bottom View
0.003 0.015
.07 {0.381)
MIN TYP MAX TYP
o2} Y
(0. 559)—> <i 0.006
MAX TYP (0.152)
MIN TYP

Detail A
E£204 REV D)

20-Lead Ceramic Leadless Chip Carrier, Type C (L)
Order Number 54VHC374E/883 or 54VHCT374E/883
NS Package Number E20A
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Physical Dimensions inches (milimeters) (Continued)
0.985
0.025 - {019 >
{0.635) MAX
RAD P [1o] [18] [37] [16] [1s] [1a] [13] [r2] ]
0.220-0.310 o
(5.588—7.674)
/ DI Ted Gol o] [sT Ted Lof o] Lo Iof
0050020
{0.127-0.508)
RAD TYP l‘7 0.03740.008
{0.940£0.127)
0.005 0.055:+0.005
(E.;:g)_ 0.290—0.320 I~ 0z (tarz0.12n T 0.020—0.060
4572 ru_see_a‘m;" ELASS SEALANT 1 MIN OB0T—1520)
3 Y
|,; T === 0.200
¥ Il Y o0 |
4
5o +5° 86° 04 0.150
0.008-0.012 {3.819) 0.125-0.200
{0.203—0.305) MIN  (3.175-5.080)
0.310-0.410 0.060 0.018::0.003
l*(uu‘wm_" {1.524) {0.457£0.075) -—
A
BoTH EVS 01000010
{2.540£0.258)
J20A (REV M)
20-Lead Ceramic Dual-in-Line Package (D)
Order Number 54VHC374J/883 or 54VHCT374J/883
NS Package Number J20A
0.456-0.512 )
{12.59 - 13.005) >
2 19 18 17 16 15 14 13 12 11
Y
AAAAAAAAR
0.354 -0.418
{10.008 — 10.643} >
LEADNO 1 __f— o
1DENT m U U U
T ,g,gg,g@%l
8.010 ypx
©.254)
0.291-0.299
‘ {7.391—7.6%)
0100, 0083010
[:_:;2-3,2;:, 4571 r zw2-2682)
’ . ) i Rm=oe
ilmi ‘L n — R —=p=ti= < SEATING
PLANE
0.009-0.013 %/ o.m:fn.nsu T —DI" —H ‘ 0.050 _J o.mffn.nznm.
gm:‘:ﬁ:’; ALL LEAD TIPS ) m (0.356) W {0.356 - 0.508)
0.008 yyp
(0.203) 2B REV F)
20-Lead Small Outline Integrated Circuit—JEDEC SOIC (M)
Order Number 74VHC374M, 74VHC374MX, 74VHCT374M or 74VHCT374MX
NS Package Number M20B
9
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Physical Dimensions inches (millimeters) (Continued)

0.492 - 0.500
(12.50 - 12.70) g

19 18 17 6 15 14 13 12

TEHHHHHHHHE
pe-g° If% 0.265-0.319 &
% {7483-38.103) O (smi 5410}

e EEEEEEN

DETAILF

0071 REF 0.067 - 0.083
0.006 - 0.010 (1.803) {1.702-2.108)

(0.152 - 0.254)

T \
X ¥ L ? ——{ SEATING PLANE
L- 9 per —>l L(‘zm) ’TT

iz 0000- 0410
10.000— 0.254)
SEE DETAIL F 0.014 - 0.020
(0-356 - 0.508)

M200 (REV A)
20-Lead Plastic EIAJ SOIC (SJ)
Order Number 74VHC374SJ, 74VHC374SJX, 74VHCT374SJ or 74VHCT374SJX

NS Package Number M20D
6.5£0.2
20 1
DLanannnnmn
44202
O
TTTT
1 10
i 7.0 MAX o5 en2 6.4£0.3 "
-0.05
1.220.2 Hg 3 0102352 v _l ) “ l‘ u

0.325 TYP —» et .—c— —{ j=—0.45%0.20 TYP
*’l_- 0.65 TYP 0.22%0.10 TYP
A

0. 13@Ic[AB®IE®

MSC20 (REVA)

20-Lead Shrink Small Outline EIAJ SSOP Type | (MSC)
Order Number 74VHC374MSCX or 74VHCT374MSCX
NS Package Number MSC20
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Physical Dimensions inches (millimeters) (Continued)

HMMWNMH__“

7.72

«nwmmmmmwu___

20 1" 0.42 TYP —J
LAna0aanaa o
LAND PATTERN RECOMMENDATION

lf GAGE PLANE
6.4

@) ~_ T

SEATING PLANE

| UUUUUUUHUU ‘ ‘”Iéﬁi

[=T0.2]cTB]A] TYPICAL

ALL LEAD TIPS SEE DETAIL D
R

(0.90) g

e I ——

- o 65 TYP 0.10 £ 0.05 TYP 0.09-0.20 j

0.19 - 0.30 TYP
1$|0.13®|A|B©|c@l

20-Lead Plastic EIAJ TSSOP Type 1 (MTC)
Order Number 74VHC374MTC, 74VHC374MTCX, 74VHCT374MTC or 74VHCT374MTCX
NS Package Number MTC20

fe———— 6.5 1 0.1 ——————»

MTC20 (REV C)

11

MR L501ieb 0070193 300 MM
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Physical Dimensions inches (millimeters) (Continued) Lit. # 118090-002
0.090
oan r_ 0.540 MAX ——]
0.040
-t 0.050 £ 0.005 —{ |- 0.005 MIN TYP
0.030 P |20 r'_ "
TYP T
0.370
0.250
1 0.285 MAX ) 0.270
H GLASS 0.260
1 r—] 0.012
LI ' 0.008
1
1 DETAIL A
I 0.370
DETAIL A i 0.250
PIN #1 q _l_
IDENT JUUUUUL
0.006 |l _ll 10
0.004 0.019 yyp 0.045 MAX —=| =
TP 0.015 TYP W20A (REV E)
20-Lead Cerpack (F)
Order Number 54VHC374W/883 or 54VHCT374W/883
NS Package Number W20A

LIFE SUPPORT POLICY

54VHC/74VHC374 ¢ 54VHCT/74VHCT374 Octal D Flip-Flop with TRI-STATE Outputs

6501126 0070194 247 W

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.

ﬂ National Semiconductor National National National National Semiconductores National Semiconductor
Corporation GmbH Japan Ltd. Hong Kong Ltd. Do Brazil Ltda. {Australia) Pty, Ltd.
2900 Sami Drive L 10 i Chermical 13th Floor, Straight Block Av. Brig. Faria Lima, 1409 16 Business Park Dr.
P.0. Box 58090 D-82256 Furstenfeidbruck  Engineering Center Oocean Centre, 5 Canton Rd. 6 Andar Notting Hill, VIC 3168
Santa Clara, CA 95052-8090  Germany Bldg. 7F Tsimshatsui, Kowioon Cep-01451, Paulistano, Austratia
Tel: 1(800) 272-9959 Tel: (0-81-41) 103-0 1-7-1, Nakase, Mihama-Ku Hong Kong Sao Paulo, SP, Brazil Tel: {3) 558-8999
TWX: (910) 339-9240 Telex: 527649 Chiba-City, Tek: {852} 737-1600 Tel: (55-11) 212-5066 Fax: (3) 558-9998
Fax: (0-81-41) 10-35-06 Ciba Prefecture 281 Telex: 51292 NSHKL Telex: 391-1131931 NSBR B8R
Tel: {043} 289-2300 Fax: (852) 736-8960 Fax: (§5-11) 212-1181
Fax: (043) 286-2500
National 3oes not assume any responsibility for usa ot any circuitry described, no circuit patent kcenses are impiied and National reserves the right at any time without 1 {’3 9 4 2
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