

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DM54L164A/DM74L164A

Recommended Operating Conditions

DM54L164A DM74L164A
Sym Parameter Units
Min . Nom Max Min Nom Max

Vee Supply Volitage 45 5 5.5 4.75 5 5.25 \'

ViH High Level Input 2 2 \"
Voltage

Vi Low Level 0.7 0.7 "
Input Voltage

loH High Level Output -0.2 -0.2 mA
Current :

loL Low Level Output 2 3.6 mA
Current

foLk Clock Frequency 0 6 0 6 MHz

tw ,Pulse Width Clock 60 40 60" 40 ns

Clear 60 40 60 40

tsu Data Setup Time 40 - 20 40 20 ns

ty - | Data Hold Time 20 -5 20 -5 ns

Ta Free Air Operating -55 125 0 70 °C
Temperature

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

Sym Parameter Conditions Min (NI‘:S 1) Max Units
Vou High Level Output Vee = Min, loy=Max 24 ' v
 Voltage ViL=Max, Vi =Min
VoL Low Level Output Vce =Min DM54 0.15 0.3
Voltage loL=Max DM74 0.2 0.4 v
/ V||_ = Max -
i VlH =Min
Iy Input Current@ Max Vce =Max Clear 0.2 mA
Input Voltage V|=5.5V Others 01
I High Level Input Ve = Max Clear 20 A
Current V=24V Others - 10
e Low Level Input Vee = Max Clear -0.36 mA
Current V;=0.3V Others _0.18
los Short Circuit Ve = Max DM54 -3 -15 mA
QOutput Current (Note 2) DM74 -3 —15
lco Supply Current Vce = Max 6 . 9 mA
(Note 3)

Note 1: All typicals are at Voo =5V, Tp =25°C.

Note 2: Not more than one output shouid be shorted at a time.
Note 3: Icc is measured with outputs open, SERIAL inputs grounded, the CLOCK input at 2.4V, and a momentary ground, then 4.5V, applied to the CLEAR

input.
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: (=)
Switching Charapteristics at Vec =5V and Ta =25°C (See Section 1 for Test Waveforms and Output Load) E
- - - H
From RL=4 ke o
(Input) ~ i g
Parameter To C_ =50 pF Units >
(Output) Min Typ Max a
fpax Maximum 6 14 MHz E
Clock Frequency "E
tpLy Propagation Delay Clock 50 85 ns 5;
Time Low to High to &
Level Output Output >
tpwL Propagation Delay Clock 90 135 ns
Time High to Low to
Level Output Output
tpuL Propagation Delay ) Clear 75 120 ns
Time High to Low to
Level Output Output
/
Timing Diagram
CLEAR -—|u _I-
A e S e T
SERIAL
INPUTS
b |
cLock Lrurrrrururururrur
o 7] —rr——
%71 — I |
C ’ i [ S I I
OUTPUTS - .
e |
S 1
% 7] [ 1
WL i
|
CLEAR CLEAR
TLIFI6641-3
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DM54L165A/DM74L165A

National
Semiconductor

DM54L165A/DM74L165A 8-Bit Parallel

In/Serial Out Shift Registers

General Description

These are 8-bit serial shift registers which shift the data in
the direction of Qp toward QH when clocked. Parallel-in ac-
cess is made available by eight individual direct data in-
puts, which are enabled by a low level at the shift/load
input. These registers also feature gated clock inputs and
complementary outputs from the eighth bit.

Clocking is accomplished through a 2-input NOR gate,
permitting one input to be used as a clock-inhibit function.
Holding either of the clock inputs high inhibits clocking, and
holding either clock input low with the load input high en-
ables the other clock input. The clock-inhibit input should
be changed to the high level only while the clock input is
high. Parallel loading is inhibited as long as the load input is

high. Data at the parallel inputs are loaded directly into the

register on a high-to-low transition of the shift/load input,
regardless of the logic levels on the clock, clock inhibit, or
serial inputs.

Features

m Complementary outputs

m Direct overriding (data) inputs

® Gated clock inputs

®m Parallel-to-serial data conversion
m Typical clock frequency 14 MHz
u Typical power dissipation 30 mW

Absolute Maximum Ratings (Note 1)

Supply Volitage 8V
Input Voltage 5.5V
Storage Temperature Range -65°Cto150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics™ table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions" table will
define the conditions for actual device operation.

- . N [P
Connection Diagram Function Table
Dual-In-Line Package
CLOCK PARALLEL INPUTS SERIAL OUTPUT ] t
Vec INHBIT D C B A INPUT  Qy nputs Internal
J16 15 f1a 1z |12 |1 |10 shift/ | Clock Paraliel | Outputs |Owput
9 ock | Clock | Serial Qy
Load | Inhibit A . H Qa Q
L X X X a...h a b h
H L L X X Qa0 QBo | QHo
H L 4 H X H Qan | QGn
- H L } L X L Qan | QGn
H H X X X Qa0 Qo | QHo
A
H = High Level (steady state), L = Low Level (steady state)
X = Don't Care (any input, including transitions)
{ = Transition from low-to-high level
a...h = The level of steady-state input at inputs A through H, respectively.
1 2 3 4 5 6 7 1 8 Qp0. Qgg. QHo = The level of Qp, Qg or Qy, respectively, before the indicated steady-state
R input conditions were established.
SLHOIFAL/ cLock  E F G H OU%PUT GND Qan. Qgp = The level of Qp or Qg, respectively, before the most recent } transition of the
PARALLEL INPUTS H clock.
TLIFI6642-1
54L165A (J) 74L165A (N)
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Logic Diagram

PARALLEL INPUTS

=
[T
FY
-
A B c D E F G H a;
|(11) 12) (13) J(“) @) @) ES) N
>
=
~
PRESET) PRESET] PRESET] PRESET] PRESET] &
S  Qa S Qg S Q¢ S Of S Qg r
OUTPUT QY | w=b
rPCLOCK| | rob-CLOCK robCLOCK ~CPCLOCK rOhCLOCK ! [
SERIAL (10) {>¢ R Qa R QH R Q¢ R Of R Qg @ 5y
INPUT _|CLEAR CLEAR CLEAR CLEAR CLEAR OUTPUT Gy >
sHiFT/ (1)
LOAD — P> -
2
crock 2]
cLock (15) Co TLIFI6642:2
INHIBIT

Timing Diagram
TYPICAL SHIFT, LOAD, AND INHIBIT SEQUENCES

CLOCK

CLOCK INHIBIT

SERIAL INPUT L

SHIFT/LOAD

DATA & I-

DERENEE]

outPuTay — TH W L[ ]o[w]L[mw

outPuT@y __ ] Lo Rl o ml e A
|——mmerr SERIAL SHIFT— .
LoAD

TLIFI6642-3
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DM54L165A/DM74L165A

Recomménded Operating Conditions

DM54L165A DM74L165A
Sym Parameter Units
Min Nom Max Min Nom Max

Vee Supply Voltage ' 45 5 5.5 4.75 5 56.25 \

Vin | High Level Input 2 2 \
Voltage

ViL Low Level 0.7 0.7 \
Input Voltage

lon High Level Output -0.2 -0.2 mA
Current .

loL Low Level Output 2 3.6 mA
Current

foLk Clock Frequency 0 6 0 6 MHz

tw Pulse Width Clock 100 ‘ 100 ns

Clear 100 100

tsu Setup Time ‘44 44 ns

th Hold Time 10 10 ns

Ta Free Air Operating . -55 125 ) 70 °C
Temperature - '

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

) - . Typ .
Sym Parameter Conditions Min (Note 1) Max ’Unlts
Vou High Level Output Vee = Min, loy = Max 24 \"
Voltage VL= Max, VIH =Min
VoL Low Level Output Vee=Min DM54 - 0.15 0.3
Voltage loL = Max DM74 0.2 0.4 v
VlL =Max
VIH = Min .
I Input Current@Max Veo=Max, V| =5.5V 0.1 mA
Input Voltage :
(1T High Level Input Ve = Max Shift/Load 30 nA
Current V=24V Others 10
I Low Level Input Ve = Max Shift/Load -0.54 mA
Current =0.3V Others ~0.18
los Short Circuit Ve = Max DM54 -3 -15 mA
Output Current . (Note 2) DM74 _3 _15
lcc Supply Current Ve =Max 9.5 mA
(Note 3)

Note 1: All typicals are at Voo =5V, TA=25°C.
Note 2: Not more than one output should be shorted at a time.

Note 3: With all outputs open, CLOCK INHIBIT and SHIFT/LOAD at 4.5V, and a clock pulse applled to the CLOCK, Icc is measured first with the parallel in-
puts at 4.5V, then a second time grounded.
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O
Switching Characteristics at v =5v and Ta=25°C (See Section 1 for Test Waveforms and Output Load) 5
Y
From RL=4ko B
(Input) i le2)
Parameter To C_=50 pF Units a
(Output) Min Typ Max E
o
fmax Maximum 6 14 MHz =
Clock Frequency 31
tpLH Propagation Delay Load 44 88 ns r
Time Low to High to g
Level Output Any Q >
tpL Propagation Delay Load 62 124 ns
Time High to Low to . . .
Level Output Any Q h
tpLy Propagation Delay Clock 35 70 ns
Time Low to High to
Level Output Any Q
tpHL Propagation Delay Clock 50 100 ns
Time High to Low to
Level Output Any Q '
tp 4 Propagation Delay ) H 33 A 66 ns
Time Low to High to
Level Output . Qy
tpyL Propagation Delay H 56 112 ns
Time High to Low to
Level Output Qy
tpLn Propagation Delay H 33 66 ns
Time Low to High to
Level Output Qy
tpyL Propagation Delay H 56 112 ns
Time High to Low to
Level Output Qy
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DM54L192/DM74L192, DM54L193/DM74L193

National
Semiconductor

DM54L192/DM74L192, DM54L193/DM74L193
Synchronous Up/Down Counters with Dual Clock

General Description

These circuits are synchronous up/down counters; the
L192 circuits are BCD counters and the L193 are 4-bit
binary counters. Synchronous operation is provided by
having all flip-flops clocked simultaneously so that the
outputs change together when so instructed by the steer-
ing logic. This mode of operation eliminates the output
counting spikes normally associated with asynchronous
(ripple-clock) counters.

The outputs of the four master-slave flip-flops are triggered
by a low-to-high level transition of either count (clock) in-
put. The direction of counting is determined by which count
input is pulsed, while the other count input is held high.

All four counters are fully programmable; that is, each out-
put may be preset to either level by entering the desired
data at the inputs while the load input is low. The output will
change independently of the count pulses. This feature al-
lows the counters to be used as modulo-N dividers by sim-
ply modifying the count length with the preset inputs.

A clear input has been provided which, when taken to a high
level, forces all outputs to the low level; independent of the
count and load inputs. The clear, count, and load inputs are
buffered to lower the drive requirements of clock drivers,
etc., required for long words.

These counters were designed to be cascaded without the
need for external circuitry. Both borrow and carry outputs
are available to cascade both the up and down counting
functions. The borrow output produces a pulse equal in
width to the count down input when the counter underflows.

Similarly, the carry output produces a pulse equal in width
to the count down input when an overflow condition exists.
The counters can then be easily cascaded by feeding the
borrow and carry outputs to the count down and count up
inputs respectively of the succeeding counter.

"Features

Fully independent clear input
Synchronous’operation

Cascading circuitry provided mternally
Individual preset each flip-flop

Typical count frequency 12 MHz
Typical power dissipation 40 mW

Absolute Maximum Ratiﬁgs (Note 1)

Supply Voltage 8V
Input Voltage 5.5V
Storage Temperature Range -65°Cto 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recomr ded Operating Conditions" table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

INPUTS OUTPUTS INPUTS
DATA DATA DATA
Vcc A CLEAR BORROW CARRY LOAD ¢
|1s 15 |13 |1z |11 10 |s
A\ L\

1 2 3 4 5 6 7 8
DATAB Qg  Qa COUNT COUNT Qc Qp GND
INPUT DOWN W

OUTPUTS INPUTS OUTPUTS
TLIF/6643-1

»  Note: Low input to load sets Qp =

DM54L192, L193 (J)

A.Qg=B,Qc=C, andQp =D.
DM74L192, L193 (N)
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Recommended Operating Conditions

s P DM54L192, L193 DM74L192, L193 Unit
arameter nits
ym Min Nom Max Min Nom - Max
Veo Supply Voltage 4.5 5 5.5 4.75 5 5.25 Vv
Vin High Level Input 2 2 \
. Voltage
ViL Low Level 0.7 0.7 Vv
Input Voltage
loH High Level Output -0.2 -0.2 mA
Current
loL Low Level Output 2 3.6 mA
Current )
foLk Clock Frequency 0 6 0- 6 MHz
tw Pulse Width of Any Input 70 70 ns
tsu Data Setup Time 30 30 ns
th Data Hold Time 0 ns
Ta Free Air Operating -55 125 70 °C
" Temperature
’L192 and ’L193 Electrical Characteristics_
over recommended operating free air temperature (unless otherwise noted)
>Sym Parameter Conditions Min Typ Max Units
(Note 1) :
VoH High Level Output Ve = Min, lgy = Max 2.4 \
Voltage VL= Max, Viy = Min
VouL Low Level Output Vce=Min DM54 0.15 0.3
Voltage loL = Max DM74 0.2 0.4 \
VL= Max !
V'H =Min
Iy Input Current@ Max Vco =Max, V,=5.5V 0.1 mA
Input Voltage :
hH High Level Input Voo =Max, V) =2.4V 10 nA
Current
Iy Low Level Input Voo = Max, V,=0.3V —0.18 mA
Current
los Short Circuit Ve = Max DM54 -3 -15 mA
Output Current (Note 2) DM74 _3 15
lec Supply Current Vee = Max 5.5 mA
(Note 3)

Note 1: All typical values are at Voo =5V, TA =25°C.
Note 2: Not more than one output should be shorted at a time.
Note 3: I is measured with all outputs open, clear and load inputs grounded, and all other inputs at 4.5V.

783

€61 TP2INQ/E6LTYSING ‘261 TV2LINA/Z61TYSING




DM54L192/DM74L192, DM54L193/DM74L193

’L192 and ’L193 Switching Characteristics at Voo =5v and T =25°C

(See Section 1 for Test Waveforms and Output Load)

From RL=4 ko
(Input) :
Parameter To C_ =50 pF Units
(Output) Min Typ Max
fmax Maximum 6 8 MHz
Clock Frequency
tpLH Propagation Delay Count Up 30 60 ns
Time Low to High ‘to
Level Output Carry
tpyL Propagation Delay Count Up 60 120 ns
Time High to Low to
Level Output Carry
tpLH Propagation Delay Count Down 30 60 ns
Time Low to High to
Level Output Borrow
tpuL Propagation Delay Count Down 50 100 ns
Time High to Low to
Level Output Borrow
tpLH Propagation Delay Either Count 45 90 ns
Time Low to High to
Level Output Any Q
tpyL Propagation Delay Either Count 75 150 ns
Time High to Low to
Level Output Any Q
tpLn Propagation Delay Load 55 110 ns
Time Low to High to
Level Output Any Q
tpyL Propagation Delay Load 105 200 ns
Time High to Low . to
Level Output Any Q B
tpHL Propagation Delay Clear 95 190 ns
Time High to Low to
Level Output Any Q
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Logic Diagrams

pata (15)

L192

(13) BoRROW

OuTPUT

(12) caRRY

INPUT A

pown (4
COUNT ——Dc

(5)
up
COUNT Dc

para (M

OuTPUT

)
OUTPUT Qp

INPUT B

pata (19

(2)
OUTPUT Qg

INPUT C

pATA (9

INPUT D

(14
CLEAR —Dc

(11
LOAD —4}

L1

Qp

6)
OUTPUT Q¢

)
OUTPUT Qp

TLIFI6643-2
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DM54L192/DM74L.192, DM54L193/DM74L193

Logic Diagrams (continved)

L193

(13) BORROW

OUTPUT

(12) caRRyY

pata (15 '

INPUT A

DowN (4

COUNT

(5)
up D 0
COUNT

pata (1)

OUTPUT

(3)

INPUT B

pata (10

OUTPUT Qa

)
OUTPUT Qg

INPUT C

paTA (9)

_INPUT D

(14)
crean — >0~

ool SOl %ﬂ;

LoAD 1&}

Qp

6)
OUTPUT Q¢

7)
OUTPUT Qp

gl

TLIFI6643-3
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Timing Diagrams

L192 Decade Counters
Typical Clear, Load and Count Sequences

CLEAR _n

O

=

o

B

r

—

[de]

N

—

v}

S

N

LOAD L -

| 2

Al ;L___ __________ —_———— N

e - Z-ZZ-Z-ZC 2

DATA . - - - - - o

cJ \ =y

| - ____ LY

D s - - ©

— e e e 9

—

coun gigipipigl S

=

COUNT — N

DOWN r-E

-— - e —

an " T L LTI 1 e
OUTPUTS

CARRY U

BORROW 5
Jol Il | 8 9 o 1 20 f1 o ¢ 8 7
COUNT UP COUNT DOWN
CLEAR PRESET . A
TLIFI6643-4
Sequence:

(1) Clear outputs to zero.

(2) Load (preset) to BCD seven.

(3) Count up to eight, nine, carry, zero, one, and two.

(4) Count down to one, zero, borrow, nine, eight, and seven.

Note A: Clear overrides load, data, and count inputs.
* Note B: When counting up, count-down input must be high; when counting down, count-up input must be high.
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DM54L192/DM74L192, DM54L193/DM74L193

Timing Diagrams (continved)

L193 Binary Counters
Typical Clear, Load and Count Sequences

CLEAR ___|"‘|

0

LOAD
Al e e e e
B ,___-—____—__—__——_
DATA - - _—-—Z-_-C
¢l i
°_] e e o
up
LT
DOWN
LT L 111 I LI
% _ L LT Ll
OUTPUTS _ -
Oc_ | I
o~ 1 |
CARRY M|
BORROW
lol B4 1“ 15 0o 1 2 10 15 14 13
] COUNT UP COUNT DOWN
CLEAR PRESET
TLIFI6643-5
Sequence:

(1) Clear outputs to zero.

(2) Load (preset) to binary thirteen.

(3) Count up to fourteen, fifteen, carry, zero, one, and two.

(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen.

Note A: Clear overrides load, data, and count inputs.

Note B: When counting up, count-down input must be high; when counting down, count-up input must be high.
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National
Semiconductor

DM80L06 Quad 2-Input NAND

General Description

These quad two-input NAND gates feature internally con-
nected, 20 kQ puli-up resistors on the outputs. The pinout is
the same as the very popular DM54L03/DM74L03, and
these devices provide the same “one-tenth-power technol-
ogy” as well.

Gates with Resistive Pull Up .

Features
m Typical power dissipation 12 mW
m Typical propagation delay 115 ns

Absolute Maximum Ratings (Note 1)

Supply Voltage 8V
Input Voltage 5.5V
Storage Temperature Range -65°Cto 150°C

Note 1: The “Absolute Maximum Ratings" are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The *‘Recommended Operating Conditions™ table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vee B4 A4 Y4 B3 A3 Y3
14 13 l 12 | 11 10 l 9 I 8
1 | 2 I 3 a I 5 | 6 I 7
Al B1 Y1 A2 B2 Y2 GND
TLIF/6644-1
DM80LO06 (N)
Y=AB
Inputs Output

A B Y

L L H

L H H

H L H

H H L

H =High Logic Level
L=Low Logic Level
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DM80L06

Recommended Operating Conditions

DM80L06 :
Sym Parameter - Units
Min Nom Max

Vee Supply Voltage 4.75 5 5.25 \

Vin High Level Input 2 \
Voltage

Vi Low Level Input 0.7 \
Voltage .

lon High Level Output -0.2 mA
Current

loL Low Level Output 3.6 mA
Current

Ta Free Air Operating 0 70 °C
Temperature

Electrical Characteristic_s over recommended operating free air temperature (uniess otherwise noted)

. . Typ .
Sym Parameter Conditions Min (Note 1) Max Units
Vou High Level Output Vee=Min 2 25 \
Voltage lon = Max
VL= Max
VoL Low Level Output Vee =Min 0.4 Vv
Voltage loL = Max
Viy = Min
h Input Current@ Max Vce =Max, V| =5.5V 0.1 mA
Input Voltage :
liH High Level Input Voo =Max, V=24V 10 pA
Current
I Low Level Input Vce =Max, Vi =0.3V -0.12 -0.18 mA
Current
los Short Circuit Vee = Max -0.17 -0.25 -0.33 mA
Output Current
locH Supply Current With Vce = Max 0.48° 0.8 mA
Qutputs High
lccL Supply Current With Vce =Max 24 3.68 mA
Outputs Low

Switching Characteristics at V=5V and Ty =25°C (See Section 1 for Test Waveforms and Output Load)

R =4 kQ
Parameter C_=15pF Units
Min Typ Max
tpL Propagation Delay " 193 290 ns
Time Low to High '
Level Output
tpHL Propagation Delay 37 56 ns
Time High to Low
Level Output *

Note 1: All typicals are at Vg =5V, Tpo=25°C.
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National
Semiconductor

DM70L98/DM80L98 TRI-STATE® Hex Buffers

General Description Features

These devices provide six, two-input buffers in each . B Typical power dissipation 15 mW
package. One of the txo inputs to eacr;‘bu;fe;is useéi asa m Typical propagation delay 31 ns
control line to gate the output into the high-impedance i .

state, while the other input passes the data through the ® Pin equivalent to DM54368 (38)
buffer. On this device, four buffers are enabled from a
common line, and the other two buffers from a separate
common line. The outputs are placed in the TRI-STATE . .
condition by applying a high logic level to the control pins. Absolute Maximum Ratmgs (Note 1)
With the low power versions of these circuits, itis possible

to connect over 100 like devices to acommon bus line and Supply Volitage . 8Vv
still have adequate drive capability. Input Voltage 5.5V
Storage Temperature Range -65°Cto 150°C

Note 1: The “Absolute Maximum Ratings’ are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics™ table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions" table will
define the conditions for actual device operation.

Function Table Each driven Connection Diagram

Dual-In-Line Package

Vce G2 A6 Y6 A5 Y5 A4 Y4
16 |15 |14 |13 |12 In I1o |9

Inputs Output I lj f lj °
Y
Hi-Z
L
H

|z |3 |7 Ia

R [« [s e
G1 Al Y1 A2 Y2 A3 Y3 GND

eI
mrIX|>»

L=Low Logic Level

H=High Logic Level

Hi-Z = High Impedance (Off) State
TLIF/6645-1

DM70L98 (J) DM80L98 (N)
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DM70L98/DM80L98

Recommended Operating Conditions

i DM70L98 DM80L98
Sym Parameter - Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 55 4.75 5 5.25 Vv

Vi High Level Input 2 2 \
Voltage

ViL Low Level Input 0.7 0.7 Vv
Voltage

loH \High Level Output -1 -1 mA
Current

loL Low Level Output 2 3.6 mA
Current .

Ta Free Air Operating -55 125 0 70 °C
Temperature

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

) - . Typ .
Sym . - Parameter Conditions Min (Note 1) Max Units
Von High Level Output Vee =Min, gy = Max 2.4 \
. Voltage VL= Max, Vig=Min
VoL Low Level Output Voc=Min ' DM70 0.3 \
Voltage loL = Max DM80 0.4
VL= Max .
. Vi = Min
l) Input Current@ Max Voo =Max, V=55V 1 mA
Input Voltage
hH High Level Input Vceo =Max, Vy=2.4V 10 rA
Current
I Low Level Input Ve = Max A (Note 3) -10 mA
Current V=03V A (Note 4) -0.18
G -0.18
) lozH Off-State Output VCC =Max, Vg=2.4 10 uA
Current with High Viy=Min, V= Max
Level Output
Voltage Applied
lozL Off-State Output Voo =Max, Vo=0.3 -10 A
Current with Low Vi4 = Min, V= Max
Level Output
Voltage Applied
los Short Circuit Voo = Max . DM70 -3 -15 mA
Output Current (Note 2) DM80 -3 _15
lcc Supply Current - Voec =Max 3 4.5 mA

Note 1: All typicals are at Voo =5V, Tp=25°C.

Note 2: Not more than one output should be shorted at a time.
Note 3: Both G inputs at 2V.
Note 4:. Both G inputs at 0.4V.
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N

Switching Characteristics at Voo =5V and T =25°C (See Section 1 for Test Waveforms and Output Load),

RL=4 kQ
Parameter C_=5pF C_=50 pF Units
Min " Typ Max Min Typ Max
tpLy Propagation Delay 26 48 ns
Time Low to High '
Level Output
tpyL Propagation Delay 35 53° ns
Time High to Low
Level Output
tpzn Output Enable Time 42 90 ns
to High Level Output
tpzL Output Enable Time 42 75 ns
to Low Level Output
tpuz Output Disable Time 25 43 ns
from High Level Output
tpLz Output Disable Time 34 63 ns
from Low Level Output
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DM71L22/DM81L22, DM71L23/DM81L23

National
Semiconductor

DM71L22/DM81L22, DM71L23/DM81L23 Quad 2-Input

Data Selectors/Multiplexers

General Description

These devices contain four, two-input multiplexers with
common input select logic and common output disable
circuitry. The DM71L22/81L22 provides conventional
totem-pole output TTL construction, whereas DM71L23/
81L23 provides TRI-STATE® outputs. When the
enable/strobeinputis atalow logic level, the outputs of all
devices are conventional TTL. However, when the enable/
strobe input is raised to a high logic level, the outputs of
the DM71L22/81L22 go to the low logic state, and the out-
puts of the DM71L23/81L23 go to the high-impedance
third state. These devices provide the designer with TRI-
STATE and/or low power pin/pin replacements for the
popular 9322 and 54/74157 multiplexers.

Features

m Pin equivalents popular 9322 and 54/74157 multiplexers
® Both conventional TTL and TRI-STATE outputs available
= Typical propagation delay 40 ns
® Typical power dissipation

L22 15 mW

L23 20 mW

Absolute Maximum Ratings (Note 1)

Supply Voltage ’ : 8V
Input Voltage 5.5V
Storage Temperature Range —-65°Cto 150°C

Note 1: The “Absolute Maximum Ratings"” are those values beyond
which the safety of the device can not be guaranteed. The device should

not be operated at these limits. The parametric values defined in the |

“Electrical Characteristics” table are not guaranteed at the absolute
maximurm ratings. The “Recommended Operating Conditions" table will

‘define the conditions for actual device operation.

Function Tables

Connection Diagram

Dual-In-Line Package

L22 INPUTS INPUTS
STROBE ——*—— OUTPUT ——*——— OUTPUT
Inputs | oytput Vce G A4 B4 Y4 A3 B3 Y3
Strobe | Select Y
A|B J 16 l 15 14 13 12 11 10 9
L L L|X L
L L H | X H
L H X |{L L
L H X | H H
H X X | X L
L23
Inputs
"|Enable | Select Output
A Y
L L L [X L
L L ojHix) H 1 2 3 4 5 6 7 ] )
L H XL L
L H X | H H S At -B1 Y1 A2 B2 Y2 GND
H X X | X Hi-2 SELECT ‘“~———— OUTPUT ‘v —_ OUTPUT
INPUTS INPUTS
L=Low Logic Level *Enable for 'L23
H = High Logic Level TLIFIG64E-1
X = Either Low or High Logic Level 71L22 (J) 81L22 (N)
Hi-Z = High Impedance (Off) State 71L23 (J) 81L23 (N)
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Recommended Operating Conditions

s P ot DM71L22 DM81L22 Unit
arameter nits
ym Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 55 4.75 5 5.25 \)
Vin High Level Input 2 2 \
Voltage
Vi Low Level Input 0.7 0.7 \
Voltage
lon High Level Output -0.2 -0.2 mA
Current
loL Low Level Output .2 3.6 mA
Current
Ta Free Air Operating - 55 125 0 70 °C
Temperature
’L22 Electrical Characteristics
over recommended operating free air temperature (unless otherwise noted)
Sym Parameter Conditions Min Tvp Max Units
(Note 1) )
Vou High Level Output Vce = Min, loq =Max 2.4 2.8 \"
Voltage VL= Max, Viq=Min
VoL Low Level Output Vee=Min DM71 0.15 0.3 "
Voltage low=Max DM81 0.2 0.4
VL= Max
Vig=Min *
Iy Input Current@Max Vee=Max, V| =5.5V 0.1 mA
Input Voltage
" High Level Input Vee=Max, V=24V 10 uA
Current
I Low Level Input Vce = Max, V=0.3V -0.18 mA
Current
los Short Circuit Ve = Max DM71 -3 -15 mA
Output Current (Note 2) DM81 _3 _15
lee Supply Current Voo = Max 3 4 mA
(Note 3)

Note 1: All typicals are at Vo =5V, Tp=25°C.
Note 2: Not more than one output should be shorted at a time.
Note 3: Icc is measured with all inputs grounded, and all outputs open.
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’L22 Switching Characteristics at voc=5v and Ty=25°C
(See Section 1 for Test Waveforms and Output Load)

DM71L22/DM81L22, DM71L23/DM81L23

RL=4kQ
Parameter Conditions C_=50 pF ! Units
Min Typ Max
tpLy Propagation Delay Data 20 ' 40 80 ns
Time Low to High to
Level Output Output
tpuL Propagation Delay Data 20 . 40 80 ns
Time High to Low to
Level Output . Output
tpLy Propagation Delay Strobe 30 60 120 ns
Time Low to High to
Level Output -~ Output
tpyL Propagation Delay Strobe 30 60 120 ) . ns
Time High to Low to
Level Output , Output
tpLy Propagation Delay Select 35 70 140 ns
Time Low to High to '
Level Output ’ " Output
tpyy Propagation Delay Select 25 50 100 ns
Time High to Low to
Level Output Output
Recommended Operating Conditions
. DM71L23 DM81L23
Sym Parameter Units
: Min Nom Max Min Nom Max
Vee Supply Voltage ‘ 45 5 55 4.75 5 5.25 '
Viy High Level Input 2 ‘ 2 v
Voltage i . ’
Vi Low Level input ' v 0.7 07 %
Voltage
lon High Level Output -0.2 -0.2 mA
Current
loL Low Level Output 2 3.6 mA
. Current '
Ta Free Air Operating ~55 ) 125 0 ' 70 °C
Temperature -
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’L23 Electrical Characteristics

over recommended operating free air temperature (unless otherwise noted)

£2118INA/S2TLLING ‘22 118INA/ZZTHLING

Sym Parameter Conditions Min Tvp Max Units
(Note 1)
Vonr High Level Output Vee =Min, lon = Max 24 2.8 )
Voltage ViL=Max, Vig=Min
VoL Low Level Output Vee=Min DM71 0.15 0.3 \Y
Voltage loL = Max DM81 0.2 0.4
VL= Max '
Vin=Min
l) Input Current@Max Veeo=Max, V=55V 0.1 mA
Input Voltage
I High Level Input Vee=Max, V=2.4V 10 uA
Current
I8 Low Level Input Vee=Max, V=03V -0.18 mA
Current
lozn Off-State Output Voo =Max, Vo=2.4V 20 rA
Current with High Vi = Min, VL= Max
Level Output
Voltage Applied
lozL Off-State Output Vo = Max, Vo= 0.3V —40 uA
Current with Low Viy = Min, VL= Max
Level Output
Voltage Applied
los Short Circuit Vee =Max DM71 -3 -15 mA
Output Current (Note 2) DM81 _3 —15
lce Supply Current . Voo =Max 4 5.3 mA
(Note 3)

Note 1: All typicals are at VCC=5V, Ta=25°C.
Note 2: Not more than one output should be shorted at a time.
Note 3: Icc is measured with all inputs grounded, and all outputs open.
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DM71L22/DM81L22, DM71L23/DM81L23

’L23 Switching Characteristics at Voo =5v and T =25°C
(See Section 1 for Test Waveforms and Output Load)

From

R =4 kQ
(Input) .
Parameter To C_=5pF C_=50 pF Units

(Output) Min Typ Max Min Typ Max
tpLy Propagation Delay Data 20 40 80 ns
Time Low to High to
Level Output Output
tpyL Propagation Delay Data 20 40 80 ns
Time High to Low to
Level Output Output
tpLn Propagation Delay Select 35 70 140 ns
Time Low to High to v
Level Output Output :
tpHL Propagation Delay Select 25 50 100 ns
Time High to Low to
Level Output Output
tpzn Output Enable Output 15 30 60 ns
Time to High Control
Level Output to Q
tpzL Output Enable Output 20 35 70 ns
Time to Low Control
Level Output toQ
tpHz Output Disable Output 15 30 60 ns
Time from High Control
Level Output toQ
tpz Output Disable Output 35 75 100 ns
‘Time from Low’ Control
Level Output to Q
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DM75L51/DM75L51

National
Semiconductor

DM75L51/DM85L51 TRI-STATE® 4-Bit D Type Registers

General Description

These four-bit registers contain D-type flip-flops with
totem-pole TRI-STATE outputs, capable of driving highly
capacitive or low-impedance loads. The high-impedance
state and increased high-logic-level drive provide these
flip-flops with the capability of driving the bus lines in a bus-
organized system without need for interface or pull-up
components.

Gated enable inputs are provided for controlling the entry of
data into the flip-flops. When both data-enable inputs are
low, data at the D inputs are loaded into their respective
flip-flops on the next positive transition of the buffered
clock input. Gate output control inputs are also provided.
When both are low, the normal logic states of the four out-
puts are available for driving the loads or bus lines. The
outputs are disabled independently from the level of the
clock by a high logic level at either output control input. The
outputs then present a high impedance and neither load nor
drive the bus lines. Detailed operation is given in the truth
table.

To minimize the possibility that two outputs will attempt to
take a common bus to opposite logic levels, the output con-
trol circuitry is designed so that the average output disable
times are shorter than the average output enable times.

Features

m TRI-STATE outputs interface directly with system bus

m Gated output control lines for enabling or disabling the
outputs
m Fully independent clock eliminates restrictions for oper-
ating in one of two modes:
Parallel load
Do nothing (hold)
m For application as bus buffer registers
m Typical propagation delay 59 ns
m Typical frequency 15 MHz
= Typical power dissipation 27.5 mW

Absolute Maximum Ratings (Note 1)

Supply Voltage 8V
Input Voltage 5.5V
Storage Temperature Range —-65°Cto 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions" table will
define the conditions for actual device operation.

Cénnection Diagram

Dual-In-Line Package
DATA ENABLE

DATA INPUTS INPUTS
- - N
Vcc CLEAR D1 D2 D3 D4 G2 Gt
16 |15 14 13 |12 1 |1o |9
1
|1 |2 3 4 5 6 7 Ia
M__ N, Q1 @2 Q3 Q4 CLOCK GND
OUTPUT OUTPUTS
CONTROL
. TLIF/6647-1
75L51(J)  85L51(N)

Function Table
Inputs
) Output
Data ' Enable
Clear | Clock Data Q
G1 G2 D
H X X X X L
L L X X X Qo
L { H X X Qo
L 4 X H X Qg
L 4 L L | L L
L } L L H H
When either M or N (or both) is (are) high the output is disabled to the high-
impedance state; however, sequential operation of the flip-flops is not
affected.

H = high level {steady state)

L = low level (steady state)

{ = low-to-high level transition

X = don't care (any input including transitions)

Qg = the level of Q before the indicated steady state input conditions were .
established
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(=)}
Recommended Operating Conditions ' =
- [4)]
DM75L51 DM85L51 -
Sym Parameter - - - Units N
Min Nom Max Min Nom Max =
O
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 Vv 2
Vi | High Level Input 2 2 v o
. . Al r
Voltage [3,]
Vi Low Level Input 0.7 07 % =
Voltage
loH High Level Output -1 -1 mA
Current ’ .
loL Low Level Output 2 36 mA .
Current
foLk Clock Frequency 0 6 0 ; 6 MHz
tw Pulse Width Clock or Clear 100 . 100 ns
tsu Setup Time Enable 45 ‘ 45 ns
Data 30 30 .
ty Hold Time Enable 0 0 ns
Data 10 10
tReL Clear Release Time 30 30 ns
Ta Free Air Operating -55 125 0 70 °C
Temperature .

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

. . Typ .
Sym Parameter Conditions Min (Note 1) Max Units
Vou High Level Output Vee =Min, oy = Max 2.4 ' Y
. Voltage ViL=Max, V|y=Min
VoL Low Level Output Voo =Min DM75 0.15 0.3 \Y
Voltage loL = Max DM85 0.2 0.4
VL= Max
V|H = Min
I Input Current@Max Voc = Max, V=55V 01’ mA
: Input Voltage
™ High Level Input Voo = Max, V=24V 10 uA
Current
e Low Level Input Vee=Max, V=03V -0.18 mA
Current .
lozh Off-State Output Vee = Max, Vo =2.4V : 20 uA
Current with High Vin = Min, V| =Max :
Level Output '
Voltage Applied » )
lozu | Off-State Output: Ve =Max, Vo =03V -40 Py
Current with Low Viy = Min, V. = Max
Level Output
Voltage Applied .
" los Short Circuit Vee = Max DM75 -3 -15 mA
Output Current (Note 2) DM85 -3 - 15
lcc Supply Current Ve = Max 5.5 9 mA
(Note 3)

Note 1: All typicals are at Voo =5V, Tp=25°C.

Note 2: Not more than one output should be shorted at a time.

Note 3: Icc is measured with all outputs open; CLEAR grounded following momentary connection to 4.5V; N, G1, G2, and all DATA inputs grounded; and
the CLOCK and M at 4:5V.
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DM75L51/DM75L51

Switching Characteristics at Ve =5V and Ta=25°C (See Section 1 for Test Waveforms and Output Load)

From

RL=4 kQ
(Input)
Parameter To C.=5pF C_ =50 pF Units
(Output) Min Typ Max Min Typ Max

fmax Maximum Clock 6 15 MHz
Frequency
tpLH Propagation Delay Clock 39 70 ns
Time Low to High to

Level Output Output

tpHL Propagation Delay Clock 77 120 ns
Time High to Low to

Level Output Output

tpuL Propagation Delay Clear 72 110 ns
Time High to Low to

Level Output Output

tpzy Output Enable Output 28 55 ns
Time to High Control

Level Output toQ

tpzL Output Enable Output 35 60 ns
Time to Low Control

Level Output toQ

tpnz Output Disable Output 18 50 ns
Time from High Control

Level Output toQ

tpz Output Disable Output 32 75 ns
Time from Low Control

Level Output to Q

‘
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Logic Diagram

M (1
OUTPUT 2)

LST1SZINA/LSTSZING

CONTROL | N
pata (14 D Q J
D1 I
Op CLOCK [
61— 3
DATA o — (3)
ENABLE | G2 EDq' D o 4 CLEAR® @
[
' DATA (13) D a J
D2 |
Ob>CLOCK [
¢ a © a2
‘ @ CLEAR
CLOCK Dc J j’
q
pata (12 D Q
D3 ]
Op CLOCK W
— (5)
[} Q3
CLEAR
_ | 1
pata (11 D Q _J
Da v
Cp CLOCK
_ 6
a © s
CLEAR
cLear 22 {>c ' ?
TLIFI6647-2
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DM75L52/DM85L52, DM75L54/DM85L.54

National
Semiconductor

DM75L52/DM85L52, DM75L54/DM85L54 TRI-STATE®
Synchronous Counters/Latches

General Description

These circuits logically combine the functions of counters
for frequency division, latches to store the data from the
counters, and output buffer gates which provide both stan-
dard TTL outputs as well as high-impedance outputs for
multiplexing of data. The counters are fully synchronous,
and are made up of four edge-triggered JK flip-flops. To fur-
ther facilitate operation, the Count Mode .and Terminal
Count outputs are also operable when the data outputs are
in the high-impedance state or the latch mode.

Features

m DM75L52/85L52
® DM75L54/85L54

Decade counter/latch
Binary counter/latch

= Typical power dissipation 38 mW
m Typical clock frequency 11 MHz

Absolute Maximum Ratings (Note 1).

Supply Voltage 8v
Input Voltage 5.5V
Storage Temperature Range —-65°Cto 150°C

Note 1: The “Absolute Maximum Ratings" are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

TRANSFER
Vcc ENABLE CP  PRESET CLEAR NC CEP CET
|1s 15 14 13 12 11 10 |9
1 2 3 4 5 6 7 8
oD1 oD2 f D B AJ TERM. GND
OUTPUT OUTPUTS COUNT
DISABLES
TLIFT6648-1
75L52 (J) 85L52 (N)
. 75L54 (J 85L54 (N
Function Table T5Lsa ) ®
Inputs Outputs
on1|op2|cep|cET| clear | Preset [TE| A | B | ¢ [ p [1c
" H = High Logic Level
H X X X X X X ) “High Impedance State” * L= Low Logic Level
)L( ': § : X X X “High Impedance State” ’ X = Either Low or High Logic Level
H X H L L L L L TE =Transfer Enable
L L X X L H H H H H H ‘ TC =Term. Count
L|L|X]|X X X L LATCH . '
L L H | H L L H COUNT *

*Function of the count sequence.
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Recommended Operating Conditions 5

n

-

DM75L52, L54 DM85L52, L54 0

Sym Parameter Units »

Min Nom Max Min Nom Max o

Vee | Supply Voltage 45 5 55 4.75 5 5.25 v §

Vi High Level Input 2 2 \ g

a

Voltage N

ViL Low Level Input 0.7 0.7 \) o

Voltage =

loH High Level Output Current -1 -1 mA | ?‘,-,

(Except Terminal Count Input) E

low | High Level Output 0.2 0.2 mA B

Current (Terminal Count) Cg)

loL Low Level Output . 2 3.6 mA 8

Current . . -

fcuk | Clock Frequency 0 6 0 6 MHz “_E
Ta Free Air Operating . —55 125 0 70 °C

Temperature

’L52 and ’'L54 Electrical Characteristics

over recommended operating free air temperature (unless otherwise noted)

. . Typ .
Sym Parameter Conditions Min (Note 1) Max Units
Vou High Level Output Vee = Min DM75 24 Vv
Voltage loL= Max DM85 2.4
VIL = Max
Viy = Min
Voo Low Level Output - Vcc=Min DM75 0.15 0.3 Y
Voltage loL = Max DM85 0.2 0.4
V;L = Max
/ le = Min
Iy Input Current@ Max Vce = Max CET 0.2 mA
Input Voltage V,=5.5V Others 0.1
I High Level Input Voo = Max CET ' 20 nA
Current V=24V - Others 10
e Low Level Input Vee = Max CET —-0.36 mA
Current Vi=0.3V Others -0.18
lozH Off-State Output Vce=Max, Vo =24V 20 uA
Current with High Vin =Min, VL= Max .
Level Output
Voltage Applied
lozt | Off-State Output Voo = Max, Vo = 0.3V - 40 1A
. Current with Low Viy = Min, V| =Max
Level Output :
Voltage Applied
los Short Circuit Vce = Max DM75 -3 -15 mA
Output Current (Note 2) DM85 -3 ~15
lec Supply Current Vee = Max 7.6 13 mA

Note 1: Ali typicals are at Voc =5V, Tp=25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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’L52 and ’L54 Switching Characteristics at voc=5v and To=25°C -

DM75L52/DM85L52, DM75L54/DM85L54

From R.=4 ko _
(Input)
Parameter . To C.=5pF C_ =50 pF Units
(Output) Min Typ Max Min Typ Max
fmax Maximum Clock ' 6 11 MHz
Frequency ' :
tpLy Propagation Delay Clock 115 - 220 ns
Time Low to High to
Level Output Output
tpyL Propagation Delay Clock 75 150 - ns
Time High to Low to
Level Output Output
tpLn Propagation Delay Transfer . 90 160 ns
Time Low to High Enable .
Level Output - to
Output
- tpyL Propagation Delay Transfer . 90 160 ns
Time High to Low , Enable :
Level Output ’ to
Output
tpzy Output Enable Output . 75 150 ns
Time to High . Control
Level Output toQ
tpzL Output Enable Output + 90 150 ns
Time to Low Control
Level Output toQ
tpyz Output Disable Output 8 15 . ns
Time from High Control
Level Output to Q
tpLz Output Disable Output 57 105 ns
Time from Low Control :
Level Output toQ R
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Mode of Operation

When the Transfer Enable (TE) is at a logical “1” level, the
data transfer paths between the counter outputs and the
output buffer gates are maintained. When the Transfer En-
able is at a logical “0” level, the data transfer paths are
inhibited, and the state of the output buffer gates are
locked in by the latches. The counter and Terminal Count
(TC) output remain operable during this time.

Asynchronous Clear resets the counter to 0000.

Asynchronous Preset sets the counter to 1111. The 1111
state may be used in the L52 for blanking out leading
zeroes in visual displays. The next clock pulse will ad-

vance the L52 to 0001 which denotes the first count of the

blanked zero. The next clock pulse will advance the L54 to
0000.

The :rerminal Count (TC) output is active high when the
counters are at terminal count and the CET is high. The
Terminal Count logic equations are:

(L52) TC=CETeAeBeCeD

(L54) TC=CETeAeBeCeD

The following logic levels control the device:

® The counters change state on the positive-going transi-
tion of the clock.

m Clearing or presetting is enabled by taking the respec-
tive input to a logical “1” level.

u To enable the count mode both CET and CEP inputs must
be at a logical “1" level.

m To latch the outputs the Transfer Enable (TE) input must
be taken to the logical “0” level.

m To place the TRI-STATE outputs into the “third-state,” ei-
ther of the Output Disable (OD) inputs must be taken to
the logical “1” level.

The clock input must be high during the high to low transi-
tion of CEP and/or CET for correct logic operation. The
CEP and CET inputs may be used in a high speed look
ahead technique.

Counter stages can be cascaded to provide multiple stage
BCD or Binary synchronous counting by using the L52 or
the L54, respectively. With a Terminal Count (TC) fan out of
ten, eleven stages are able to operate at the maximum fre-
quency equivalent to a two stage counter.

The characters displayed can be held with a low level on
the TE input while the counters can continue counting. The
display can be updated at any time by applying a positive
pulse to the TE input.

DM75L52/DM85L52 DM75L54/DM85L54
DECADE COUNT SEQUENCE BINARY COUNT SEQUENCE
. Outputs Outputs
Count Count

A B [ D TC A - B C D TC

0 L L L L L (4] L L L L L

1 H L L L L 1 H L L L L

2 L H L L L 2 L H L L L

3 H H L L L 3 H H L L L

4 L L H L L 4 L L H L L

5 H L H L L 5 H L H L L

6 L H H L L 6 L H . H L L

7 H H H L L 7 H H H L L

8 L L L H L 8 . L L L H L

9 H L L H H 9 H L L H L
pr— 10 L H L H L
Applied 11 H H L H L
Next H H H H L 12 L L H H, L
Count H L L L L 13 H L H H L
14 L H H H L

**The 111 state may be used in conjunction with certain decoder/drivers 15 H H H H H

(DM7446A, 7447A, 7448) for blanking leading zeroes. . -
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DM75L52/DM85L52, DM75L54/DM85L54

Logic Diagrams

L52
\
TERMINAL
outpuT outpuT outpuT OUTPUT  COUNT
A B c o ouTPUT
©) 6} @ “ Q)
(3} -
DISABLE!
SABLES p 1
B [—; % : r u
TRaNsFeR 2
ENABLE
(13)
PRESET ._Dc .
E I Q
SET SET ST SET
—). bt D) ek
| ——jcp of cp 0| cP —o] cP
. L L
O[Sk D) L -
RESET RESET RESET RESET
[ o ¢
COUNT B
ENABLE (g
TRICKLE —4§
UNT
enaBLE (10 .
cLock ——
CLEAR(TDC
) TLIF/6648-2
L54
TERMINAL
ouTpuT ouTPUT output OUTPUT  COUNT
A 8 c o outpuT
(6) (5) 3) (4) @
)
ouTPUT
DISABLES
@) r
TRansFer (1% :
ENABLE
(13)
PRESET __.Dc . .
[: d S
SET SET SET SET
s @ i Yo @ DK J'; ) PR
—| cP o cp o cp o cp
- - L S
HOe &l | O 5 x5 « g
RESET RESET RESET RESET
[ i
COUNT
ENABLE (9) |
TRICKLE -.m
COUNT
enasLe (10
cLock
(14)
CLEAR _Dc
(12) TLIFI6648-3
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Switching Time Waveforms

cpP

PRESET

CLEAR

CE

TE

OUTPUTS

L52, L54
3v
\ \ |
ov
— tp(clock),
3v
1.3V
ov
—— tp(PRESET)
3v
Y 1.3V
ov
— tp(CLEAR)
[———\ pr—————— 3\
\\ \ 1.3V
' ov
* ts(CE) [~ tR(CE)
3v
1.3V
M—_\ /—_N VoH
—[ 1.3V
— / VoL
—{tPLH [~ [—'— > tpds —>tpdR
tpHL
TLIF/6648-4
3v 3v
TE 1.3V—TE 7:1.“
ov ov
VOH VoH
OUTPUTS 13V 1.3v
VoL VoL
tpLH - PHLL
(TE) (TE)
TLIFIB648-5
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DM75L52/DM85L52, DM75L54/DM85L 54

Swiiching Time Waveforms (continued)

thz
3v
INPUT . 1.3V
ov
thz
ACTUAL &
LOGICAL 1"
VOLTAGE ou% 5V
q__
TLIFI6648.6
Yz
/ av
INPUT 1.3V
ov
Wz
. ouTPUT
ACTUAL 5V
LOGICAL 0"
VOLTAGE 5
TLIFI6648-7
tzn ¢
ZL
INPUT 3v INPUT \ 3v
13V 1.3V
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DM75L60/DM85L60, DM75L63/DM85L63 Synchronous 4-Bit
Up/Down Decade/Binary Counters

General Description

These circuits are synchronous up/down counters; the
L60 circuit is a BCD counter and the L63 is a 4-bit binary
counter. Synchronous operation is provided by having all
flip-flops clocked simultaneously so that the outputs
change together when so instructed by the steering logic.
This mode of operation eliminates the output counting
spikes normally associated with asynchronous (ripple-
clock) counters.

The outputs of the four master-slave flip-flops are triggered
by a low-to-high level transition of either count (clock) in-
put. The direction of counting is determined by which count
input is pulsed, while the other count input is held high.

All four counters are fully programmable; that is, each out-
put may be preset to either level by entering the desired
data at the inputs while the load input is low. The output will
change independently of the count pulses. This feature al-
lows the counters to be used as modulo-N dividers by sim-
ply modifying the count length with the preset inputs.

A clear input has been provided which, when taken to a high

level, forces all outputs to the low level; independent of the -

count and load inputs. The clear, count, and load inputs are
buffered to lower the drive requirements of clock drivers,
etc., required for long words.

5

Features

® Fully independent clear input

® Synchronous operation

® Cascading circuitry provided internally
® Individual preset for each flip-flop

B Typical count frequency 12 MHz

B Typical power dissipation 40 mW

Absolute Maximum Ratings (Note 1)

Supply Voltage ) 8V
Input Voltage 5.5V
Storage Temperature Range ~65°Cto150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond

which the safety of the device can not be guaranteed. The device should -

not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table ‘are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions" table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

INPUTS ouTPUTS INPUTS
DATA DATA DATA
Vec A CLEAR BORROW CARRY LOAD C D
16 15 14. I13 l12 |n 10 9
N
1 2 3 ‘4 5 6 7 8
DATAB Qg Qa COUNTCOUNT Qc Qp  GND
INPUT “———— DOWN UP “——v——
ouTPUTS OUTPUTS
INPUTS
TLIF/6649-1
DM75L60 (J) DM85L60 (N)
DM75L63 (J)

DM85L63 (N)
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DM75L60/DM85L60, DM75L63/DM85L63

Recommended Operating Conditions

DM75L60, L63 DM85L60, L63 ’
Sym Parameter — Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
Vi High Level Input 2 2 v
Voltage
ViL Low. Level Input 0.7 0.7 \
Voltage
lon High Level Output -0.2 -0.2 mA
Current
loL Low Level Output 2 3.6 mA
Current '
fcLk | Clock Frequency 0 6 0 6 MHz
tw Pulse Width of Any Input 70 70 ns
tsu Data Setup Time 30 30 ns
th Data Hold Time 0 ns
Ta Free Air Operating -55 125 70 . °C
Temperature’
’LS60 and 'LS63 Electrical Characteristics
over recommended operating free air temperature (unless otherwise noted)
.Sym Parameter Conditions Min Typ Max Units
(Note 1)
Vow' | - High Level Output Voo = Min, lon = Max 24 v
Voltage ' ViL=Max, Vju=Min
VoL Low Level Output Ve =Min DM75 0.15 0.3 v
Voltage ’ loL=Max DM85 0.2 0.4
V||_= Max
V|H = Min
I Input Current@Max Vcc=Max, V=55V 0.1 mA
Input Voltage ) )
hH High Level Input Vge =Max, Vi=24V 10 rA
Current
he Low Leve!llnput Vee =Max, Vi =0.3V -0.18 mA
Current )
los Short Circuit Vo =Max DM75 -3 -15 mA
Output Current (Note 2) DM85 -3 15
lce Supply Current Vce = Max 8 13 mA

(Note 3)

Note 1: Ali typicals are at Voc =5V, To=25°C.
Note 2: Not more than one output should be shorted at a time.
Note 3: Icc is measured with all outputs open, CLEAR and LOAD inputs grounded, and all other inputs at 4.5V.
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’L60 and ’L63 Switching Characteristics at vec=5v and TA=25°C

(See Section 1 for Test Waveforms and Output Load)

From Ry=4 k2
(Input)
Parameter To C_ =50 pF Units

(Output) Min Typ Max
fmax Maximum Clock 6 12 ns
Frequency
tpLy Propagation Delay Count Up 30 60 ns
Time Low to High to .
Level Output Carry
tpHL Propagation Delay Count Up 60 120 ns
Time High to Low to -
Level Output Carry
tpLy Propagation Delay Count Down 30 60 ns
Time Low to High to
Level Output Borrow
tpyL Propagation Delay Count Down 50 100 ns
Time High to Low to
Level Output Borrow
tpLy Propagation Delay Either Count 45 90 ns
Time Low to High to
Level Output Q .
tpyL Propagation Delay Either Count 75 150 ns
Time High to Low to
Level Output Q
tpLH Propagation Delay Load 55 110 ns
Time Low to High to
Lével Output Q
tpyL Propagation Delay Load 105 200 ns
Time High to Low to
Level Output Q
tpyL Propagation Delay Clear 95 190 ns
Time High to Low to
Level Output Q
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DM75L60/DM85L60, DM75L63/DM85L63

Logic Diagrams
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Logic Diagrams (continued)
L63

(13) gorrOW
ouTPUT

{12) carry
OUTPUT

‘pata (15
INPUT A r_D.; 'L
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DM75L60/DM85L60, DM75L63/DM85L63

Timing Diagrams

L60 Decade Counters ,
Typical Clear, Load and Count Sequences

CLEAR r—l
]
o]
¢ |

f1_c:

DATA

(I O B
Frrrrrd
FETLLTT
Frrrrrn
Frrrrrnd
Frrrrnn
P
Frrrrrel
FErrrrni
Frrrirrld
LT
Frrrrrl
Frrrrnrl
Frrrrrnld
I T T T O I I

T

COUNT
up

E

COUNT
DOWN

£
|
|
precd
el
o

OUTPUTS | |

ac_ :||__l 1 ' ‘ N
o_ ] [ L L
CARRVY I_J
soRROW ' LI

el 1 8 o o 1 2 1 -0 e 8 7

[~+————— COUNT UP ———— [==———— COUNT DOWN —————]

Pt A
CLEAR  PRESET

TL/IFI6649-4

Sequence:

(1) Clear outputs to zero.

(2) Load (preset) to BCD seven.
(3) Count up to eight, nine, carry, zero, one, and two.

(4) Count down to one, zero, bdrrow, nine, eight, and seven.

Note A: Clear overrides load, data, and count inputs.
Note B: \_Nhen' counting up, count-down input must be high; when counting
down, count-up input must be high.
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Timing Diagrams (continued)

L63 Binary Counters

Typical Clear, Load and Count Sequences

CLEAR 1

LOAD |__|
|
a_| . _ - —-——___C
o
5  _ _ _  _  _ ____—___-_-—___C
DATA | _ e
c_] N
|
°_l e e e
COUNT -
up |_| L_I I_l I_I |_|
COUNT
DOWN |||||||||
d
wZ | | T T
OUTPUTS _ | |
v QC__ _l 3 . l r———
| |
QD_:I l I
CARRY L_]
BORROW u
fel Bl “ 15 0 1 2 10 15 14 13
. |~—————— COUNT Up—————»| COUNT DOWN————=]
CLEAR  PRESET
Sequence: TL/IFI6649-5

(1) Clear outputs to zero.
(2) Load (preset) to binary thirteen.

(3) Count up to fourteen, fifteen, carry, zero, one, and two.
(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen.

Note A: Clear overrides load, data, and count inputs.
Note B: When counting up, count-down input must be high; when counting

down, count-up input must be high.
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DM76L70/DM86L70

National
Semiconductor

DM76L70/DM86L70 8-Bit Serial
In/Parallel Out Shift Registers

General Description

These 8-bit shift registers feature gated serial inputs and
an asynchronous clear. A low logic level at either input in-
hibits entry of the new data, and resets the first flip-flop to
the low level at the next clock pulse, thus providing com-
plete control over incoming data. A high logic level on either
input enables the other input, which will then determine the
state of the first flip-flop. Data at the serial inputs may be
changed while the clock is high or low, but only information
meeting the setup requirements will be entered. Clocking
occurs on the low-to-high level transition of the clock input.

Features

m Gated (enable/disable) serial inputs
m Fully buffered clock and serial inputs
|m Asynchronous clear

m Typical clock frequency 14 MHz
m Typical power dissipation 30 mW

Absolute Maximum Ratings note 1)

Supply Voltage 8V
Input Voltage 5.5V
Storage Temperature Range -65°Cto 150°C

Note 1: The “Absolute Maximum Ratings"” are those values beyond
which the satety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The *“Recommended Operating Conditions™ table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Qr  CLEAR CLOCK GND Qp Qc Qg
14 13 12 | 11 10 9 8
\Y4
1 2 3 ] |4 5 6 7
QF Qg Qy. Vee Sa Ss Qp
TL/F16650-1
H 76L70/86L W,
Function Table 6L70/86L70 (W)
Inputs Outputs ) )
H = High Level (steady state)
Clear [ Clock |A B | Qp Qp QH L = Low Level (steady state)
X = Don't Care (any input, including transitions)
L X X X L L S L } = Transition from low to high level '
H L X . X |[Qao Qo QHo Qag. Qgo. QHo = The level of Qa, Qg, or Qy, respectively, before the indicat-
H f H H H QAn QGn ed steady state input conditions were established. N
H L X L Q Q Qap. Qgp = The level of Qp or Qg before the most recent § transition of the
t An Gn clock; indicates a one-bit shift.
H ] X L L Qan QGn
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Logic Diagram

Eamma

0.7198NA/02192INA

12
CLOCK Dc ’ ' ’-
o Q Q o) fo}
seraL [ A — CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
INPUTS BZD"_‘ R Ta R Tg R Q¢ R Tp R O R G R Qg R Oy
L cLock b cLock b cLock b cLock cLock cLock b cLock cLock
s oa s o s  ac s o s o Ts oFTs oGTs oy
B 7 8 9 10 14 1 2 3
QA Qg Qc Qp Qg QF QG QH
ouTPUTS
TLIFI6650-2

Timing Diagram
Typical Clear, Shift, and Clear Sequences

CLEAR _|u : _ _r

SERIAL

INPUTS
B _..___.__._I

§I
5

on ] I L1
08 ] [ L
ac ] [ L1

OQUTPUTS <

[

]
|

[*]
I
|- 4

CLEAR ' CLEAR

TLIF/6650-3

" Recommended Operating Conditions

DM76L70 DM86L70
Sym Parameter Units
Min Nom Max Min Nom Max

Vee Supply Volitage 45 5 5.5 4.75 5 5.25 "

Viy High Level Input 2 2 \
Voltage

ViL Low Level Input ; 0.7 0.7 \
Voltage :

lon High Level Output ' -0.2 -0.2 mA
Current

loL Low Level Output ' 2 3.6 mA
Current
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DM76L70/DM86L70

Recommended Operating Conditions (continueq)

DM76L70 DM86L70
Sym Parameter Units
’ Min Nom Max Min Nom Max
fok Clock Frequency 0 6 0 6 MHz
tw Pulse Width Clock 60 40 60 40 ns
Clear 60 40 60 40
tsu Data Setup Time 40 20 40 20 ns
tH Data Hold Time 20 -5 20 -5 ns
Ta Free Air Operating -55 125 0 70 °C
Temperature

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

. . Typ .
Sym Parameter . Cond:t?ons Min (Note 1) Max Units
VoH High Level Output Vce = Min, loy =Max 24 \
Voltage VL= Max, V| =Min
VoL Low Level Output Vee = Min DM76 0.3 \"
Voltage loL=Max DM86 0.4
V||_ = Max
VIH = Min
I Input Current@ Max Vee = Max Clear .02 mA
Input Voltage V,=5.5V Other 0.1
I High Level Input Vee = Max Clear 20 A
Current V=24V Other 10
he Low Level Input Veeo = Max Clear -0.36 mA
Current V;=0.3V Other —018
los Short Circuit Vce = Max - DM76 -3 -15 mA
Output Current (Note 2) DM86 _3 _15
lee Supply Current Vee = Max 6 9 mA
(Note 3)

Switching Characteristics at voc=5v and TA=25°C

(See Section 1 for Test Waveforms and Output Load)

From Ri=4ka
(Input) C_ =50 pF
Parameter To (Note 4) Units
(Output) Min Typ Max
fmax Maximum Clock 6 14 MHz
Frequency
tpLy Propagation Delay Clock 50 85 ns
Time Low to High to .
Level Output Output
tpyL Propagation Delay Clock 90 135 ns
Time High to Low to
Level Output Output
tpyL Propagation Delay Clear 75 120 ns
Time High to Low to
Level Output Qutput

Note 1:
Note 2:
Note 3:
Note 4:

All typicals are at Voo =5V, Tp=25°C.
Not more than one output should be shorted at a time.
Icc is measured with outputs open, SERIAL inputs grounded, the CLOCK input at 2.4V, and a momentary ground, then 4.5V, applied to CLEAR.

C =15 pF for fpax only.
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DM76L75/DM86L75, DM76L76/DM86L76 Presettable

Decade/Binary Counters
General Description

These synchronous, presettable counters are true tenth-
power versions of the popular DM54160A/DM74160A,
DM54161A/DM74161A, DM9310, and DM9316 counters.
They feature an internal carry/look ahead for high-speed
cascading, and trigger on the positive-going transition of
the clock pulse. The counters are fully programmable; and,
since presetting is synchronous, applying a low logic level
to the load input disables the counter and forces the out-
puts to agree with the setup data after the next clock pulse,
regardless of the levels of the enable inputs. Low-to-high
transitions at the load inputs are acceptable, regardless of
the logic levels on the clock or enable inputs. The clear
(reset) function is asynchronous, and a low level applied to
the clear input sets all four outputs low regardliess of the
levels on the clock, load, or enable inputs. In high-speed
cascading arrangements, both count-enable inputs (P, T)
must be high to count, and input T is fed forward to enable
the ripple carry output. This high-level overflow ripple carry
pulse can be used to enable successive stages. High-to-
low level transitions at the P or T enable inputs are
permitted, regardless of the logic level on the clock.

Features
® Low power versions popular counters
DM76L75/DM86L75 = DM54160A/DM74160A,
DM9310—decade counter
DM76L76/DM86L76 = DM54161A/DM74161A,

DM9316—binary counter
m Internal look-ahead for fast cascading
m Counters are fully synchronous and presettable
m Typical power dissipation

Absolute Maximum Ratings (Note 1)

33 mW

Supply Voltage 8V
Input Voltage 5.5V
Storage Temperature Range -65°Cto150°C

Note 1: The "Absolute Maximum Ratings" are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The *Recommended Operating Conditions" table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

OUTPUTS

TC e
Vge OUTPUT Qo a1

16 15 14 13

Q2 Q3
12 1 10 9

1 2 3 4 5 6 7 [s
CLEAR CLOCK PO P1 P2 P3 CEP - GND
DATA INPUTS
TLIF/6651-1
76L75 (J) 86L75 (N)
76L76 (J)  86L76 (N)
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DM76L75/DM86L75, DM76L76/DM86L76

Recommended Operating Conditions

o DM76L75, L76 DM86L75, L76 .
Sym Parameter - Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 5.5 4.75 5 5.25 \
Vin High Level Input 2 2 \
Voltage
ViL Low Level Input 0.7 0.7 \"
Voltage '
lon High Level Output -0.2 -0.2 mA
Current -
loL Low Level Output 2 3.6 mA
Current .
fok | Clock Frequency 0 6 0 6 MHz
tw Pulse Width Clock 60 25 60 25 ns
Reset 80 30 80 30
tsu Setup Time CE 65 40 65 40 ns
Data 30 15 30 15
PE" 65 40 65 40
th Hold Time CE 80 ‘50 80 50 ns
Data 30 15 30 15
PE 65 40 . 65 40
Ta Free Air Operating - 55 125 0 70 °C
Temperature
’L75 and ’L76 Electrical Characteristics
over recommended operating free air temperature (unless otherwise noted)
s . . Typ ' .
ym Parameter Conditions Min (Note 1) Max Units
Vou High Level Output Vce = Min, oy = Max 2.4 3.1 Y
Voltage ViL=Max, Viy=Min
VoL Low Level Output Vee =Min DM76 0.2 0.3 Vv
Voltage lol=Max - DM86 0.2 0.4
VIL= Max
VIH = Min .
Iy Input Current@Max Ve = Max CET 0.2 mA
Input Voltage Vi=5.5V Others 01
hH High Level Input Vceo = Max CET 20 A
Current V=24V Others 10
I Low Level Input Vce = Max CET -0.36 mA
Current Vi=0.3V Others —~0.18
los Short Circuit Ve =Max DM76 -3 -15 mA
OUtpUt Current (Note 2) DM86 -3 -15
lcc Supply Current Vee = Max 6.5 9 mA

- Note 1: All typicals are at Voo =5V, TA=25°C.

Note 2: Not more than one output should be shorted at a time.
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Switching Characteristics at Ve =5v and T4=25°C

(See Section 1 for Test Waveforms and Output Load)

From

RL=4kQ
(Input) .
Parameter To C_ =50 pF Units
(Output) Min Typ Max
fmax Maximum Clock 6 13 ns
Frequency
tpLy Propagation Delay Clock 45 75 ns
Time Low to High to
Level Output Q
tpuL Propagation Delay Clock 65 110 ns
Time High to Low to
Level Output Q
tpLy Propagation Delay Clock 70 115 ns
Time Low to High to
" Level Output TC
tpyL Propagation Delay Clock 85 140 ns
Time High to Low to
Level Output TC
tpLy Propagation Delay CET 35 60 ns
Time Low to High to
Level Output TC
tpHL Propagation Delay CET 35 60 ns
Time High to Low to
Level Output TC
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DM76L75/DM86L75, DM76L.76/DM86L76

' Logic Diagrams

76L75/86L75 (Decade)
P1 P2 P3
BE (QL » (3) (4) (5) (6)
S Q9 s Q ) s @ ] s Q-
cep - CP cP o cP_
RCDQ 1—4 RCDQ RCDQ HCDQ |
[} (? t [*) [+]
CEP (:Z;ﬁgo }
CET ' : o
clock ‘=—>o— (14) (13) (12) (15) (11
ctear Do Qo a1 a2 TC a3
» TLIF/6651-2
76L76/é6L78 (Binary)
PO P1 P2 P3
_© 3 4 (5 6
PE (_11 t (3) (4) ) (6)
1
- S Q- s Q— s Q14 M T
o CP o cp cp
RCDQ 4 RCDO e HCDO 4 CD
T ? = | ? ?
CEP mﬁD"
cer (19 >
cLock ' =—P>o— (14) (13) (12) (15) ()
cear Lo | a0 o1 a2 TC a3
V, =
Gﬁg = t;)S) TL/IF/6651-3
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DM76L90/DM86L90 8-Bit Parallel

In/Serial Out Shift Registers

General Description

These are 8-bit serial shift registers which shift the data in
the direction of QA toward QH when clocked. Parallel-in ac-
cess is made available by eight individual direct data in-
puts, which are enabled by a low level at the shift/load
input. These registers also feature gated clock inputs and
complementary outputs from the eighth bit.

Clocking is accomplished through a 2-input NOR gate,
permitting one input to be used as a clock-inhibit function.
Holding either of the clock inputs high inhibits clocking, and
holding either clock input low with the load input high en-
ables the other clock input. The clock-inhibit input should
be changed to the high level only while the clock input is
high. Parallel loading is inhibited as long as the load input is
high. Data at the parallel inputs are loaded directly into the
register on a high-to-low transition of the shift/load input,
regardless of the logic levels on the clock, clock inhibit, or
serial inputs.

Features

m Complementary outputs

_ m Direct overriding load (data) inputs
m Gated clock inputs
m Parallel-to-serial data conversion
m Typical frequency 14 MHz
m Typical power dissipation 80 mW

Absolute Maximum Ratings (Note 1)

Supply Voltage 8V
Input Voltage 5.5V
Storagg Temperature Range ~-65°Cto150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics™ table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions' table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Function Table

CLOCK M SERIAL OUTPUT Inputs Internal
Vce INHBIT D c B A INPUT Qy Outputs
lie |15 |14 |13 Jiz J11 |0 e ‘|Shift/|Clock |ciock |serial|  Parallet Output
Load {Inhibit A...H QA Op QH
N L X X X a...h a b h
H L L X X Qa0 QBO | QHO
H L 4 H X H Qan | QGn
H L } L X L Qan | QGn
H H 4 X X Qa0 QBo | QHo
H = High Level (steady state), L = Low Level (steady state)
X = Don't Care (any input, including transitions)
11 2 3 4 5 6 7 IB } = Transition from low-to-high level

SHIFT/ CLOCK E F G

H OUTPUT GND
LOAD

PARALLEL INPUTS  OH

TL/IFI16652-1

DM76L90 (J) DMB86L90 (N)

a...h = The level of steady-state input at inputs A through H, respectively.
Qpo. QBo. Qup = The level of Qp, Qg or Qy, respectively, before the i
steady-state input conditions were established.

Qan. Qgn = The level of Qp or Qg, respectively, before the most recent § transi-
tion of the clock.
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] --DM76L90/DM86L90

- 92L-L

weubeiq o160

PARALLEL INPUTS

A B c o E F [ H
(1) (12) (13) (14) I (3) 4) (5) (6)
PRESET PRESET PRESET PRESET PRESET PRESET PRESET PRESET ©)
s o s ag s ac s o s S s [+ s Qg s oy OUTPUT Oy
~Cp cLock ~Cb CLOCK ~Op CLOCK ~Op CLOCK ~Ob CLOCK b cLock —Op CLOCK ~Ob CLOCK
(10) ~ = - - - - - - 7 _
“weur l'> o—¢ R RO R Qc R O R G R G R G a4 D oureura,
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
swier/ (1) : !
LOAD T C{> 1
<

CLOCK

cLock (18)
INHIBIT




Timing Diagram '

Typical Shift, Load and Inhibit Sequences

067198NA/06T192ZINA

CLOCK INHIBIT
SERIAL INPUT L
SHIFT/LOAD L
a__Jwl
‘ B L
c |IER
D L
DATA £ l—-H—I
F L
G |IER!
H IER!
OUTPUTGH _ H LRl L[w L[
outPuTay __ ] L [w 1o wm e [w ]
|- nHBIT |- - — - — — SERIAL SHIFT
LOAD

TLIF!6652-2

Recommended Operating Conditions

DM76L90 DM86L90
Sym Parameter - Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 5.5 4.75 5 5.25 \
Viu | High Level Input 2 2 ‘ v
Voltage :
ViL Low Level Input . 0.7 0.7 \
Voltage
loH High Level Output -0.2 -0.2 mA
Current
loL Low Level Output 2 3.6 mA
; Current .
foLk Clock Frequency 0 6 0 6 MHz
tw Pulse Width (Clock, Load) 100 100 ns
tsu | Data Setup Time T a4 22 44 22 ns
th Data Hold Time 10 10 ns
Ta Free Air Operating -55 125 0 70 °C
Temperature : '
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DM76L90/DM86L90

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

. Typ .
Sym Parameter Conditions Min ’ (Note 1) Max Units
Von High Level Output Vee = Min, loy = Max 2.4 \"
Voltage ViL=Max, Viy=Min
VoL Low Level Output " Ve =Min DM76 0.3 v
Voltage loL = Max DM86 0.4
VL= Max
Vi =Min
Iy Input Current@ Max Vee =Max, V| =5.5V 0.1 mA
Input Voltage .
I High Level Input Ve = Max Load 30 nA
Current Vi=24V Others 10
I Low Level Input Voo = Max Load -0.54 mA
Current =0.3V Others —0.18
los Short Circuit Ve = Max DM76 -3 -15 mA
Output Current (Note 2) DM86 3 —15
lcc Supply Current Vee =Max 9.5 mA
(Note 3)

Swntchmg Characteristics at voo=5v and TA=25°C

(See Section 1 for Test Waveforms and Output Load)

From-

RL=4kQ
(Input)
Parameter To C_ =50 pF Units

(Output) Min Typ Max
fmax Maximum Clock 6 14 ns
Frequency
tpLn Propagation Delay Load. 44 88 ns
Time Low to High to
Level Output Any Q
tpHL Propagation Delay Load 62 124 ns
Time High to Low to
Level Output Any Q
tpLy Propagation Delay Clock 35 70 ns
Time Low to High . to
Level Output Any Q
tpyL Propagation Delay Clock 50 100 ns
Time High to Low to '
Level Output Any Q
tpLy Propagation Delay H - 33 66 ns
Time Low to High to P
Level Output Qy
tpHL Propagation Delay H 56 112 ns
Time High to Low to
Level Output Qu
tpLn Propagation Delay H 33 66 ns
Time Low to High to
Level Output Qy
tpyL Propagation Delay H 56 112 ns
Time High to Low to 1
Level Output Qy N

Note 1: All typicals are at Vgg =5V, To=25°C. S

Note 2: Not more than one output should be shorted at a time.
Note 3: With the outputs open, CLOCK INHIBIT and SHIFT/LOAD at 4.5V, and a clock pulse applied to the CLOCK input, Icc is measured first with the

parallel inputs at 4.5V, then with them at OV.

<
~
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History

In the mid 1960’s the various government agen-
“cies responsible for semiconductor reliability
saw that screenable defects were resulting in an
in-equipment failure rate of about 1% per thou-
sand hours. In-depth failure analysis allowed
them to determine what the predominate failure
mechanisms were. The Solid State Applications
Branch of the Air Force’s Rome Air Development
Center (RADC) was assigned the task of devel-
oping a screening procedure which would re-
move the infant mortality failures which had led
to the high failure rate previously encountered.
Working closely with other semiconductor reli-
ability experts, the RADC staff developed MIL-
STD-883, which was first issued in 1968. The
objective of MIL-STD-883 was to create an eco-
nomically feasible, standardized integrated cir-
cuit screening flow ‘which would achieve an in-
equipment failure rate of 0.08% per thousand
hours for Class B and 0.004% per thousand
hours for Class A (which was later superseded
by Class S). Over the years this standard has
grown and matured with a number of new test
methods added as reliability information and
failure analysis results became more detailed.
These developments have led to one of the
strongest and most comprehensive screening
specs available, MIL-STD-883.

Purpose and Structure

MIL-STD-883 states: this standard establishes
uniform methods and procedures for testing mi-
croelectronic devices, including basic environ-
mental tests to determine resistance to deleteri-
ous effects of natural elements and conditions
surrounding military and space operations, and
physical and electrical tests. What does this
mean to the semiconductor user? To understand
this, one must subdivide MIL-STD-883 into two
primary areas: 1) Detailed how-to specifications
(methods 1001 through 4007) and 2) Screening
and qualification and/or quality conformance
testing requirements (methods 5001 through
5009). By examining each of these areas the
thrust of MIL-STD-883 will become apparent.

Detailed How-to Specifications

MIL-STD-883 is a collection of environmental,
mechanical, visual, and electrical test methods.
These methods define tests which enable manu-
facturers and users to screen for specific reli-
ability concerns. The tests covered include
moisture resistance, high temperature storage,
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neutron irradiation, shock and acceleration
tests, visual radiography, and dimensional tests,
to mention only a few. In the electrical test sec-
tion, there are tests to examine load conditions,
power supplies, short circuit currents, and other
tests. Each of these tests is designed to look at
specific reliability and quality concerns that
affect semiconductor products.

Screening Flows

The overall reliability requirements for a system
depend upon a number of factors, including
cost-effectiveness. For example, a deep space
probe, where component replacement is impos-
sible once the system is launched, requires very
high reliability, despite the inherent cost of com-
plex screening. On the other hand, a ground-
based radio unit can use a less stringent reliabil-
ity testing sequence, since a failed component
can be easily replaced at moderate cost. In line
with this range of needs, MIL-STD-883 estab-
lished three distinct product assurance levels to
provide reliability commensurate with the prod-
uct’s intended application. The three levels are
Class S (intended for critical applications, such
as space), Class B (intended for less critical ap-
plications, such as airborne or ground systems),
and Class C (intended for easily replaceable
systems, which has since been eliminated).

National and MIL-M-38510

A major thrust exists among integrated circuit
users, suppliers, and the U.S. Government to
avoid proliferation of military procurement spec-
ifications by turning instead to standardized
high reliability microcircuits. National Semicon-
ductor endorses ‘and supports this trend.

One major program to which National is heavily
committed is the JAN MIL-M-38510 IC program.
This is a standardization program administered
by the U.S. Defense Department which allows a
user to purchase a broad line of standard prod-
ucts from a variety of qualified suppliers.

There is only one MIL-M-38510 program. National
is committed to supplying only QPL devices,
and discourages any “pseudo-38150” alternates.

There are two levels specified within MIL-M-
38510 — Classes S and B. Class S is typically
specified for space flight applications, while
Class B is used for aircraft and ground systems.
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MIL-M-38510

The Defense Electronic Supply Center (DESC)
administers the integrated circuit standardiza-
tion program known as MIL-M-38510 (sometimes
referred to as the JAN IC Program). The specifi-
cation set used to define the program consists
of four documents: general specification MIL-M-
38510, which is an overall definition of the pro-
cessing and testing to be performed; detail
specifications (referred to as *“slash sheets”),
each of which defines the performance param-
eters for a unique generic device or a family of
devices; MIL-STD-883, which defines specific
screening procedures; and MIL-STD-976, which
defines line certification requirements.

When a user orders a MIL-M-38510 device, he is
guaranteed that he will get a device fully con-
formant with the detail specification and which
has also met all of the general testing and pro-
cessing requirements. DESC requires semicon-
ductor suppliers to become formally qualified
under the MIL-M-38510 program and to be listed
on the current Qualification Products List (QPL)
before . they are allowed to legally ship JAN
devices. . :

Advantages to the User

The JAN 38510 program has numerous advan-
tages for the integrated circuit user.

e A single explicit specification eliminates
guesswork concerning device electrical char-
acteristics or processing flow.

e The rigorous schedule of quality conformance
testing that is a mandatory part of the MIL-M-
38510 program assures the user of long-term
stability.

e Since the electrical characteristics of the
devices are at least as tight as the ‘‘standard
industry data sheet” parameters, device per-
formance will meet the vast majority of
system design requirements. Additionally,
min./max. limits replace many data sheet
typicals, making circuit design and worst case
design analysis decisions easier.

* The user is spared the expense of researching
and preparing his own procurement
document.

o The user is spared the expense ‘of qualifica-
tion testing. The QPL tells him which suppli-
ers have qualified the device he requires.

* The QPL gives the user a choice of qualified

~ suppliers for devices that are fully inter-
changeable. In addition, the presence of sev-
eral sources guarantees competitive pricing
that is typically lower than for devices to a
user’'s own specifications.
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¢ Since MIL-M-38510 is a standard program, pro-
curement lead times will be shorter. With a
large number of programs using JAN devices,
distributors and manufacturers are able to
establish inventories of JAN devices. National
in particular is committed to maintaining fin-
ished goods and work-in-process inventories
to support.our customers’ needs.

e Spare parts will be readily available without
excessive minimum order requirements.

e Standard parts with volume requirements will
remain in production longer.

e Device markings are consistent from one
manufacturer to another.

e The program is extremely cost-effective. A
user can purchase a few devices for engineer-
ing evaluation and prototyping and know that
they will be identical to the devices he will get
during production. When the cost factors as-
sociated with spec. writing, supplier qualifica-
tion, maintaining voluminous parts control
documentation, and the more intangible bene-
fits of device availability are totaled, use of
JAN ICs is overwhelmingly the most cost-
effective approach.

Advantages to the Supplier

What motivates a supplier like National Semi-
conductor, to be so heavily committed to the
MIL-M-38510 program? National has the broad-
est range of reliability processed products avail-
able in the semiconductor industry. A program
such as MIL-M-38510 helps to standardize the
processing required and to minimize the number
of individual user specifications. This allows
National to concentrate more resources on this
program, thereby improving product quality and
availability.

The Most Frequently Asked Questions and
Answers about MIL-M-38510

There are many questions which are frequently
asked regarding the MIL-M-38510 program. We
would like to answer some-of them.

Q. WHAT MUST A MANUFACTURER DO TO GET
HIS PARTS LISTED ON THE QPL?

A. There are two things which a manufacturer is
required to do. First, he must get his facilities
(including wafer fab, assembly, and rel pro-
cessing areas) certified by DESC. This re-
quires that each fab area used for QPL de-
vices must be approved. Second, for each
specific device and package combination
listed on the QPL, the manufacturer must
perform extensive qualification testing and
provide detailed device information to DESC.
This data is typically supplied in two phases.



In the first phase, the manufacturer must
supply detailed information concerning the
device construction and electrical character-
istics. Once this data has been verified by
DESC to confirm that the manufacturer's de-
vice meets the MIL-M-38510 requirements,
the manufacturer is listed on Part Il of the
QPL. At this point the manufacturer is legally
able to supply full’ JAN qualified devices
meeting ALL of the MIL-M-38510 require-
ments. The manufacturer must then perform
the full qualification testing of Method 5005
of MIL-STD-883 as specified in paragraph'4.4
of MIL-M-38510. Once this data has been
reviewed and accepted by DESC, the manu-
facturer is listed on Part | of the QPL.

. IS THERE ANY DIFFERENCE IN DEVICES
PRODUCED WHILE A MANUFACTURER:IS
LISTED ON PART Il OF THE QPL AND THOSE
PRODUCED AFTER PART | QUALIFICATION
IS COMPLETED?

. There is absolutely no difference. A supplier
“must meet all of the device screening and
quality conformance requirements no matter
what his QPL status.

. HOW DOES A USER KNOW WHAT DEVICES
ARE COVERED BY SLASH SHEET SPECIFI-
CATIONS?

. Supplement 1 to MIL-M-38510 contains a list-
ing of the slash sheet specifications and a
cross reference to the generic part type. This
is updated as new slash sheets are released.
National’s Reliability Handbook also con-
tains a cross reference.

. HOW CAN A USER OBTAIN COPIES OF THE
QPL, SUPPLEMENT 1 OF MIL-M-38510, MIL-
M-38510 ITSELF, AND MIL-STD-883?

. Copies of these'and other related documents
may be obtained from:

Naval Publications and Forms Center
5801 Tabor Avenue

Philadelphia, PA 19120

(212) 697-2179

. WHAT ABOUT THOSE DEVICES FOR WHICH
NO DETAIL SPECIFICATION EXISTS? :

. The ultimate aim of a standardization pro-
gram must be to furnish all parts. Requests
for addition of a part to MIL-M-38510 should
be made to DESC Directorate of Engineering,
Dayton, Ohio 45444, indicating a need for
slash sheets and/or suppliers to be qualified
for the additional devices. National has a
form (available through local sales offices)
which may be used for this purpose. In addi-

. tion, if only some parts are available, a user
can still see significant savings on those that
are available.

Q. HOW IS A JAN QPL DEVICE MARKED?

A. Tables | and Il explain the details of the mark-
ing for JAN ICs. :

TABLE I. MIL-M-38510 Part Marking
JM3B510/XXXXXYYY

the Lead Finish

A = Solder Dipped

B=Tin Plate

C=Gold Plate

X =Any lead finish above
is acceptable

the Device Package (see
Table Il)

the Screening Level S or B

the Device Number on the
Slash Sheet

the Slash Sheet Number
MIL-M-385810

The JAN prefix (which
may be applied only to a
fully conformant device
per paragraphs 3.6.2.1 and
3.6.7 of MIL-M-38510)

TABLE 1l. JAN Package Codes

38510
PACKAGE
DESIGNATION

MICROCIRCUIT INDUSTRY .
DESCRIPTION

14-pin 1/4” x 1/4” (metal) flatpack
14-pin 3/16” x 1/4” flatpack

14-pin 1/4” x 3/4" dual-in-line

14-pin 1/4” x 3/18"” (ceramic) flatpack
16-pin 1/4” x 7/8” dual-in-line

16-pin 1/4” x 3/8"” (metal or ceramic)
flatpack

8-pin TO-99 can or header

10-pin 1/4” x 1/4" (metal) flatpack
10-pin TO-100 can or header

24-pin 1/2” x 1-1/4"” dual-in-line
24-pin 3/8"” x 5/18" flatpack

12-pin TO-101 can or header

8-pin 1/4” x 3/8” dual-in-line

40-pin 8/16"” x 2-1/16” dual-in-line

.| 26-pin 1/4" x 1-1/16” dual-in-line
20-pin 1/4” x 1/2" flatpack

18-pin 3/8” x 1-15/16" dual-in-line
22-pin 3/8” x 1-1/8” dual-in-line
Unassigned — Reserved for
identifying special packages whose
dimensions are carried in the detail
specifications.

MTMOOm>

<XS<OWDOUVZIXC—-—IO

N
N——"

Q. ARE DEVICES CALLED “M38510, JAN PRO-
CESSED, JAN EQUIVALENT, ETC.” REALLY
QPL PRODUCTS?

A. Absolutely not. There is only one QPL prod-
uct — it is a JM38510 marked device. “JAN
Equivalent” is expressly forbidden by para-
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graphs 3.1 and 3.6.7 of MIL-M-38510. MIL-M-
38510 does provide for the production of
devices when no qualified sources exist, but
this may be done only with prior DESC ap-
proval, and products produced under this
provision must meet all requirements of MIL-
M-38510 other than qualification.

. HOW LONG CAN A SUPPLIER REMAIN ON
PART Il OF THE QPL?

. For Class B, a manufacturer can remain on
Part 1l for two years or until 90 days after
another supplier becomes qualified for the
same device package, screening level, and
lead finish combination on Part | of the QPL.
Class S devices may remain on Part |l for one
year after another manufacturer reaches
Part |I.

. WHEN ANOTHER SUPPLIER OBTAINS PART
I QUALIFICATION, ARE THE OTHER QUALI-
FIED SUPPLIERS REMOVED FROM PART I
IMMEDIATELY?

. No. The supplier is given 90 days before
being removed from Part Il for a Class B de-
vice and one year for a Class S device. During
that time a supplier may legally accept orders
for those devices. After the end of the 90-day
or one year period, he may no longer-accept
orders but may complete and ship those or-
ders received prior to that time, no matter
how long it takes him to complete them.

. IS A SUPPLIER EVER REMOVED FROM
PART | QUALIFICATION?

. Generally not. As long as a supplier contin-
ues to manufacture the device, maintains ap-
propriate facility approvals, and submits all
required reports and information to DESC
within stipulated time limits, he will retain
QPL | listing. Violation of these requirements
can be cause for removal from QPL.

. CAN AN AUTHORIZED DISTRIBUTOR SHIP
JAN DEVICES FROM HIS SHELVES IF THE
MANUFACTURER HAS LOST HIS QPL LIST-
ING FOR THOSE DEVICES?

. Yes. As long as those devices were ordered
by the authorized distributor while the manu-
facturer had QPL listing for those devices,
the distributor may subsequently ship those
devices from his shelves.

. CAN A MANUFACTURER LEGALLY SHIP
JAN QPL MATERIAL HE ASSEMBLED AND
TESTED BEFORE- HE RECEIVED A QPL
LISTING?

. Yes. The manufacturer must assemble and
screen parts to prove his ability to comply
with the specifications before he can be
placed on QPL. As a result, his first lot of
material, which is fully conformant to QPL
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product requirements, will have a date code
that is earlier than the date he is placed on
the QPL. However, the manufacturer may not
begin to assemble and test unless he has a

- line certification and an approval to proceed

with qualification. .

. WHAT IS THE RELATIONSHIP BETWEEN

MIL-M-38510 AND MIL-STD-8837

. MIL-M-38510 defines complete program

requirements and the detail device electri-
cal performance parameters. The device
processing requirements are specified in
MIL-STD-883.

. SUPPOSE DEVICES ARE KEPT ON A MANU-

FACTURER'’S OR DISTRIBUTOR’S SHELVES
FOR A PERIOD OF TIME; MUST THEY EVER
BE RETESTED TO VALIDATE THAT THEY
STILL MEET SLASH SHEET CHARACTER-
ISTICS?

. Yes. Devices held by a manufacturer or by his

authorized distributor which have a date
code older than|36 months must be retested
by the manufacturer in accordance with
Group A sampling requirements prior to ship-
ment to a customer or return to inventory.

. WHY SHOULD A USER SPECIFY “X" IN

THE LEAD FINISH DESIGNATION FOR A
PART TYPE?

. A manufacturer who receives an order for a

specific lead finish for which he is qualified
but has no inventory at the time of order may
not be able to fill the order in a timely man-
ner, even though he might have substantial
inventory of another lead finish. Unless a
user has a specific reason for wanting a par-
ticular lead finish, he should allow his sup-
pliers the flexibility of shlpplng whatever
finish is available.

. WHAT DATA IS A MANUFACTURER RE-

QUIRED TO SHIP WITH A JAN PART?

. A certificate of conformance is all that is re-

quired. However, he must retain all data for
three years.

. CAN A DEVICE FOR WHICH THERE IS NO

SLASH SHEET BE PROCESSED TO MIL-M-
385107 !

. Since MIL-M-38510 invokes a combination of

the processing requirements of MIL-STD-883
and the detail device performance param-
eters contained in each individual slash
sheet, the answer is obviously no. However,
National’s 883B/RETS™ program does pro-
vide parts which meet all of the screening
requirements of the MIL-STD-883 specifica-
tion and which have been subjected to all of
the MIL-M-38510 controls (except for
domestic assembly).



TABLE Ill. Sample MIL-M-38510 Listing ‘ ‘

GOVERNMENT DESIGNATION

DEVICE DEVICE| CASE |LEAD MATERIAL
TYPE* CLASS | OUTLINE| AND FINISH

TEST REPORT

NUMBER MANUFACTURER’S NAME

M38510/008 !
01 S only A C
01 B C A
02 D B
03 B C A
B

38510-953-81 | National Semiconductor Corp.

38510-953-81 | National Semiconductor Corp.
38510-30-7T

38510-520-83 | National Semiconductor Corp.

***M38510" is the military designator for MIL-M-38510. The QPL shows this notation even though the parts are fully qualified devices and are -

marked JM38510/XXXXXYYY.

Q. WHAT DOES A QPL LISTING LOOK LIKE

AND HOW DO YOU READ IT?

A. Sample QPL listings are shown in Table lll.

JM38510/00801SAC
JM38510/00801BCA
- JM38510/00801BCB
JM38510/00801BDA
JM38510/00801BDB
JM38510/00802BCA
JM38510/00802BCB
JM38510/00802BDA
JM38510/00802BDB
JM38510/00803BCA -
JM38510/00803BCB

Q. WHAT QUALITY CONFORMANCE TESTS
ARE CONDUCTED? ARE ALL DEVICES IN
A GENERIC FAMILY EVENTUALLY: SUB-
JECTED TO QUALITY CONFORMANCE

TESTING?

A. For B level devices quality conformance

tests must be conducted as follows:
Group A—Each inspection lot or subiot.

Group B—Each inspection lot for each pack-
age type and lead finish on each

detail specnflcatlon

Group C—Periodically at 3-month intervals

Q. HOW IS AN INSPECTION LOT DEFINED?

A. For Class B devices, each inspection lot shall
consist of microcircuits of a single device
type, in a single package type and lead finish,
or may consist of inspection sublots of sev-
eral different device types, in a single pack-
age type and lead finish, defined by a single
detail specification. Each inspection lot shall
be manufactured on the same production
line(s) through final seal by the same produc-
tion techniques, and to the same device
design rules and case with the same material
requirements, and sealed within the same
period not exceeding 6 weeks.

Q. WHAT IS NATIONAL SEMICONDUCTOR'S
COMMITMENT TO MIL-M-38510?

A. National Semiconductor is convinced that
the level of standardization offered by a pro-
gram like MIL-M-38510 is the key to long-term
military component procurement viability.
We have a corporate commitment to MiL-M-
38510. We believe that the program will be of
significant benefit in lessening the problem
of product obsolescence, for the volume pro-
vided will help to keep many key devices in
production. We believe that the program will
make possible the procurement of devices in
small quantities with reasonable lead times

on one device type or one inspec- for long-term spares or field maintenance
tion lot from each mircocircuit requirements.
group in which a manufacturer has

qualified device types (dne related National Semiconductor will continue to

maintain a broad base of line certifications

tests). and an extensive list of Class B and Class S

Group D—Periodically at a 6-month interval device qualifications. We will continue to
for each package type for which a work with the Department of Defense, con-
manufacturer holds qualifications cerned users, and other semiconductor man-

(package related tests). ufacturers to update and redefine the appli-

Different devi ithi ic famil cable specifications. We feel that this level of
itterent devices within a generic family are support is essential if MIL-M-38510 is to re-

chosen for successive quality conformance

tests until all of the devices have been sub- main the strongest standardization program

. ) . available.

jected to testing. The sequence is then re-

peated. The manufacturer must submit attri- In addition, we will continue to add capacity
butes data to DESC for all quality confor- and to build up substantial inventories of a
mance tests performed. - large spectrum of products to ensure the
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availability and the lead times that are
needed for key military programs.

National Mil/Aero Standardization
Programs

Your customer has imposed upon you re-
quirements for product reliability that you must
meet on every single component you buy. In
most cases, these requirements mandate that
you buy JAN MIL-M-38510 parts where they are
available, and that all other devices must be as
close to JAN as is achievable. We don’t consider
this unreasonable. In fact, we believe that this is
the only reasonable and intelligent approach.

To meet this objective, we designed our 883B/
RETS program around requirements that were
already imposed for the MIL-M-38510 program.*
We realize that there are many so-called stan-
dardization programs available in the market-
place which lack the compliance that you need.
Our 883B/RETS program is totally compliant. We
invite you to make this comparison between
what we offer and what you need. Our screening
flow, our 5% PDA, our quality conformance test
frequency, and the other items that you consider
important, match exactly the requirements
defined in MIL-M-38510.** If they did not, we
could not offer Total Standardization.

Standardization provides the manufacturing effi-
ciencies needed by the semiconductor manufac-
turers if they are to meet military semiconductor
needs. To the user, standardization offers the
highest guarantee of quality and reliability
through production consistency and uniformity.
The most significant benefit of standardization
to the Department of Defense, however, is that it
" ensures the availability of component level
spares to key programs with the pricing, deliv-
ery, and reliability needed for the field support
and maintenance of our key defense electronics
systems.

National’s MIL-M-38510 Emphasis

To implement this view of standardization, we
"have based  our entire approach to military
screening upon the Class S and Class B require-
ments of MIL-M-38510. We are convinced that to
do less than this would be to provide an inferior
product, one that does not meet the true needs
of the Department of Defense. Our 883B/RETS
microcircuits are processed through the most
comprehensive and compliant Class B screen-
ing program offered by any semiconductor man-

*Requirements that were subsequently incorporated into MIL-
STD-883
“*and MIL-STD-883. -

ufacturer. We have tried to emulate MiL-M-38510
to the fullest extent possible, with the same pro-
duction controls, calibration schedules, rework
and resubmission procedures, operator certifi-
cation requirements, and all of the other key ele-
ments of MIL-M-38510. The procedures that we
employ in the production of MIL-M-38510 de-
vices are used for all of the military devices we .
manufacture.

Our 883S/RETS microcircuits are processed
through a screening flow that matches the MiL-M-
38510 Class S flow exactly. Our commitment to
MIL-M-38510 Class S is such that once qualified
for a given device type we will sell that part only
as a JAN Class S part. Class S QPL listing will
result in the immediate removal from production
of the 883S/RETS version of the device.

National’s Commitment

But compliance flows are obviously meaning-
less unless the capacity is in place to support
them. We have the industry’s largest screening
capacity. Over the past few years we have rein-
vested substantial sums in additional capital
equipment in both buildings and the equipment
with which to fill those buildings. Cur Tucson,
Arizona plant was the first plant in the entire in-
dustry to be totally dedicated to the production
of military integrated circuits. We will continue
to add capacity for military assembly and test,
even during those periods when others turn
away from the military marketplace in pursuit of
what they view to be the more attractive com-
mercial market. We feel that a commitment to
the needs of the military/aerospace user com-
munity should not be based upon the conditions
encountered in the commercial marketplace. We
have no plans for other than a continued long-
term commitment to military/aerospace compo-
nent production and screening. And we will not
deviate from the highest standards of quality
and reliability in our execution of that commit-
ment. There are no shortcuts to semiconductor
reliability. It can only be achieved through rigid
adherence to established standards.

However, we also acknowledge the quite obvi-

. ous fact that through refinement and redefini-
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tion, standards are subject to change. As those
changes occur, we will update our current proce-
dures to reflect the changes that find their way
into MIL-M-38510 and MIL-STD-883. We will,
where our understanding of semiconductor reli-
ability and screening indicates the need, actively
pursue those changes that we feel will allow our
industry to provide a better product to the sys-
tems manufacturers. We will also steadfastly
resist those changes which we feel sacrifice reli
ability to the less important question of
expediency. ’ :



National’s Standard Programs

MIL-M-38510 is the key military standardization
program for ICs. National is equally committed
to the support of the requirements of the space
segment of the market for MIL-M-38510 Class S
devices. To support these needs we have estab-
lished dedicated Class S assembly and test
facilities. The realization that users could not
obtain all the device types they required through
these programs led National’'s Military/Aero-
space Products Group to the development of
‘two of the strongest and most compliant in-
house programs in the industry. National pro-
grams for 883B/RETS and 883S/RETS microcir-
cuits provide the systems manufacturer with an
easy mechanism for obtaining those devices not
listed on the MIL-M-38510 QPL. In response to
other user needs, National also developed a pro-
gram for radiation hardened devices (both
CMOS and linear), a comprehensive program for
radiation susceptibility testing for Class S
devices, and a program for the production of
)devices in leadless chip carriers (LCCs).

RETS and Burn-in

One of the primary advantages of MIL-M-38510 is
its clear definition and standardization of elec-
trical test and burn-in requirements. One of the
major drawbacks seen in the standard reliability
screening programs of “most semiconductor
manufacturers is that electrical testing is invari-
ably performed to some document that is not
available to the user. The user has the right to
know what he is buying. At National that testing
is never vague or undefined. Both in-house pro-
grams (883B/RETS and 883S/RETS) are based
upon a document called the RETS (an acronym
for Reliability Electrical Test Specification. The
RETS is a simplified but complete description of
the testing performed as part of National’s stan-
dard Rel electrical test programs, and is con-
trolled by our QA department. The burn-in cir-
cuits and electrical test parameters for the MIL-
M-38510 Class S and Class B devices produced
by National Semiconductor are defined by the
applicable detail specification.

Ordering ICs from National

Ordering National Semiconductor High Reliabil-
ity integrated circuits is very simple. National
sales offices and sales representatives can pro-
vide price and delivery information on our entire
line of JM38510 Class B, JM38510 Class S, 883B/
RETS and 883S/RETS microcircuits. A large
percentage of these devices are available from
inventory at either the factory or at one of our
many distributors.
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Ordering to Control Specifications

We also acknowledge the fact that many military
systems manufacturers must, for contractual
purposes, maintain their own specifications for
many of the devices that they purchase. We have
no objection to the use of contractor prepared
procurement specifications, for we have found
that the majority of these documents are written
in compliance with the requirements of MIL-M-
38510. Where this is true, we have found that
they are also totally compatible with our in-
house standardization programs. Where draw-
ings submitted to National differ from the
requirements outlined in MIL-M-38510, we wel-
come the opportunity to work with our custom-
ers to develop specifications which do meet the
intent of MIL-M-38510.

Where customer specifications and our 883B/
RETS product specifications correspond, we
have the ability to expedite delivery by adding
the customer part number in addition to the
basic 883B/RETS part number. Customers who
understand our program and wish to use the pro- |
gram in their parts procurement may order by
placing “M/O” after their part number on their
purchase order, thus allowing us to mark their
part number on our 883B/RETS devices without
the lengthy delay normally required for a com-
prehensive specifications review cycle. We have
tried to provide programs that offer the maxi-
mum level of flexibility within the constraints of
standardization.

Standardization is the key to cost-effective pro-
curement of high reliability semiconductor de-
vices. National Semiconductor Corporation is
committed to that standardization.

Military Processing: A Corporate Commitment

The National Semiconductor Military/Aerospace
Products Division draws upon the total re-
sources of National Semiconductor. National is
one of the world’s largest manufacturers of
semiconductor products, offering the largest
number of product types available from any sin-
gle source in the industry. This product line is
growing faster than that of any other worldwide
semiconductor manufacturer. Each new product
is carefully evaluated for possible military/aero-
space usage potential, and new product designs
must comply with the reliability and quality con-
straints required by that segment of the in-
dustry. All new product designs are targeted to
full military temperature range operation.

In addition, a dedicated Reliability Engineering
Department within the Military/Aerospace Prod-




ucts Division coordinates burn-in circuit design,
test tape development, test fixturing, support
documentation, and new product release paper-
work to ensure the earliest possible introduction

of fully compliant 883B/RETS versions of thev

new products introduced by the company.

We are able to do this well, for National is no new-
comer to this business. Founded in Danbury,
Connecticut in 1959, National acquired an entire
new management team in 1967 and moved cor-
porate headquarters to Santa Clara, California.
The new management team focused its atten-
tion on the transistor product line; and rapidly
made that line profitable. Then the company’s
talents were turned to the development of linear,
digital, and MOS integrated circuits — the
_ fastest-growing segments of the semiconductor
marketplace. Finally, an OEM representative and
distributor network was established to develop
and service a broad customer base, and facili-
ties were added around the world to provide
competitive products to worldwide markets.

The Reliability Test Department was initially
formed in 1968 and -reported at that time to the
Director of Quality Assurance. The Rel Depart-
ment developed the same rapid growth rate that
the company as a whole had shown. From a
small staff occupying several thousand square
feet in Santa Clara, these reliability test opera-
tions grew until today they employ over 3000
people worldwide. Well over 200,000 square feet
are devoted to the testing and assembly of high
reliability products. During 1981, the Military/
- Aerospace Products Group became the Military/
Aerospace Products Division. The company is
currently involved in a number of military re-
search and development programs including a
Phase | VHSIC contract.

VHSIC involvement was natural since National’s
technological leadership has enabled the com-
pany to consistently be one of the mzajor sup-
pliers of military/aerospace semiconductors.
Having continued to develop a high technology
image through the development olf Megarad
hardened CMOS and linear device types, and the
development of TRI:CODE™ logic, National is
now expanding technology frontiers in the areas
of memory, microprocessor, and data acquisi-

-tion products. As a result of all this innovation,

National has become the only company in the
entire semiconductor industry.capable of pro-
viding high reliability devices from all of the
following product lines:

linear

hybrid

CMOS logic

Megarad CMOS logic
bipolar memory

MOS RAMs

CMOS RAMs

MOS EPROMs

CMOS EPROMSs

MOS EEPROMs

data acquisition devices
standard TTL

low power TTL

low power Schottky
standard Schottky
interface devices

bipolar microprocessors
MOS microprocessors
CMOS microprocessors
COPS™ microcontrollers
high-speed CMOS Schottky
advanced low power Schottky
advanced Schottky

National Semiconductor has wafer.fabrication
plants in Santa Clara, California; Salt Lake City,
Utah; Arlington, Texas; and Danbury, Connecti-
cut. Many of these fabrication plants, along with
our assembly and test lines in Santa Clara, Cali-
fornia and Tucson, Arizona, have been fully certi-
fied for the production of Class S and Class B
MIL-M-38510 circuits.

To support the requirements of the Class S mar-
ketplace, we have our own SEM and radiation
testing facilities. Our screening capabilities are
backed up by one of the most extensive failure
analysis labs in the industry.

National is the leader in the military/aerospace
integrated circuit market. We have achieved that
leadership by offering an unmatched combina-
tion of technology, product breadth, under-
standing, commitment and capacity.

REFER TO THE RELIABILITY HANDBOOK FOR LIST OF PARTS AVAILABLE



883B/883S/RETS Screening Flows

WAFER FABRICATION &
DEVICE ASSEMBLY

PRECAP VISUAL INSPECTION
MIL-STD-883 METHOD 2010
CONDITION B

SEALING

STABLILIZATION BAKE
MIL-STD-883 METHOD 1008
CONDITION C
A
TEMPERATURE CYCLING
MIL-STD-883 METHOD 1010
CONDITION C
i
CONSTANT ACCELERATION
MIL-STD-883 METHOD 2001
CONDITION E (Y1 ONLY)
i
FINE LEAK TEST
MIL-STO-883 METHOD 1014
CONDITION A OR B

|

GROSS LEAK TEST
MIL-STD-883 METHOD 1014
CONDITION C
Y
INTERIM ELECTRICALS AT
+25°C DC PER RETS
(AT MANUFACTURER'S OPTION)

BURN-IN TEST MiL-STD-883
METHOD 1015. CONDITION A, B,
C OR D. 160 HOURS AT 125°C
OR EQUIVALENT
—T

INTERIM ELECTRICALS
25°C DC PER RETS
PDA=5%

FINAL ELECTRICAL TEST
PER NSC RETS
+125°C. -55°C DC
(INCLUDES FUNCTIONAL

TESTS) +25°C AC

QUALITY CONFORMANCE TESTING
GROUP A — EACH SUBLOT
GROUP B — EACH LOG

GROUP C — EVERY 90 DAYS PER
MICROCIRCUIT
GROUP

GROUP D — EVERY 6 MONTHS
PER PACKAGE TYPE

EXTERNAL VISUAL
MIL-STD-883 METHOD 2009
NATIONAL OFF-THE-SHELF
INVENTORY PROGRAM

Screening Flow

FIGURE 1. National’s 883B/RETS Class B
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N o

w

»

@ o

~

TES:

. ALL METHODS REFERENCED ARE MIL-STD-883 TEST METHODS.
. THESE TESTS ARE PERFORMED ON A SAMPLE BASIS ALL OTHER

TESTS ARE PERFORMED 100%.

. ACCEPTANCE CRITERIA SHALL BE IN ACCORDANCE WITH

MIL-M-38510.

. THE PDA FOR STATIC | AND STATIC 1l BURN-IN SHALL BE 5%

TOTAL.
THE PDA INCLUDES A FAILURES.

. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP 8

MAY BE PERFORMED ON-LINE.

. ALL ELECTRICAL TESTING SHALL BE IN ACCORDANCE WITH THE

APPLICABLE RETS OR THE APPLICABLE MIL-S-38510 DETAIL
SPECIFICATION.

ASSEMBLY
DIE SHEAR
TESTING

T
ASSEMBLY

BOND PULL
TESTING

100% NON-DESTRUCTIVE BOND
PULL TESTING (METHOD 2023)

PRECAP VISUAL INSPECTION
(METHOD 2010. COND_A)

SEALING

STABILIZATION BAKE
(METHOD 1008. COND. C)

TEMPERATURE CYCLING
(METHOD 1008. COND C)

CONSTANT ACCELERATION
(METHOD 2001. COND E)
Y1 AXIS ONLY
PIND (METHOD 2020) COND A
SERIALIZATION

INTERIM ELECTRICAL TEST-
25°C DC

READ-AND-RECORD
ALL PARAMETERS

STATIC I BURN-IN
24 HRS — 125°C
Vin =Vour =0

1

INTERIM
ELECTRICAL TEST
25°C DC
COMPUTE As
PDA PER NOTE 4

STATIC Il BURN-IN
24 HRS — 125°C
Vin=Vour=Vee

INTERIM
ELECTRICAL TEST
25°C DC
COMPUTE as
PDA PER NOTE 4
i
DYNAMIC BURN-IN
240 HRS — 125°C
Vin=Voyr=0 T0 Vcc
AT 100 kHz

INTERIM ELECTRICAL TEST
(POST BURN-IN) DC 25°C
PDA=5%

DRIFT () CALCULATION
FINAL ELECTRICAL TESTS

OC AT 125°C -55°C
KINCLUDING FUNCTIONAL TESTS)|
25°C AC

|

FINE LEAK TEST
{METHOD 1014, COND. B)

GROSS LEAK TEST
(METHOD 1014, COND. C).

X-RAY INSPECTION
(METHOD 2012)

QUALITY CONFORMANCE TESTS
(METHOD 5005.-GROUP A.
GROUP B. AND GROUP D)

EXTERNAL VISUAL
(METHOD 2009)

FIGURE 2. National’s 883S/RETS Class S

Screening Flow
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NOTE 2

NOTE 2

NOTE 2

NOTE 3

NOTE 7

NOTE 7

NOTE 7

NOTES 5. 7

NOTE 5

NOTE 7

NOTES 2 6




National Semiconductor Corporation

883/RETS’ PROGRAM

CERTIFICATE

OF

CONFORMANCE

TEST

INTERNAL VISUAL
STABILIZATION BAKE
TEMPERATURE CYCLING
CONSTANT ACCELERATION
FINE LEAK :
GROSS LEAK
BURN-IN
FINAL ELECTRICAL

PDA

QA ACCEPTANCE
EXTERNAL VISUAL

* RETS = REL ELECTRICAL TEST SPECIFICATION
** ALL METHODS TO CURRENT REVISION LEVELS

MIL-STD-883 METHOD*"

2010 B
1008 C 24 HRS @ +150°C
1010 C 10 CYCLES —65°C/+150°C
2001 E
1014B5x 1078
1014 C2
1015 160 HRS @ +125°C
+25°C DC PER NSC RETS
10% MAX ALLOWABLE
+125°C DC PER NSC RETS
—55°C DC PER NSC RETS
+25°C AC PER NSC RETS
LTPD SAMPLE
2009

REQUIREMENT

100%
100%
100%
100%
100%
100%
100%
100%

100%
100%
100%

100%

THIS IS TO CERTIFY THAT ALL 883/RETS MATERIALS SUPPLIED TO YOUR PURCHASE
ORDER COMPLY WITH ALL THE REQUIREMENTS, SPECIFICATIONS, AND DOCUMENTS
PERTINENT TO THE NATIONAL 883/RETS PROGRAM. ALL TEST DATA AND CERTIFICA-

TION IS ON FILE AT OUR FACILITY.

Part Number
P.O. Number
Date Code(s)

Lot Code(s)

QUALITY ASSURANCE RERPRESENTATIVE

8-12




National’'s A+ Program

A+ Program: A comprehensive program that utilizes
National's experience gained from participation in the
many|Military/Aerospace programs.

A program that not only assures high quality but also in-
creases the reliability of molded integrated circuits.

The A+ program is intended for users who cannot perform
incoming inspection of ICs or do not wish to do so, yet need
significantly better than usual incoming quality and higher
reliability levels for their standard integrated circuits.

Users who specify A+ processed parts will find that the
program:

e Eliminates incoming electrical inspection. .

o Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories.

* Reduces the cost of reworking assembled boards.
* Reduces field failures.
® Reduces equipment down time.

‘& Reduces the need for excess inventories due to yield
loss incurred as a result of processing performed at inde-
pendent testing laboratories.

The A+ Program Saves You Money

It is a widely accepted fact that down-time of equipment is
costly not only in lost hours of machine usage but also cost-
ly in the repair and maintenance cycle. One of the added
advantages of the A+ program is the burn-in screen, which
is one of the most effective screening procedures in the
semiconductor industry. Failure rates as a result of the burn-
in can be decreased many times. The objective of burn-in is
to stress the device much higher than it would be stressed
during normal usage.

Reliability vs. Quality

The words “reliability” and “quality” are often used inter-
changeably, as though they connoted identical facets of a
product’s merit. But reliability and quailty are different, and
IC users must understand the essential difference between
the two concepts in order to evaluate properly the various
vendors’ programs for products improvement that are gen-
erally available, and National’s A+ program in particular.

The concept of quality gives us information about the popu-
lation and faulty IC devices among good devices, and gen-
erally relates to the number of faulty devices that arrive at a
user’s plant. But looked at in another way, quality can in-
stead relate to the number of faulty ICs that escape detec-
tion at the IC vendor’s plant.

Itis the function of a vendor’s Quality Control arm to monitor
the degree of success of that vendor in reducing the num-
ber of faulty ICs that escape detection. Quality Control does
this by testing the outgoing parts on a sampled basis. The
Acceptable Quality Level (AQL) in turn determines the strin-
gency of the sampling. As the AQL decreases it becomes
more difficult for defective parts to escape detection, thus
the quality of the shipped parts increases.

The concept of reliability, on the other hand, refers to how
well a part that is initially good will withstand its environ-
ment. Reliability is measured by the precentage of parts that
fail in a given period of time.

Thus the difference between quality and reliability means
the ICs of high quality may, in fact be of low reliability, while
those of low quality may be of high reliability.

Improving the Reliability of Shipped Parts

The most important factor that affects a part’s reliability is
its construction: the materials used and the method by
which they are assembled.

Reliability cannot be tested into a part. Still, there are tests
and procedures that an IC vendor can implement which will
subject the IC to stresses in excess of those that it will en-
dure in actual use, and which will eliminate marginal, short-
life parts.

In any test of reliability the weaker parts will normally fail
first. Further, stress tests will accelerate, or shorten, the
time of failure of the weak parts. Because the stress tests
cause weak parts to fail prior to shipment to the user, the
population of shipped parts will in fact demonstrate a higher
reliability in use.

National’s A+ Program

National has combined the successful B+ program with the
Military/Aerospace processing specifications and provides
the A+ program as the best practical approach to maxi-
mum quality and reliability on molded devices. The following
flow chart shows how we do it step by step.

|
%

SEM

Randomly selected wafers are taken from produc-
tion regularly and subjected to SEM analysis.

Epoxy B Processing for All Molded Parts

At National, all molded semiconductors, including
ICs, have been built by this process for some time
now. All processing steps, inspections, and QC

products. (A reliability report is available that gives,
in detail, the background of Epoxy B, the reason for
its selection at National, and reliability data that
proves its success.)

Six Hour, 159°C Bake

This stress places the die bond and all wire bonds
into a combined tensile and shear stress mode, and
helps eliminate marginal bonds and electrical con-
nections.

Five Temperature Cycles (70°C to 100°C)
Exercising each device over a 100° temperature
range provides an additional die and package
stress.

monitoring are designed to provide highly reliable

8-13
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High Reliability CMOS

National’s A+ Program (continued)

High Temperature (100°C) Functional Electrical
Test .

A high temperature test with voltages applied
places the die under the most severe stress possi-
ble. The test is actually performed at 100°C-15°C
higher than the commercial ambient limit. All devic-
es are thoroughly exercised at the 100°C ambient.

Electrical Testing

Every device is tested at 25°C for functional and DC
parameters.

Burn-in Test

Each device is burned-in for 160 hours at a mini-
mum junction temperature of +125°C or under
equivalent conditions of time and temperature, as
established by a time-temperature regression curve
based on 0.96eV activation energy. All burn-in done
under steady-state conditions unless otherwise

i specified.

DC Functional and Parametric Tests

These room-temperature functional and parametric
tests are the normal, final tests through which all
National products pass.

‘ Thermal Shock Monitor
Samples from each package type
are selected at random 'each

week and submitted to cycles of
liquid to liquid thermal shock —65°C to +150°C. In
addition, samples are selected every four weeks
and subjected to 2000 temperature cycles of 0°C to
+25°C. '

Tighter-than-normal QC Inspection Plans

Most vendors sample inspect outgoing parts to a
0.3% AQL. When you specify the A+ program, we
sample your parts to a 0.035% AQL at room tem-
perature and 0.05% AQL at Tp Max. This eight
times tightening (from 0.3 to 0.035% AQL) coupled
with three 100% electrical tests, dramatically re-
duces the number of “escapes’” and allows us to
guarantee the AQLs listed below.

Ship Parts

Here are the QC sample plans used in our A+ test pro-

gram:

Test
Electrical Functionality
Parametric, DC
Parametric, AC
Electrical Functionality
Parametric, DC
Mechanical
. Critical

Major

Temperature AQL
25°C } o
25°C 0.035%
25°C 0.1%

At each temperature } 0.05%
extreme.

- 0.01%

—_ 0.28%

8-14
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National’s B+ Program

B+ Program: a comprehensive program that assures high
quality and high reliability of molded integrated circuits.
The B+ program improves both the quality and the reliabili-
ty of National’s digital, linear, and CMOS Epoxy B integrated
circuit products. It is intended for the manufacturing user
who cannot perform incoming inspection of ICs, or does not
wish to do so, yet needs significantly-better-than-usual in-
coming quality and reliability levels for standard ICs.
Integrated circuit users who specify B+ processed parts
will find that the program:
o Eliminates incoming electrical inspection.
® Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories.

® Reduces the cost of reworking assembled boards.

- & Reduces field failures.
* Reduces equipment down time.
Reliability Saves You Money
With the increases population of integrated circuits in mod-
ern electronic systems has come an increased concern with
IC failures in such systems.
And rightly so, for at least two reasons.
First of all, the effect of component reliability on system
reliability can be quite dramatic. For example, suppose that
you, as a system manufacturer, were to choose an IC that is
99 percent reliable. You would find that if your system used
only 70 such [Cs, the overall reliability of the system’s IC

portion would be only 50 percent. In other words, only one
out of two of your systems would operate. The result? A

system very costly to produce and probably very difficult to

sell.

Secondly, whether the system is large or small you cannot
afford to be hounded by the spectre of unnecessary mainte-
nance costs. Not only because labor, repair, and rework
costs have risen—and promise to continue to rise—but also
because field replacement may be prohibitively expensive. If
you ship a system that contains a marginally-performing IC,
an IC that later fails in the field, the cost of replacement may
be—literally—hundreds of times more than the cost of the
failed IC itself.

Improving The Reliability of Shipped Parts

The most important factor that affects a part’s reliability is
its construction: the materials used and the method by
which they are assembled.

Now, it's true that reliability cannot be tested into a part.
Still, there are tests and procedures that an IC vendor can
implement, which will subject the IC to stresses in excess of
those that it will endure in actual use, and which will elimi-
nate most marginal, short-life parts.

In any test for reliability the weaker parts will normally fail
first. Further, stress tests will accelerate, or shorten, the
time to failure of the weak parts. Because the stress tests
cause weak parts to fail prior to shipment to the user, the
population of shipped parts will in fact demonstrate a higher
reliability in use. -

Quality Improvement

When an IC vendor specifies 100 percent final testing of its
parts'then, in theory, every shipped part should be a good
part. However, in any population of mass-produced items
there does exist some small percentage of defective parts.

One of the best ways to reduce the number of such faulty
parts is, simply, to retest the parts prior to shipment. Thus, if
there is a one percent chance that a bad part will escape
detection initially, retesting the parts reduces that probability
to only 0.01 percent. (A comparable tightening of the QC
group’s sampled-test plan ensures the maintenance of the
improved quality level.)

National’'s B+ Program Gets It All Together

We've stated that the B+ program improves both the quali-
ty and the reliability of National's molded integrated circuits,
and pointed out the difference between those two concepts.
Now, how do we bring them together? The answer is in the
B+ program processing, which is a continuum of stress and
double testing. With the exception of the final QC inspec-
tion, which is sampled, all steps of the B+ process are
performed on 100 percent of the program parts. The follow-
ing flow chart shqws how we do it, step by step.

SEM

Randomly selected wafers are taken from produc-
tion regularly and subjected to SEM analysis.

Epoxy B Processing for All Molded Parts

At National, all molded semiconductors, including
ICs, have been built by this process for some time
now. All processing steps, inspections, and QC
monitoring are designed to provide highly reliable
products. (A reliability report is available that gives,
in detail, the background of Epoxy B, the reason for
its selection at National, and reliability data that
proves its success.)

Six Hour, 150°C Bake

This stress places the die bond and all wire bonds
into a combined tensile and shear stress mode, and
helps eliminate marginal bonds and electrical con-
nections. ‘

| . High Temperaturé (100°C) Functional Electrical
Test )

A high temperature test such as this with voltages
applied places the die under the most severe stress
possible. The test is actually performed at 100°C-

Five Temperature Cycles (70°C to 100°C)
Exercising each device over a 100° temperature
range provides an additional die and package
stress.

8-15
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High Reliability CMOS

National’s B+ Program (continued)

15°C higher than the commercial ambient limit. All
devices are thoroughly exercised at the 100°C am-
bient. (Even though Epoxy B processing has virtual-
ly eliminated thermal intermittents, we perform this
test to ensure against even the remote possibility of
such a problem. Remember, the emphasis in the
B+ program is on the elimination of those margin-
ally-performing devices that would otherwise lower
field reliability of the parts.)

DC Functional and Parametric Tests

These room-temperature functional and parametric
tests are the normal, final tests through which all
National products pass.

: ) Thermal Shock Monitor
) Samples from each package type are
selected at random each week and

submitted to 100 cycles of liquid to liq-
uid thermal shock —65°C to +150°C.
In addition, samples are selected every
four weeks and subjected to 2000 tem-
perature cycles of 0°C to +25°C.

Tighter-than-normal QC Inspection Plans

Most vendors sample inspect outgoing parts to a
0.3% AQL. When you specify the B+ program, we
sample your parts to a 0.035% AQL at room tem-
perature and 0.05% AQL at Tao Max. This eight
times tightening (from 0.3 to 0.035% AQL) coupled
with two 100% electrical tests, dramatically reduc-
es the number of “escapes” and allows us to guar-
antee the AQLs listed below.

Ship Parts

Here are the QC sampling plans used in our B+ test pro-
gram:

Test Temperature . AQL
Electrical Functionality - 25°C }
Parametric, DC 25°C - 0035%
Parametric, AC 25°C 0.1%
Electrical Functionality At each temperature }
. 0.05%
Parametric, DC extreme.
Mechanical
Critical : ' - 0.01%
Major — 0.28%
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24 RELIABILITY REPORT

ALS CHARACTERISTICS AND PROCESS OVERVIEW

The primary reasons for the popularity of LS logic circuits are:
—Improved speed-power product
—Excellent reliability
—Functional equivalency with older TTL products

The LS family was developed to meet the needs of system designers through the 1970s and 1980s, with regard
to reduced propagation delays and power dissipation.

The Advanced Low Power Schottky (ALS) family was designed to meet the needs of the next generation of
systems. These systems will require higher performance than is currently available with standard Low Power
Schottky.

The ALS family offers the system designer the next generation state-of-the-art digital products. ALS devices
operate at one-half the propagation delay and one-half the power of the LS family circuits.

The ALS family is also backed by National’'s commitment to be an industry leader in quality and reliability, a
commitment that National takes very seriously!

The Key Features of the ALS Family Are: ‘ Key Physical Features Are:
- 1. Improved propagation delay (50% of LS) 1. Oxide isolation
2. Improved power dissipation (50% of LS) 2. Walled emitters
3. Improved input characteristics ) 3. 2.5 micron emitter widths
—PNP inputs for reduced I, current (Fan-In) .
—ESD protection 4. lon implanted

—Thresholds typically 1.4 volts 5. 5 GHz Ft transistors
4. Improved line driving capability

5. Reduced supply current spikes

ALS LS IMPACT

Oxide isolation Junction isolation Reduced capacitance
Smaller geometries
Improved propagation

Implanted transistor Diffused transistor Shallow junctions
' Improved uniformity
. Lessthermal damage

Composed geometries "Non-composed Self-alignment

Thin EPI Thick EPI Reduced capacitance
: Improved propagation

Nitride passivation . Improved reliability

"A/C Spec A/C Spec

Full temperature range 25 degrees

Full Vg range 5.0 volts

50 pF load 15 pF load

DM74ALS V¢ DM74LS V¢

45t0 55V 4.75t0 5.25V
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2 RELIABILITY REPORT

Cross Sectional View of the ALS Process:

Emitter

" Schottky Base Emitter Collector Oxide
Barrier Base Metal Metal [_ Metal
Diode ]
— -

14 I
p+ o (04 ")
. Oxide Oxide
Oxide o L'H- Isolation | isolated
Isolation n Epitaxial Layer Transistor

n+
Collector \
Channel Channel
Stop p Substrate : - / Stop

Top View:
. ]

Junction Oxide

Isolated Isolated

I r !

r A
SchottkyI Schottky }
Base I Emitter Base-I; X Emitter
) ry
L .

— |t
T Collector ¥ Collector

L= |
LS o ALS
L] . ]
4.68 mil2 Device Area 2.03 mil?
0.67 mil2 . Base Area 0.24 mil?
0.16 mil2 Emitter Area 0.03 mil2

® Reduced geometry
® Walled emitter

e Low capacitance

¢ Improved speed
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24 RELIABILITY REPORT

Typical Circuit Schematic:

Vece

goxn ooxngsxn 260

Resistor Values ((}) =

Protection from Negative Transients:

The high transition rates associated with oxide-isolated logic families can generate a -2.5V reflection when
terminated into a high impedance. V

Schottky clamp diodes are provided on both the input and outputs of all devices to limit such reflection. Clamp
diodes may have to handle peak currents of 30 to 60 mA. Substrate junctions will become forward biased at
these currents.

If substrate junction becomes forward biased, it is possible to produce parasitic transistor action which can
cause functional or parametric problems during the time span of the reflection.
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24 RELIABILITY REPORT

Parasitic Failure Modes:

Adjacent Input

Internal Negative Current
Transistor Collector Transient or Output
l n Epi 1 Oxide [ l nEpi Oxide ( pi l
Isolation Isolation
n+ o R n+ R T n+
] ! ]
1 1 1 ]
1 | | |
A__P[_é &TA
— p Substrate

Parastic transistor to adjacent input can cause input leakage far in excess of I, spec.

Parasitic transistor to internal collector can cause outputs to change state and flip-flops to change state.

Transient Protection:

Input or
Output

p Substrate

Inthe case of ALS devices, transient protectlon is provided by a grounded buried n* ring on all input and output
ep| islands. .
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7 RELIABILITY REPORT |

‘Improved Input Characteristics:

Av4
Av4

Equivalent Input Circuit

ALS

® PNP inputs for reduced input current typical I of -10 uA
¢ Two diode equivalent input threshold typically 1.4V
e ESD protection :

Improved Input Threshold:

4 : Vce = 5V
Ta = 25°C
\\ \ lon Applied:
S 3t AS804A =50 (to GND
" LS04/ALS04 - 6 k(to GND
o ALS37 (ALS1000) - 6 k( to GND
s ,
°
> L0
L4
5 LS04/ALS04/ALS37
2 LS04 LS (Al.swpm
', ' 'AS804A
s 1
1 1 ,‘ " J
0 0.5 1. 1.5 2 , 2.5

Vo — Output Voltage (V)

Transfer Function (Room Temperature)
&
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Improved Lower Output Characteristic:

.&. 180 B ‘ AS
§_ -
= .
g 140 -
=
5 L
(3] . .
E 100 - Schottky
N ey
" n
=
2 60| ALS
=
- - (] »
| — — — LS
o 20
[=]
- 1 1 ] 1 L1
0 1.0 2.0 3.0

Vo — Output Voltage (V)

'Feedback Diode D3 provides additional base drive for output transistor

Darlington Upper Output Characteristic:

4r
s
- x
g8 3f )
- AS Bus Driver Outputs
s Vec =5V (AS804A)
= Ta = 25°C ‘
2
I 2r
5
g AS/ALS Standard
g and Buffer Outputs
| 1 (ASO00, ALS04)
4
o
>
i | 1 | ! | 1 1 | 1 | 1 ]
o 20 40 60 80 100 120 140 160

loy — Output High Current (mA)
Output High Characteristics
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Reliability Test Results:

Accelerated operating life testing at elevated temperatures is a principal method of simulating long-term
operation within a short period of time. This method is particularly useful because it provides a means of
accelerating time-to-failure of temperature-sensitive failure mechanlsms As a result, data is gathered for
failure rate predictions at any operating field ambient.

The following tests have been conducted at an ambient temperature (T,) of 150°C with devices biased at a
maximum voltage of 5.5 volts. Complete functional and parametric testing to data sheet specifications was
performed at reported data points. .

TABLE I.
150°C High Temperature Bias Reliability Test Results -

NO. DATE RESULTS REL.

DEVICE LEADS CODE - 168 Hours 500 Hours 1000 Hours LOT NO.

DM74ALSOON - 14 8228 0/83 0/83 0/83 22128

DM74ALS04N - 14 8235 0/90 0/90 0/90 22188

DM74ALS373N 20 8237 0/100 0/100 0/100 22192

DM74ALS137N . : 16 8239 0/90 0/90 0/90 22214
Total: 0/363 0/363 0/363

Total device hours ét 150° C: 363,000; Actual Failure Rate = 0/363,000 device hours.

Table 2 shows failure rates calculated with 60% confidence at stress and at two different temperatures
and activation engeries. .

TABLE Il
) FAILURE RATE AT CALCULATED FAILURE RATE AT
DEVICE ACTUAL NO. STRESS, 150°C  ACTIVATION 125°C 85°C
HOURS OF REJECTS %/1k HRS. PPM ENERGY,eV | %/1kHRS. - PPM | %/1k HRS. PPM
363;000 0 0.25 25 0.4 0.126 1.26 0.034 0.34
363,000 0 0.25 2.5 0.99 0.045 0.45 0.0018 0.018

The above data can be further extrapolated to-lower temperatures at different activation energies, as
illustrated in the graph on the following page showing failure rate in %/1000 Hrs. and PPM units.
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Temperature Humidity Bias Test

The Temperature and Humidity test involves stress levels considerably in excess of the field-use levels
encountered by a device. The test is intended to trigger moisture-related failure mechanisms occurring
over a period of months or years in the field. '

These tests have been conducted atan ambient temperature (Tp) of 85°C and arelative humidity of 85%.
Complete functional and parametric testing to data sheet specifications is performed at reported data

Actual Failure Rate = 0/466,000 device hours.

0/466

points.
TABLE lIl.
85°C/85% RH Temperature Humidity Bias Test Results

NO. DATE RESULTS REL.
DEVICE LEADS CODE 168 Hours 500 Hours 1000 Hours LOT NO.
DM74ALSO0ON 14 ‘8228 0/100 0/100 0/100 22128
DM74ALS04N 14 8235 0/100 0/100 0/100 22188
DM74ALS373N 20 8237 0/66 0/66 0/66 22192
DM74ALS137N 16 8239 0/200 0/200 0/200 22214

Total: 0/466 0/466

Conclusion

Reliability performance of ALS products in Epoxy B molded packages on accelerated reliability tests is ‘
excellent and will insure field reliability performance under the most adverse applications.

8-26




72 RELIABILITY REPORT B

High Temperature Bias Test Burn-In Circuits:

+55V
1 ~ 20
27k J 5.10) +55v ] 19
VA 1 14— —
27k0 27k 3 18
wAv—]2 13 AW . =
27k 27k -] —
VWV 3 12 VWV 5] 16
27k 7k Top
wWA—] s _OP1a gl AAA 4 51 vew S
27k} TOP VIEW 27k} 1 14
WA—] 5 10 f—AMA
8 13
27k 27k -— —
VWV 6 9 VA, 9] 12
27k
= DM74ALS00 = DM74ALS3T3
B DM74ALS04
DM74ALS137

Temperature Humidity Bias Test Burn-in Circuits:

j +5.5V T +5.5V +5.5v +55v

1] N 6 — A\ 2
1 = 14 ) 7 14 -2 15 -2 19
2 13 2] 13 3 14 3 18
_3] 12 3 12 , 4 ors P 4 |
TOP TOP 5} TOP VIEW 12 5 TOP 16

1 vew P A ovew P p » B A P
5 10 5 10 — — - —

I 7 10 7 14

_6] 9 _s} 9 - 10 1 e

8 9 8 13

7 8 7 8 = — —
— — 1 — 9 12
-1 |12,

.I:_o N

= DM74ALS00 = DM7aALS04 = DM74ALS137 = DM74ALS3T3
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Thermal Ratihgs forIC’s

Thermal Ratings for IC’s

MAXIMUM POWER DISSIPATION

To insure reliable long term operation of its Integrated Cir-
cuits, National Semiconductor has specified maximum junc-
tion temperature (Tj) limits. These limits are at 150°C for
circuits packaged in a molded dual-in-line package (Epoxy
B), and 175°C for all other package types.

Maximum power dissipation (Pp) of an integrated circuit is
limited by maximum allowable junction temperature of the
silicon die, and thermal resistance (f-x) of the package.
Figure 1illustrates the relationship between power dissipa-
tion and junction temperature.

The line indicating “Maximum Power Rating of Package” is
projected from the maximum junction temperature limit
(150°C in this example) at a slope corresponding to the
package thermal resistance (1/0j-x). Below this line is the

safe operating area of the device. Additional constraint
are Maximum Power Dissipation and Maximum Operatin
Temperature (Tp). These parameters may be determine:
from device data sheets. For this example, Pp(MAx) = 30!
mW and To(MAX) = 70 °C. .

Point “A” in Figure 1 is an operating point corresponding t¢
TA = 50°C and Pp = 100 mW. Determine device junctiot
temperature by projecting a line from point “A”, parallel tc
the Maximum Power Rating curve, until it intersects the
horizontal axis. Tj is determined from the point of intersec
tion with the horizontal axis. For this example, Tjis 45°C.

THERMAL INFORMATION

Figure 2 illustrates thermal resistance characteristics foi
Integrated Circuit packages.
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< 04 &
g - 0’”"’0@ ’
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o] AN
g €2 i
= A
0.1 I
0
0 25 50 15 100 125 150 175
TEMPERATURE ( C)
FIGURE 1. Power Dissipation vs Temperature
1.8 .
yx (L CwW)
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2 G IO 8 1”2 100
/oo H(TO &) 8 200
14 s | JiLoIP s 80 |
: So N ihloldeds 19,16 120 -
% e 140
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s 1.2 - /00,0 (6‘ 8 90 . 1
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oy, (4
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g ) L
£ 06 N
"’//rg,,
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04 ¢l >
N "9)
0.2
0
0 25 50 75 100 125 150 175 200
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FIGURE 2. Maximum 6j-x Values for IC Packages
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idustry Package Cross Reference Guide

NSC Signetics | Fairchild | Motorola T AMD

(DM) (1) (N) - (SN) (SN) (AM)
Glass/Metal F Q F F F. S - F
Flat-Pack
14 and 16-Lead
Low-Temperature J F R, D U J
Ceramic DIP
14 and 16-Lead N v, B TP P P, N PC
Plastic DIP
Low Temperature
Glass Hermetic w F F w FM

Flat Pack

Note 1: Denotes common suffix for logic products.
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"Physical Dimensions

National
Semiconductor

all dimensions are in inches (millimeters)
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Physical Dimensions
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