



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DT1050/DT1053

Crystal Circuit Information

Typical Crystal Oscillator Network ’ External Clock Input (4.0 MH2)
VoD SPC
v SPC
0D -
A VIHX
0 .
' P ! CIRCUIT ViLx
—L EXTERNAL _1 L
’ I O ::m [—JCRYSTAL cLock——
<
= aAn 2 a 70 = Timing Min Units
T R . 7 CIRCUIT tx4 100 ns
. TCZ XL 100 ns
== Crystal R1 R2 c1 c2 )

40MHz 1M 15k 10-30 pF 40-60 pF
(4.0 MHz crystal manufactured by Electro Dynamics Corp. P/N HC18-20 pF)

SPC Block and Connection Diagrams

CONTROL
swi1-8—p| REGISTER g BT »  mux | ADRO-13
REGISTER
i A
PHONEME
ROM :
—p Mux »
DATA1-B | Recister ,
DMOD GAIN AND
O e DATA FREQUENCY
REGISTER REGISTER
oMoD procRAMMABLE [ 0S¢V
5 —P] »| oecoper FREQUENCY
- GENERATOR > 0SC OUT
WR— CONTROL ] l |
s —b LOGIC ROMEN
D/A
INTR 4— } CONVERTER SPEECH OUT
PROGRAMMABLE
GAIN
AMPLIFIER
Dual-In-Line Package Dual-In-Line Package
2
05C (N—] -’ 1% Voo n 4 U 2% Ve (4.75V-5.25V)
0SC 0UT— |— sPEECH OUT A6 =2 123 8
&5 — |— ADR 13 (MSB)
WR 7. ADR12 3 22
iy e A5 — =]
ROMEN =] b= ADR 11 . -
INTR ——f L35 noa10 A8 — L— A12
CMS =t | — ADR 9 5 20
sws (use)—] 132 Aon s A3 — [— CS1(A13)
Ty SPC o AOR7 a2 =4 MMs2160* 19 At
e T (amsat04) [ aome o
—— 7 AND 18
swe 12 I M— SSR2 A
Swa -T; p=—= ADR 4 . “
w3 T \l ADR 3 AD — b 08
w2 — |— apR2 o s,
SW 1 (LSB)=—=1 l— ADR1 |
RDATA 0 (LSB) == |— ADRO (LSB) NI 15 0
'RDATA 1=t R RDATA 7 (MSB)
RDATA 2 == = RDATA 6 03 M 14 e
RDATA 3 == |— RDATAS 2 u
Vss = ' = RDATA 4 GND — . — 04
TOP VIEW ' TOP VIEW

* For specific ROM device information, see MM52164 data sheet.
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6L-€l

V-11V_(REGULATED) _ )
0
o
sV C a
REGULATOR * LM346 or equivalent 3
GND < 9.1k
S .
| :, 620k (1]
= =
0.1 uF 0.1 4F %
o *
= = (2]
=
= s
Vgg =5V
20 39 ce D
15/ 25 |4
—]swise Ao -
'% w2 M s
—{sw3 A2
WORD | 42 28 9.
ADDRESS { = SW4 A3 o
weuts | I ows sl
10 30 «Q
—swe A5 -
9 31 o
— L
——1 sw 8 (ms8) A7 3
] 33
— WA o,
-—;cms )
—{Ts a2
—He AN
5
— ROMEN A1z
A3
1| 2| 3] & s| s 7] 8 zulz11519:zz:1234557n
SPC AT A6 A5 A4 A3 Az A1 A0 |24 TS A2 Al AID A3 AS A7 A6 A5 A4 A3 AZ Al AD | g
— 12 —t—
SSR1 0.1 uF SSR2 0.1 4F
D708 _-.I.: -[_ DI D2 D3 D4 D5 D6 D7 DB I
, ] 17 9] w[ n| 13| a] 18] 16] 17
. RDATA1
1
RDATA2
18
RDATA 3| -
RDATA J
RDATA 5|25
RDATAG Z —
RDATA7
noaTABfE
2 _Eo 1
< —
S5k =
™
AAA
W
4 MHz
il
“T T

€50110/0501LA




DT1050/DT1053

Applications Information .

Frequency Response of Combined Ampiifier énd Speaker

0 T T
71 SN 20 dB/DECADE
/ N7 NOTE?
‘// §~:\'~n
~ / \ 60 dB/
g -2 o NOTE 3
= Y \\ 7
B Vah NS
© I
; w /] 40 dB/DECADE \\\ V.
5 NOTE 2 | NN
= N
w -40 \\
\
-60
10 100 1K 10k

FREQUENCY (Hz)

Note 1: This curve is the desired response of the entire audio system including speaker.
Minimum response is a low pass filter with a cutoff frequency of 200 Hz. For an audio system
with a natural cutoff frequency around 200 Hz, this filter can be eliminated. This cutoff fre-
quency may be tuned for the particular voice being synthesized. For a low pitched male voice
it may be 100 Hz, while for a high pitched female or child’s voice it might be 300 Hz.

Note 2: This is optional filtering that can be eliminated by proper selection of the speaker. If
this 2 pole response is electronically produced, it should be adjusted as described in Note 1.
Note 3: This is optional filtering that can be eliminated for simpler systems. The acceptable
range for this cutoff frequency is 6000 Hz-8000 Hz.

Typical Applications (continued)
DIGITALKER System Using COP420 Interface

V-1V »| REGULATOR
= Vee=5vV.
Vee Voo Vee
<P 60 LPORT P sw 1-8 RD‘:TA: < DATA o0
<+—Pp|G1 SPC $|ADDR  ROM
—>c MM54104 »los  MMS26
svstem | oo n > WA v
1o coPa20 D2 SES i 5
—> o ¢ J_
- 00 —»|Ts ADR13 L
___L 2 IN3je¢ INTR SPEECH |— [
oK Vee Vee
v osc o ose LI
s ouUT_ Vss N ol aoor row
L plcs  mszise
- S Vss
b
I3
FILTER
_ > AND
_-E' 1 aweuikier

Minimum Filter Circuit

SPEECH OUT 0.1 uF

(FROM SPC) R | |

c

200Hz= — —-l_-_ _J: =
: - I |

SPEAKER

T RC

* LM346 or equivalent




Typical Applications (continued)

Filter Circuit to Produce Maximum Frequency Response

Vo

SPEECH OUT
(FROM SPC)

SPEAKER

1
27 R1C1
1

7000Hz =

200Hz=

1

"~ 2wR2C2

1 1

27 R3C3
* LM346 or equivalent

DIGITALKER System Utilizing MICROBUS™ Interface

27 R4C4 27 R5C5

Low Power Configuraticn Using Static ROM

i

Vss Vee

5V
7-11v I REGULATOR I -1V REGULATOR
& '—————_—_——_-—___‘l
Voo Vss Vss vee | |
oy N '
DDRESS BUS
Py LI ADR O-13fmtt [
Bl A | plows  SPC ROATA1- |qmeminis SPEECH | | miemavken |
KT
SleB e ivre MMS4104 |
s 1 ]
' 71 “speech osc 0sC I ‘
3 | ouT
o L — — =
N >
b3
>
1
p
|]|-4»

SPEECH
ROM
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DT1051/DT1054

National
Semiconductor

DIGITALKER ™ Speech Synthesis

DT1051/DT1054 DIGITALKER™ Speech Evaluation Kit

General Description

The DIGITALKER™ is a speech synthesis system con-
sisting of several N-channel MOS integrated circuits. It
contains a speech processor chip (SPC) and speech ROM
and when used with external filter, amplifier, and speaker,
produces a system which generates high quality speech
including the natural inflection and emphasis of the
original speech. Male, female, and children’s voices can
be synthesized.

The SPC communicates with the speech ROM, which con-
tains the compressed speech data as well as the frequen-
cy and amplitude data required for speech output. Up to
128k bits of speech data can be directly accessed.

With the addition of an external resistor, on-chip de-
bounce is provided for use with a switch interface.

An interrupt is generated at the end of each speech se-
quence so that several sequences or words can be
cascaded to form different speech expressions.

The DT1051 is a standard DIGITALKER kit encoded with
18 separate and addressable phrases. The phrases lend
themselves to a variety of products, but are primarily for
demonstration purposes, portraying DIGITALKER's
unique ability to produce high quality male, female, or
child’s voices.

The DT1051 demonstrates the effects of digitizing com-
plete phrases as opposed to individual words at single

addresses. Complete phrases produce very natural and
highest quality speech, much like a tape reeording of a
phrase or sentence.

Features

B COPS™ and MICROBUS™ compatible

B Designed to be easily interfaced to other popular
microprocessors

W 18 addressable high quality phrases

B Naturalinflection and emphasis of original speech
B Addresses 128k of ROM directly

B TTL compatible

||

On-chip switch debounce for interfacing to manual
switches independent of a microprocessor

B |nterrupt capability for cascading words or phrases
B Crystal controlled or externally driven oscillator

W Available in complete kit (DT1051) or speech ROMs only
(DT1054)

Applications
B Telecommunications B Consumer products
B Appliance B Clocks

B Automotive
B Teaching aids

B Language translation
B Annunciators

DT1051 Vocabulary*
sv?,’ge Address‘sAH Message Voice sveg'e Address‘; 1 Message Voice
00000000  BASSON MUSIC N/A 00001001  CHECK OIL LEVEL MALE
00000001  THIS IS NS DIGITALKER FEMALE| 00001010  CHECK COOLANT LEVEL MALE
00000010  THE TIMEIS 8:43 PM FEMALE| 00001011  CHECK FUEL LEVEL MALE
00000011  EMERGENCY, CALL 911 FEMALE| 00001100  DOOR OPEN MALE
00000100  SELECT TEMPERATURE FEMALE| 00001101  DEFROST’ MALE
00000101 SELECTCOOKINGTIME = FEMALE| 00001110  GOING UP MALE
00000110  THE NUMBER YOU MALE 00001111  FIRST FLOOR MALE
'émﬂéi% H;:iABgEbéALL 00010000  PLEASE CALL YOUROFFICE MALE
408 737.5000° 00010001  I'MCUTE, AREN'TI? - CHILD
00000111  WARNING THE BRAKE MALE END OF VOCABULARY
FLUID IS LOW
00001000 PLEASE FASTEN YOUR MALE
: SEATBELT

* DT1051 is a complete kit including MM54104 SPC; DT1054 is SSR3 and SSR4 speech ROMs only.

“The recipient of these products’ automatically receives a non-exclusive license
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to
use such products, to or i P them into further prod-
ucts which may be covered by said patent application, or any patent or patents
issuing thereon, and to use, sell, or otherwise dispose of such products’

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available.

DIGITALKERTM, MICROBUSTM and COPSTM are trademarks of National Semiconductor Corp.
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geel

V-1V (REGULATED}

: 0.1 uF
v >-| I * | M346 or equivalent
REGULATOR

e S 9.1k 10k 0.1 uF =
l E—J > 620k -
b3 N 6 . ztlumnv "
o [tM3sE '_'—SPEAKERA

0.1 pF 0.1 4F
0.1 pF
50k
VOLUME

100

CONTROL g3 ¢ 005uF
| Vgg =5V =
a0 39 £
2
ﬁswmsm A0 -
—sw2 mpE
WORD :: swa " Z
ADDRESS { ——] SW4 A3
weuts | 1 gys a2
10 30
—swe as
) 31
-1 s
—— sw 8 (msB) a7
[l s 33
—Wr as |
—ews n —
e A0 ;:
Ul An
— romen a2
A m .
A1z
20 21 18] 19) 22} 23] 1] 2} 3] 4] s| s 7} 8 0] 21) 18] 1) 2] 23] | 2} 3] a] s} s i s
SPC TS A1Z A1l AID A) A8 A7 A6 A5 As A3 AZ A1 AD |2ig TS A1Z AIT AID A AB A7 A6 A5 A4 A3 AZ Al _“1
i ssR3 _—ﬂ-‘uFJ'-i SSRa -
= | 01 D02 03 D4 D5 D6 07 08 I_mnzmuansnsmna
] ) D S ) B B sl 1o ] 3] 4] 1s] as] 17
15 I
RDATA
RoATA 2L
18
RDATA
RoaTA 4P
RoaTA 5|2
RDATA 6|22
Roata 7|
RoaTag} 2
2 [ |1
S =
S 15k =
Sk
™
AAA
VWA~
AMHz
50pF 00

Refer to MM54104 data sheet for cémplete specifications on electrical and {iming characteristics.
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DT1052/DT1055

National
Semiconductor

DIGITALKER™ Speech Synthesis

DT1052/DT1055 DIGITALKER™ Basic Numbers Kit

General Description

The DIGITALKER™ is a speech synthesis system con-
sisting of several N-channel MOS integrated circuits. It
contains a speech processor chip (SPC) and speech ROM
and when used with external filter, amplifier, and speaker,
produces a system which generates high quality speech
including the natural inflection and emphasis of the
original speech. Male, female, and children’s voices can
be synthesized.

The SPC communicates with the speech ROM, which con-
tains the compressed speech data as well as the frequen-
cy and amplitude data required for speech output. Up to
128k bits of speech data can be directly accessed.

With the addition of an external resistor, on-chip de-
bounce is provided for use with a switch interface.

An interrdpt is generated at the end of each speech se-
quence so that several sequences or words can be
cascaded to form different speech expressions.

The DT1052 is a useful, low cost standard DIGITALKER
kit, encoded with the numbers 0 through 9, the word
point, and several silence durations, located at in-
dividual addresses. .

These numerical outputs can be applicable to many con-
sumer and industrial products where numbers are fre-
quently displayed.

Features

W COPS™ and MICROBUS™ compatible

B Designed to be easily interfaced to other popular
microprocessors

B 15 addressable expressions, including silences

B Naturalinflection and emphasis of original speech
B Addresses 16k of ROM directly

® TTL compatible

B On-chip switch debounce-for interfacing to manual
switches independent of a microprocessor

u Intérrupt capability for cascading words or phrases
B Crystal controlled or externally driven oscillator

B Available in complete kit (DT1052) or speech ROM only
(DT1055)"

Applications

m Telecommunications
W Appliance

B Automotive

B Counters

W Consumer products
B Instrumentation

DT1052 Vocabulary
Byte Address Byte Address
SW8 swiMessage | gy swi  Message
00000000 ZERO 00001000 EIGHT
00000001 ONE 00001001 NINE
00000010 TWO 00001010 POINT
00000011 THREE 00001011 20msSILENCE
00000100 FOUR 00001100 40msSILENCE
00000101 FIVE 00001101 80msSILENCE
00000110 SIX 00001110 160 ms SILENCE
00000111 SEVEN 00001111 320 ms SILENCE
“The p of these pi receives a license

under U.S. Patent Application 432,859 and any patent or patents issuing thereon to
use such products, to assemble or otherwise incorporate them into further prod-
ucts which may be covered by said patent application, or any patent or patents
issuing thereon, and to use, sell, or otherwise dispose of such products’:

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available.

* DT1052 is a complete kit including MM54104 SPC; DT1055 is MM52116SHRL speech ROM only.

DIGITALKERTM, MICROBUSTM and COPSTM are ks of

Corp.
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.Recommended Schematic Diagram

V-1V (REGULATED)

01uF

5V
REGULATOR

GND >
] Som S 10 0IkF 20 48,10V
— — < + -
= = 0
01uF - I_smxm
01 4F - .

Vg 5V =
) 3 L3
-% SW1(LSB) ) &
—Blswa ape
Y swa a2
WORD | 12 2
ADDRESS { ——1 W4 A
LU L P a2
10
—]sWe ns
9 3t
= s
— s mse o
— WA A8
T et ) |
s At0 :5
—H vt an e
sl B
— ROWEN arzf—Ne
38
A1l
zlluzuwzzn‘z ] ) ] ) ) L)
SrC A0 A3 A8 AT A6 A5 A4 A3 AZ Al AD
o " Ts cS CS A0 AS -
MMS2116SHRL/N T 0.1 4F
—-| o1 02 D3 D4 D5 D6 D7 DB =
3] 0] n] i3] 1] 5] ]
18
RDATA1
RDATA ': -
ADATA 3
RDATA
21
RDATAS
RDATA 622 ,
noaTA 7P N
- .
RoATA 8PS LM346 or equivalent
2 _Eo 1
< —
> -
15k
‘b
™
AA
VWV
4 MHz !
il
50 pF T 20pF

Refer to MM54104 and MM52116 data sheets for complete specifications on electrical and
timing characteristics.
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DT1056/DT1057

1 National
Semiconductor

DIGITALKER ™ Speech Synthesis

DT1056I,DT1057: DIGITALKER™ Standard Vocabulafy Kit

| General Description -

The DIGITALKER™ is a speech synthesis system con-
sisting of several N-channel MOS integrated circuits. It

| contains a speech processor chip (SPC) and speech ROM

and when used with external filter, amplifier, and speaker,
produces a system which generates high quality speech
including the natural inflection and emphasis of the
original speech. Male, female, and children’s voices can
be synthesized. : .

'| The SPC communicates with the speech ROM, which con-

tains the compressed speech data as well as the frequen-
cy and amplitude data required for speech output. Up to |
128k bits of speech data can be directly accessed.

With the addition of an external resistor, on-chip de-
bounce is provided for use with a switch interface.

An interrupt is generated at the end of each speech se-
quence so that several sequences - or words can be
cascaded to form different speech expressions.

The DT1056/DT1057 is a standard DIGITALKER kit en-
coded with 131 separate and useful words (see the Master
Word List Table I) and when used with the DT1050
Standard Vocabulary Kit, provides a library of 274 useful
words. The words have been assigned discrete addresses,
making it possible to output single words or words con-
catenated into phrases or even sentences.

The “voice” output of the DT1056/DT1057 is a highly in-
telligible male voice. The vocabulary is chosen so that it is
applicable to many products and markets.

Features

B Easily adaptable to DT1050 Standard Vocabulary Kit

B 131 useful words

W COPS™ and MICROBUS™ compatible

"W Designed to be easily interfaced to other popular

microprocessors

B Naturalinflection and emphasis of original speech

B Addresses 128k bits of ROM directly

B TTL compatible

B On-chip switch debounce for interfacing to manual
switches independent of a microprocessor

B Interrupt capability for cascading words or phrases
B Crystal controlled or externally driven oscillator

B Available incomplete kit (DT1056) or speech ROMs only .
(DT1057)

Applications
B Telecommunications B Consumer products
B Appliance B Clocks . .

B Automotive
B Teaching aids

B [anguage translation
B Annunciators

Typical Applications

Minimum Configuration Using Switch Interface

-1V
IREGULATUR 5
3m L
< =
—_ a4
NO I 1
MOMENTARY*] . | [ Vss Vss vee I
T
Ne I ADDRESS BUS
ADR 01 .
7 1 0F 8 sHomy SPC  ROATA| DATABUS SPEECH '
swi-g 2104 ROM DIGITALKER
—n( NCH’— wrp MM KIT
1 tms |
e o0sc ost |
=+ I SPEECH IN ouT
(I J
‘b
215k
m o9
_AAA .
a; ;Hl “The recipient of these products automatically receives a non-exclusive license
under U S. Patent Application 432,859 and any patent or patents 1ssuing thereon to
* . 0_| l_‘ use such products, to assemble or otherwise incorporate them into further prod-
Single pole 2 Pf)s""’” —l—20pF 50, UCIS which may be covered by said patent application, of any patent or patents
momentary switch I I issuing thereon, and to use, sell, or otherwise dispose of such products':
**4.0 MHz crystal Electro = = Protected by U.S. Pat. No. 4124125, .M. Mozer licenses available.
\ Y
Dynamics Corp. HC18-20 pF - N
»| FlLTERAND

AMPLIFIER

| | [SPEAKER

DIGITALKERTM, MICROBUSTM and COPSTM are ks of National

tor Corp
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Absolute Maximum Ratings*

Storage Temperature Range —65°Cto +150°C Voltage at Any Pin 12V
Operating Temperature Range - 0°Cto70°C Operating Voltage Range, Vpp-Vss 7Vto 11V
Vpp-Vss 12V Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics* Ta=0°C to 70°C, Vpp = 7V-11V, Vsg = 0V, unless-otherwise specified.

'250L1d/9sok1d

Symbol Parameter Conditions Min Typ Max Units
ViL Input Low Voltage ) -03 0.8 \
Vin Input High Voltage 20 Voo \
VoL Output Low Voltage lor=1.6 mA 0.4 \
VoH Output High Voltage lon= —100 A 2.4 5.0 %
ViLx Clock Input Low Voltage -03 1.2 \
Vikx Clock Input High Voltage 55 Vob v
lop Power Supply Current 45 mA
I Input Leakage ) : +10 uA
lix Clock Input Leakage ’ : +10 A
Vg Silence Voltage V 0.45Vpp \
Vout Peak to Peak Speech Output | Vpp=11V 20 \
Rext External Load on Speecﬁ Rext Connected Between Speech 50 kQ

Output Output and Vsg

AC Electrical Characteristics™* 1,=0°c to 70°C, vpp = 7v-11V, Vs = 0V, unless otherwise specified.

Symbol Parameter Min 4 Max Units
taw CMS Valid to Write Strobe ' 350 - v ns
tesw Chip Select ON to Write Strobe © 310 ) ’ ns
taw ) Data Bus Valid to Write Strobe 50 ns
twa CMS.Hold Time after Write Strobe 50 ns
twd Data Bus Hold Time after Write Strobe 100 ns
tww Write Strobe Width (50% Point) 430 ns
tred ROMEN ON to Valid ROM Data . 2 us
twss Write Strobe to Speech Output Delay , 410 us
fy External Clock Frequency 3.92 4.08 MHz

Note: _Rise and fall times (10% to 90%) of MICROBUS signals should be 50 ns maximum.
*SPC characteristics only. ROM characteristics covered by separate data sheet for MM52164.

Timing Waveforms :
Command Sequence

Ccms . * . VALID

ﬁ—‘ Y f=— twd
DATA BUS .
(SW1-8) x VALID




DT1056/DT1057

Timing Waveforms (continued)

ROM Data Timing

ADR0-13

VALID ADDRESS

Note1: ROM Data 1-8 cangovalid any time after ADR0-13 changes, however it must be valid within the treq spec and remain valid until ROMEN goes high.

Functional Description

The following describes the function of all SPC input and
output pins.

Note: In the following descriptions, a low represents a
logic 0(0.4V nominal), and a high represents a logic 1(2.4V

‘nominal).

INPUT SIGNALS

Chip Select(CS): The SPC is selected when CS is low. It is
only necessary to have CS low during a command to the
SPC. It is not necessary to hold CS low for the duration of
the speech data.

Data Bus (SW 1-8): This is an 8-bit parallel data bus which
contains the starting address of the speech data.

Data bus inputs SW 1-SW 8 accept an 8-bit binary address
which is the address of the word which is to be “spoken”
from the DIGITALKER output. See the Master Word List
(Table I) for the complete listing of words and their respec-
tive addresses. If the entire word list is not used, unused
inputs must be connected to Vgg.

Command Select (CMS): This line specifies the two com-
mands tothe SPC. -

CMS ; Function
0 Reset interrupt and start speech sequence
1 Reset interrupt only . -

Write Strobe (WR): This line latches the starting address
(SW 1-SW 8) into a register. On the rising edge of the WR,
the SPC starts execution of the command specified by
CMS. The command sequence is shown in the timing
waveform section. If a command to start a new speech se-
quence is issued during a speech sequence, the new
speech sequence will be started immediately. When con-
necting WR to a switch, it must be a single pole 2 position
switch as shown on page 1.

ROM Data (RDATA 1-8): This is an 8-bit parallel data bus
which contains the speech data from the speech ROM.

OUTPUT SIGNALS

Interrupt (INTR): This signal goes high at the completion
of any speech sequence. It is reset by the next valid com-
mand. Itis alsoreset at power up.

ROM Address (ADR 0-ADR 13): This is a 14-bit parallel

- bus that supplies the address of the speech data to the

speech ROM.

ROM Enable (RBMEN): For low power applications, this
line can be used to drive a transistor that switches the sup-
ply for static speech ROMs. See ROM Data Timing.

Speech Output (Speech Out): This is the analog output
that represents the speech data. See frequency response
section.

INPUT/OUTPUT SIGNALS

Clock Input/Output (OSC IN, OSC OUT): These two pins
connect the main timing reference (crystal) to the SPC.

PHRASE QUALITY

In normal human speech, thé brain puts durations of
silence between the words to make the sentence flow
smoothly. Since several durations of silence are provided

‘in the Master Word List, the actual quality of any phrase

can be significantly improved by adding durations of
silence (also assigned addresses) between the words. As
one thinks about how the phrase is actually spoken, one
might assume the approximate duration of silence be-
tween each word, and insert the closest duration of
silence from the word list. A hint in this area would be that
for words beginning with the letters, K, T, P, B, D, and G
insert 80 milliseconds silence prior to the words, and for
words ending in the same letters as above, 40 milli-
seconds silence following the word is recommended.
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" Functional Description continued)

TABLE I. DT1056/DT1057* MASTER WORD LIST

| 8BitBinary 8-Bit Binary 8-Bit Binary
Word Address Word Address Word Address
SW8 SWwWi1i ' Sw8 Sswi1 Sw8 Sswi
i i i

ABORT 00000000 | FARAD 00101100 PER 01011000
ADD ‘00000001 | FAST 00101101} PICO 01011001
ADJUST 00000010 | FASTER 00101110] PLACE 01011010
ALARM 00000011 | FIFTH 00101111| PRESS 01011011
ALERT 00000100 | FIRE 00110000( PRESSURE 01011100
ALL 00000101 | FIRST 00110001| QUARTER 01011101
ASK 00000110 | FLOOR 00110010| RANGE 01011110
ASSISTANCE 00000111 | FORWARD 00110011| REACH 01011111
ATTENTION 00001000 | FROM . 00110100| RECEIVE 01100000
BRAKE 00001001 | GAS 00110101} RECORD 01100001
BUTTON 00001010 | GET 00110110] REPLACE 01100010
BUY U000 IO 1 i | GGING 21101111 RBEVERQE 01100011
CALL 00001100 | HALF 00111000| ROOM 01100100
CAUTION 00001101 | HELLO 00111001]| SAFE 01100101
CHANGE 00001110 | HELP 00111010 SECURE 01100110
CIRCUIT 00001111 | HERTZ 00111011 SELECT 01100111
CLEAR 00010000 | HOLD 00111100| SEND 01101000
CLOSE 00010001 | INCORRECT 00111101 SERVICE 01101001
COMPLETE 00010010 | INCREASE 00111110| SIDE 01101010
CONNECT 00010011 | INTRUDER 00111111} SLOW 01101011
CONTINUE 00010100 | JUST 01000000| SLOWER 01101100
COPY 00010101 | KEY 01000001 SMOKE 01101101
CORRECT 00010110 | LEVEL 01000010| SOUTH 01101110
DATE 00010111 | LOAD 01000011| STATION 01101111
DAY . 00011000 | LOCK 01000100} SWITCH 01110000
DECREASE 00011001 | MEG 01000101} SYSTEM 01110001
DEPOSIT 00011010 | MEGA 01000110| TEST 01110010
DIAL 00011011 | MICRO 01000111| TH(NOTE?2) 01110011
DIVIDE 00011100 | MORE 01001000 THANK 01110100
DOOR 00011101 | MOVE 01001001| THIRD 01110101
EAST 00011110 | NANO 01001010]| THIS 01110110
ED (NOTE 1) 00011111 | NEED 01001011} TOTAL 01110111
ED (NOTE 1) 00100000 | NEXT 01001100| TURN 01111000
ED (NOTE 1) 00100001 | NO 01001101] USE 01111001
ED (NOTE1) - 00100010 | NORMAL 01001110} UTH(NOTE 3) 01111010
EMERGENCY 00100011 | NORTH ) 01001111} WAITING 01111011
END 00100100 | NOT 01010000| WARNING 01111100
ENTER ) 00100101 | NOTICE 01010001 | WATER 01111101
ENTRY 00100110 | OHMS 01010010 WEST 01111110
ER 00100111 { ONWARD 01010011} SWITCH 01111111
EVACUATE 00101000 | OPEN 01010100 WINDOW 10000000
EXIT . 00101001 | OPERATOR 01010101| YES 10000001
FAIL 00101010 | OR 01010110| ZONE 10000010

FAILURE 00101011 | PASS ) 01010111 '

*DT1056 is a complete kit including MM54104 SPC; DT1057 is SSR5 and SSR6 speech ROMs only.

Note 1: “ED" is a suffix that can be used to make any present tense word become a past tense word. The way we say “ED,” however, does vary fromone word to
the next. For that reason, we have offered 4 different “ED” sounds. It is suggested that each “ED"” be tested with the desired word for best quality results. Ad-
dress 31 “ED” or 32 “ED” should be used with words ending in “T” or “D,” such as exit or load. Address 34 “ED" should be used with words ending with soft
sounds such as ask. Address 33 “ED" should be used with all other words.

Note 2: “TH" is a suffix that can be added to words like six, seven, eight to form adjective words like sixth, seventh, eighth.
Note 3: “UTH"” is a suffix that can be added to words like twenty, thirty, forty to form adjective words like thirtieth, fortieth, etc.
Note 4: Address 130 is the last legal address in this particular word list. Exceeding address 130 will produce pieces of uninteiligible invalid speech data.,
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DT1056/DT1057

Crystal Circuit Information
Typical Crystal Oscillator Network

VD SPC
A
& 1 ]
4 b
1
Tc ::m —=ICRYSTAL =
4 <
- AAA- » 10
R M CIRCUIT
©2
T Crystal R1  R2 c1 c2

40MHz 1M 15k

External Clock Input (4.0 MHz)

EXTERNAL _1|
cLock

Voo

A

T0

ClRcuIT

SPC
XH

Vinx
ViLx

XL

Timing Min Units

10-30 pF  40-60 pF
(4.0 MHz crystal manufactured by Electro Dynamics Corp. P/IN HC18-20 pF)

SPC Block and Connection Diagrams

ns -
ns

tx4 100
tx. 100

] CONTROL . .
»|  woro
- -> > f——————p -
SW1-8 =] REGISTER ADDRESS mux ADR 0-13
REGISTER -
i . A
ROM PHONEME
. pATAI-g—P]  MUX | ADORESS
REGISTER
oMoD GAIN AND
Ry DATA FREQUENCY
REGISTER REGISTER
_ oMOD pROGRAMMABLE [ 0SC 1M
5 —> > oecone FREQUENCY
R GENERATOR
- P 0SC OUT
> CONTROL I __
NS —) LOGIC ROMEN
.D/A
INTR <— CONVERTER SPEECH OUT
PROGRAMMABLE
GAIN
AMPLIFIER
Dual-In-Line Package Dual-In-Line Package
J 2
05 IN —] 40 von w4 W) 2 vog (0.75V-525V)
39 :
0SC OUT ~—i b— sPEECH OUT
3 A6 — 122 5
CST f— ADR 13 (MSB)
R = 127 Aor12 3 22
5 36 A5 — e
ROMEN == o AoR
INTR— 5 aor10 ] EINp
7 34
M — |— AR 9 »
swa (MSB)% 3 aons, prgmad 20 cs1(a13)
w7 — . }— ADR 7 5 19
we - SPC 131 ADRS A2 — MM52164* — A10
SSR5
W _:% (MM54104) Elgree ) e AND LI
swa — % ADR 4 S3R6
—_ = 17
w3 ” ADR 3 = — o3
Wz = o AoR2
6 3 16
SW 1 (LSB) ===t ADR1 01— — o7
(LS5 o
RDATA 0 (LSB) == —— ADR 0 (LSB) 10 15
RDATA 1= e ROATA 7 (MSB) 02— — 06
RDATA 2 == — RDATAG 03 1% 05
RDATA 3 = | RDATAS
— — 1
Vss RDATA4 6ND =4 LEAP
- TOP VIEW TOP VIEW

*For specific ROM device information, see MM52164 data sheet.
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TV-11V (REGULATED;
( ) _ . 0
o
0.1 uF (¢]
sv ]
REGULATOR 3
GND 2 9.1k 10k 01uF =
> . u
| S 6aok 20 uF, 10V 3
- < + - ]
5 I T0 s
0.1 4F 0.1 4F T SPEAKER a
H - 2
- 0.1 uF
50k o
= = VOLUME '
2 CONTROL g1 ¢ 0.05 uF o
S =
l/.g_ = = = = ®
Vg =5V = :
40 39 c 3
15 2
——] SW1(LSB) AD ;‘-’.-
14 26 [~
—sw2 At (1]
13 27
—sw3 A2
WORD 12 28 U
ADDRESS { = SW4 A3 -—
weuts | Mgy s Py e [
10 30
T N Q
9 31
b RS 1= 1
—— sws (msB) A7 3
] P 33
—WR A8
—;cms no f2
-5 A0 i:
— e AN
X wowen a2
38
A13
20] 21 18] 19) 22f 23] 1f 2] 3] 4] s| 6 7| 8 znlz:fxwzzzatz:ass7a
SPC TS A1Z ANl AID A3 A8 A7 A6 A5 A4 A3 A2 A1 A0 |4 €S A12 A1l All A3 A8 A7 A6 A5 A4 A3 AZ Al AD %
12 — 12 L
. 0.14F SSRG 0.1 4F
—| o1 D02 03 Dps b5 b5 D7 D8 I_ =—| 01 D2 03 D4 D5 D05 D7 D8 —-_r
sl w] 1 3] e ] ) 17 5I w] 1] 3] ] 5] | 7
1
RDATA 1
17
RDATAZ[-
RDATA3
19
RDATA4
21
RDATA
RADATA 6|22
AoATA 7S
oATA 8}22
2 :Lzu 1
15k =
™M *L.M346 or equivalent
V"‘
4 MHz
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— -
50 pF 20pF
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DT1056/DT1057

Typical Applications (continued)

Integration of DT1057 ROMs and DT1050 Kit

DT1050 KIT . DT1057 ROMs
»| 00-07 RDATA 1-8 [«
@ ADRO0-12 ® . 4 1>
NP i ! ! '
»| cms SSR1 SSR2 SSRS SSR6
SPEECH SPEECH SPEECH SPEECH
< INT ADR 13 ROM ROM ROM . ROM
s s [ cs
" Vee
2
ES
DO PR
»1 D Al
Yo
Y1
[} B1 v2lo
WR. ['Z] ‘o TRum—
[ Plok v 61
1/27474 OR = '1/274138 OR
- EQUIVALENT EQUIVALENT

DIGITALKER System Using COP420 Interface

-1y - REGULATOR

L

Veg=5v
Vee Voo e
<+«—p|co0 L PORT >lswi-s nn;:r: M oara g,
P - SPC | ADDR  ROM
& : 1 »lwn MM54104 ol Mmsziee
ST { 4—b{c3 >  on -
cop420 D2 > cus Jow
—p| N0 > J-
—>] 0o »|cs ADR13
[— m IN3 [ INTR = I__
"“z‘ b ) oreeLn
cKi Vee Voo
oo osc DATA
s out_Vss N N 64k
. »|ADDR  ROM
= L olcs - Mms26e
= MM7aco02 = »
) Vss
FILTER
—p AND
AMPLIFIER
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Typical Applications (continued)

Minimum Fliter Circuit

Voo

SPEECH OUT
(FROM SPC)

13
TRC
*LM346 or equivalent

See MM54104 data sheet for additional filter information.

200Hz=

Low Power Configuration Using Static ROM

5V
V-1V REGULATOR
| Voo Vss Vss vee |-
3k l
' SPC momen VWA S';E:;“ I

-

SPEAKER
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MM54104

National
Semiconductor

DIGITALKER ™ Speech Synthesis

MM54104 DIGITALKER™ Speech Synthesis System

General Description
The DIGITALKER is a speech synthesis system consisting

- of multiple N-channel MOS integrated circuits. It contains”

an MM54104 speech processor chip (SPC) and speech
ROM and when used with external filter, amplifier, and
speaker, produces a system which generates high quality
speech including the natural inflection and emphasis of
the original speech. Male, female, and children’s vonces
can be synthesized. .

The SPC communicates with the speech ROM, which con-
tains the compressed speech data as well as the frequen-
cy and amplitude data required for speech output. Up to
128k bits of speech data can be directly accessed. This
can be expanded with minimal external logic.

With the addition of an .external resistor, on-chip de-
bounce is provided for use with a switch interface.

An interrupt is generated at the end 6f each speech se-
quence so that several sequences or words can be
cascaded to form different speech expressions.

Encoding (digitizing) of custom word or phrase lists must
be done by National Semiconductor. Customers submit to
the factory high quality recorded magnetic reel to reel
tapes containing the words or phrases to be encoded.
National Semiconductor will sell kits consisting of the
SPC and ROM(s) containing the digitized word or phrases.

Features

B Designed to be easily interfaced to most popular
microprocessors

B 256 possible addressable expressions

B Male, female, and chillcv!ren’s voices

B Any language

B Natural inflection and emphasis of original speech
W Addresses 128k of ROM directly

B TTL compatible

B MICROBUS™ and COPS™ compatible

B On-chip switch debounce for interfacing to manual
switches independent of a microprocessor

W Easily expandable to greater than 128k ROM
W Interrupt capability for cascading words or phrases

" W Crystal controlled or externally driven oscillator

W Ability to store silence durations for timing sequences
B \
B Standard vocabulary sets available

Applications
u Telecomnjun'ications B Consumer products
B Appliance B Clocks

B Automotive
B Teaching aids

B [anguage translation
B Annunciators

Typical Application§_ "

Minimum Configuration Using Switch Interface

l cms
{ I o 0sc
- SPEECH _IN

s O

4.0 MHz**

il
;ZUpF ;

* Single pole 2 position FILTER AND
. momentary switch \—-b AMPLIFIER
4.0 MHz crystal Electro
Dynamics Corp. 20 pF HC18
DIGITALKER™, MICROBUS™ &nd coPs™ are of N

REGULATOR |PL
>
<
L
no - - 1
MOMENTARY* ] | wr VoD Vvss Vss Vee
)
NC
P | ADR| ADDRESS BUS
0-13 i
10F 8 SHOWN lswis SPC  RDATA| , DATABUS SPEECH
vM54104  1-8[® ROM DIGITALKER
INTR KT

“The recipient of these products autc receives a no license
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to
use such products, to assemble or otherwise incorporate them into further prod-
ucts which may be covered by said patent application, or any patent or patents
issuing thereon, and to use, sell, or otherwise dispose of such products"

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available.

50 pF

SPEAKER

Corp.
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Absolute Maximum Ratings §
N
Storage Temperature Range —65°Cto +150°C Voltage at Any Pin 12v ﬂ
Operating Temperature Range —40°Cto85°C Operating Voltage Range, Vpp-Vss 7Vto 11V o
Vop-Vss ) 12v Lead Temperature (Soldering, 10 seconds) 300°C e
DC Electrical Characteristics 7,=0°c to 70°C, Vpp = 7V-11V, Vgs = 0V, unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Vi Input Low Voltage '~03 0.8 \
ViL Input Low Voltage Ta= —40°C to 85°C -0.3 0.6 \
Vin Input High Voltage 2.0 Vop v
Vi Input High Voltage Ta= —40°C to 85°C 2.2 Vbp \
VoL Output Low Voltage lop=16 mA ) 0.4 Vv
Von Output High Voltage lon= —100 pA 2.4 5.0 \
Vix Clock Input Low Voltage -03 1.2 \
Vihx Clock Input High Voltage 5.5 Vop Vv
VoLx Clock Output Low Voltage Typical Crystal 1.2 Vv
Configuration and 10M
. Load on Pin 2
VoHx Clock Output High Voltage Typical Crystal 5.5 ) "
Configuration and 10M
. Load on Pin 2
Ipp Power Supply Current 45 mA
lop Power Supply Current Ta= —40°C to 85°C 50 mA
i Input Leakage +10 A
hix Clock Input Leakage +10 A
Vs Silence Voltage 0.45Vpp \%
Vour Peak to Peak Speech Output Vpp =11V 20 \
Rext " External Load on Speech Rext Connected Between 50 kQ
Output Speech Output and Vsg
AC Electrical Characteristics 1, =0°c to 70°C, Vpp = 7V-11V, Vss = 0V, unless otherwise specified.
Symbol Parameter Min Max Units
taw CMS Valid to Write Strobe 350 ns
tesw Chip Select ON to Write Strobe 310 ns
taw Data Bus Valid to Write Strobe 50 ns
twa CMS Hold Time after Write Strobe 50 ns
twd Data Bus Hold Time after Write Strobe 100 ns
tww Write Strobe Width (50% Point) 430 ns
tred ROMEN ON to Valid ROM Data 2 us
twss Write Strobe to Speech Output Delay 410 us
fy ‘ External Clock Freduency . 3.92 4.08 MHz
Note: Rise and fall times (10% to 90%) of MICROBUS signals should be 50 ns maximum.

13-35




MM54104

Timing Waveforms Command Sequence
™S X VALID
f tw T .
s X /T
wﬁ —\ .
Ydw [=— t=—twd
o
ROM Data Timing
ADR 0-13 X VALID ADDRESS

ROM DATA 1-8

Note 1: ROM data 1-8 can go valid any time after ADR 0-13 changes, however it must be valid within the teq specifications and remain valid until ROMEN

goes high.

Crystal Circuit Information
Typical Crystal Oscillator Network

External Clock input (4.0 MHz)

Vop . SPC Voo SPC
A \ A
10
CIRCUIT
° 1 1 EXTERNAL _1
I 1 cLock ] —| \
Timi Min Units
1 I S T T = . . ng
> | - tyy 100 ns
= 2 »T0 t 100 ns
AA ns
] A A l ¥ CIRCUIT XL
c2
1\ Crystal. Rt R2 (9] c2
- 40MHz 1M 15k 10-30 pF  40-60 pF
. .
Block and Connection Diagrams
Dual-in-Line Package
CONTROL
o] woro . 1
SW1-8==p{ REGISTER Pl ADDRESS > MUX p—————p ADRO-13 0SC IN =} \J LN Voo
2 39
REGISTER 05C 0UT — = SPEECH OUT
l L Eg..;. 38 aoR 13 (ms8)
- Wh ry 37, pon 12
aoM | Puoneme FOMEN =~ f— ADR 11
paTA1-8 ] MUX > 5
- REGISTER INTR — e ADR 10
) ey - ADR O
L i l SW B (MSE)— = ADR S
W71 T s e ADR 7
oMoD GAIN AND ws  —f PC I
CONTROL WORD T
DATA FREQUENCY ] MM54104 30,
REGISTER REGISTER REGISTER W 2 ADRS
w4 -T; peee ADR 4
l l w3 i T ADR3
W2 |— Aor2
oMoD PROGRAMMABLE [ OSCIN 15
TS —) e FREQUENCY SW1(LSB) === 5 \UR1
- GENERATOR L, osc gut RDATA 1 (LSB) == f— ADR 0 (LSB)
) CONTROL l I RDATA 2 === e RDATA 8 (MSB)
CMS—D] LoGic ROMER RDATA 3 == b= RDATA 7
D/A ) RDATA4 ~— b RDATA &
INTR < CONVERTER SPEECH OUT Vss == == RDATA S
PROGRAMMABLE
GAIN
AMPLIFIER TOP VIEW
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Connection Diagrams (continued) (Vg = 4.75V-5.25V)

" DuakIn-Line Package

A7—1

a5 =4

I3
At —
=
Prmd
Al =l

8
A0 —

q
U}

024

0311

GNI}I-E

Dual-In-Line Package

U = Vee A7 — U = Vee
123 ng A6 = LA
2- A9 A5 ~——— -22— A9
2 cs3 Yl 2L 52
}ﬂ cst A3 —H 20 st
. LI 2% ‘ LI
MM52116 " , MMS52132 »
— CS2 Al =1 — Al1
r'—’- 08 prpma 7 g
L a2 L
'S, 05 02-% 15 06
2 05 0314 14 05
13 04 oND 2 LW
TOP VIEW TOP VIEW
16k 32k
Dual-In-Line Package
a4 U — Ve
pryc 2
A5 —— 122 ng
A% — 2! ar2
Yyl 22 o1
prmd 2 a1
ot MM52164 s |
ot 17 0
01— 'S 07
02 ’—0‘ 'S 06
p3 1Y 19 g5
anp 4 13 08
TOP VIEW
64k

For specitic ROM device information, see MM52116, MM52132, or MM52164 data sheets.
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MM54104

Functional Description

The following describes the function of all SPC input and

. output pins.

Note: In the following descriptions, a low represents a
logic 0(0.4V nominal), and a high represents a logic 1 (2.4V
nominal).

INPUT SIGNALS

Chip Select(CS): The SPC is selected when CS is low. Itis
only necessary to have CS low during a command to the
SPC. It is not necessary to hold CS low for the duration of
the speech data.

Data Bus (SW 1-8): This is an 8-bit parallel data bus which
contains the starting address of the speech data. Unused
inputs must be tied to Vgs.

Command Select (CMS): This line specifies the two com-
mands to the SPC.

CMS Function
0 Reset interrupt and start speech sequence
1 Reset interrupt only

Write Strobe (WR): This line latches the starting address .

(SW1-SW8) into a register. On the rising edge of the WR,
the SPC starts execution of the command specified by
CMS. The command sequence i shown in the timing
waveform section. If a command to start a new speech se-

Applications Information

quence is issued during a speech sequence, the new
speech sequence will be started immediately. When con-
necting WR to a switch is must be a single pole 2 position
switch as shown on page 1.

ROM Data (RDATA 1-8): This is an 8-bit parallel data bus
which contains the speech data from the speech ROM.

OUTPUT SIGNALS

Interrupt (INTR): This signal goes high at the completion
of any speech sequence. It is reset by the next valid com-
mand. Itis alsoreset at power up.

ROM Address (ADR 0-ADR 13): This is a 14-bit parallel
bus that supplies the address of the speech data to the
speech ROM.

ROM Enable (ROMEN): For low power applications, this
line can be used to drive a transistor that switches the sup-
ply for static speech ROMs. See ROM data timing.

Speech Output (Speech Out): This is the analog output
that represents the speech data. See frequency response
section. ,

INPUT/OUTPUT SIGNALS

Clock Input/Output (OSCIN, OSC OUT): These two pins
connect the main timing reference (crystal) to the SPC.

Frequency Response of Combined Amplifier and Speaker

T T
TN | 204d8/DECADE
/ N| L1 voTed
‘/ B :h‘-
P \ 60 dB/DECADE
= p i
g 20 , NOTE 375
: % S
S Vg NG g
w / ) T~ 40 dB/DECADE NN
£ NOTE 2 \\ \
3 N
w -40 N
o« N
\Y
-60
10 100 * ck

FREQUENCY (Hz)

Note 1: This curve is the desired response-of the entire audio system including speaker.
Minimum response is a low pass filter with a cutoff frequency of 200 Hz. For an audio system
with a natural cutoff frequency around 200 Hz, this filter can be eliminated. This cutoff fre-
quency may be tuned for the particular voice being synthesized. For a low pitched male voice
— it may be 100 Hz, while for a high pitched female or child’s voice it might be 300 Hz.
Note 2: This is optional filtering that can be eliminated by proper selection of the speaker. If
this 2 pole response is electronically produced, it should be adjusted as described in Note 1.
Note 3: This is optional filtering that can be eliminated for simpler systems. The acceptable
range for this cutoff frequency is 6000 Hz-8000 Hz.
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Typical Applications continued)

Minimum Filter Circuit

=
=
£
(==
5

Voo
SPEECH (FROM SPC)
out
SPEAKER
200Hz= —
27RC
* LM346 or equivalent
Filter Circuit to Produce Maximum Frequency Response
Vop

SPEECH (FROM SPC) ,__l+\l\
out ) -
4
R4

5 Voo

LM386, SPEAKER

RS I = 10 )
1l = 7000Hz= —1 — =

2TRICT, 27R2C2

—__r 00Hzs — = 1 o 1

2WR3C3  2WR4C4  27RSCH

\ * |LM346 or equivalent
DIGITALKER™ System Utilizing MICROBUS™ Interface Low Power Configuration Using Static ROM
7-1v REGULATOR v 5V
_j-: 7-11V REGULATOR lwl
& — e co— o— — —— — — o—— — —— o— h
— 1 — !
Voo Vss vss Voo | I
00-D7 »swi-s | -
Wl lm ADR 013 ARDRESS BUS I_-..._.___.. __..l-_l
u > »
Brrtfo  SPC oATa RS A W R e
s[5 MMs4104 l : I ot x e |
. VA
P Bpeech osc osc SPC owen v ROM - I
l ouT__IN out | |
R L__l_______._____lj B S —

. P g
<

p

L
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MM54104

Typical Applications (continued)

DIGITALKER™ System Using COP420 Interface

V-1V ~p| REGULATOR
= Veg=5vV
| - 1
( Vee Vo E Vee
<«—>|60  LPORT P SW 1-8 ROATA [ DATA e
<+—P|G1 SPC »{ADDR ROM
—> MM54104 S [
SYSTEM 62 D1 - »|wR i
7 TR e o [ ¢ S ADR Vss
»!|ino CoP420 D2 P C 0-12 _L
) a D0 ag [ ADR 13 == -
> in3je INTR N
—p N2 . SPEECH =y
cKi Vee Vee
Vs Vss l::lc DATA o
- ${ADDR  ROM
__L _l_ plcs- Mms2164
- = Vss
- FILTER
AND
- I AMPLIFIER

Speech ROM Ekpansion for Requirements Greater Than 128k Bits"

1STMODULE © " 2NDMODULE
| sw1-8 RDATA 1-8 | e —— -
J TR ADR 0-12 — —
<
o ADR 13 fmy ° .
ol wm SPC v L 4 v v
1 MM54104 ‘ o
—»|T5 - 64k - 64k 64k 64k
ROM Rom | -| rom ROM T0
»| cms _ ADDITIONAL
55 CS [ s ROMS

B Yo V1 v2 Yi e e YN
u ) .
S : bt A (LSB)

D0 .

D i B
DECODER
—ch
D1
[} ] c
WR
%] [ ,L P> K
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Circuit for Evaluation of
Custom Vocabulary EPROM
Prototype Set

EPROM PROTOTYPE

In the process of developing a product with a “custom”
generated vocabulary, it may be necessary to develop
special circuitry for listening to and evaluating your proto-
type synthesized vocabulary prior to committing to read
only memory (ROM) production.

The prototype set will normally be supplied by National
Semiconductor in the form of 2716 EPROM (Intel pinout)
sets. The SPC (speech processor chip, part number
MM54104) communication with EPROM sets does require
some external hardware considerations which may not be
necessary in the final ROM application, especially in
multiple EPROM-equivalent ROM situations. (For exam-
ple, four 16k-bit 2716 EPROMs equal one 64k-bit ROM.)

Shown on next page is a recommended circuit which
shows proper interface between 2716 EPROMs and the
SPC. The circuit covers vocabularies from the minimum
system of one 2716 (16k bits) to larger vocabularies of
eight 2716s (128k bits). It is also true, that in an application
requiring only one 2716, the MM74LS138 decoder device
can be eliminated by connecting pin 20 of the 2716 to Vgg

(ground). The remaining unused pins 36, 37 and 38 of the -

SPC can be left unconnected in this case.
UNUSED SPC INPUTS

In any DIGITALKER™ design, an applications suggestion
is in the area of unused input pins of the SPC. It should be
understood that the number of different expressions and
coincident addresses, as designated by the custom vo-
cabulary, determines how many of the SW word address
pins (pins 8-15) on the SPC are utilized. Vocabularies of
less than 128 addresses will not use SW 8; vocabularies of
less than 64 addresses will not use SW 7 or SW 8, and etc.
These unused SW pins must be tied to Vgg (ground) to
simplify the application. In fact, any unused input to the
SPC must be tied to Vgg.

FILTERING

Use of the DIGITALKER is quite straightforward, however,
a point on application that must be covered in this brief
concerns the frequency response of the output speech.
The ultimate quality of the DIGITALKER will strongly de-
pend upon the filter, amplifier and speaker choices made

DIGITALKER™ is a of

Corp.

National Semiconductor
Linear Brief 54

Fred Wickersham

June 1981

by the user. For that reason, it is important to understand
the output characteristics of the device.

Because the synthesized speech data is derived from a
differentiated and sampled input signal, it is necessary to
pass the output waveform of the MM54104 through a low-
pass filter with a cutoff frequency of approximately 200 Hz
and an attenuation characteristic of 20 dR/dacade. This
compensates for the high frequency pre-emphasis used in
the synthesis technique. If the system of interest has a
natural rolioff near 200 Hz, this low-pass filter can be
eliminated. The important item is that the entire audio
system should have a cutoff frequency of approximately
200 Hz. The placement of the cutoff frequency may be ad-
justed for the particular type of voice being synthesized. A
low pitched man’s voice might sound better with a 100 Hz
cutoff point while women’s and children’s voices may
show improvements with a 300 Hz cutoff.

As an example of how the overall frequency response of a
particular application can minimize the need for extra
filtering, consider the DIGITALKER as a voice announce-
ment circuit in a telephone system.

In this case, the telephone network provides a natural
attenuation to high frequencies that balances the SPC
high frequency pre-emphasis. As a result, the low-pass
filter previously mentioned can be eliminated. However,
because signal frequencies above 3 kHz must be attenuat-
ed before they are allowed to pass into the telephone net-
work, a cutoff filter of 3400 Hz may be required in place of
the previously mentioned 200 Hz low-pass filter. A good
filter for this application is the National Semiconductor
AF133 active filter.

In addition to the 200 Hz to 3400 Hz low-pass filter, an extra
stage of low-pass filtering can be used for frequencies
above 7 kHz. This filter is optional and is normaily only
used to further reduce sampling noise. Most systems can
omit this filter, especially if the overall system bandwidth
is not very wide. A second optional filter can be included to
limit the overall low frequency response of the system.
This high-pass filter would normally cutoff below 200 Hz
(adjusted to match the 200 Hz low-pass if provided). This
high-pass filter limits low frequency noise, and can usu-
ally be omitted if system characteristics do not require
this function.

v

“The recipient of these products receives a license
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to
use such p to or incorporate them into further prod-
ucts which may be covered by said patent application, or any patent or patents
issuing thereon, and to use, sell, or otherwise dispose of such products’

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available.

13-41

195 adfj0101d INOHdT A1eInqeoop wolsn:) Jo uonen|eaz 1oy unoud +5-g7

i



LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set

el

Recommended Circuit for Evaluating up to 8 Custom Encoded EPROMs (2716)

v ) ’ . -
Nvo—2p . . vee 2 lvee
v, E1 .
= cc . m MM2716 EPROM
SO 3 (INTEL PINOUTS) _
. 12
N Vss . .
. D0 D1I_DZ D3 DA D5 D6 D7 A0 Al "A2 A3 A4 A5 A6 A7 A A3__A10_OE
- = 9 10 |11 {13 |14 [15 f16 17 |8 7 6 5 4 3 2 1 23 |22 |19 |20
-4 Voo
20 40
Vss Voo
noaTa 1|2 R )
1. ¢
RDATAZ [ >
L — Bl RDATA3 5 >
= : —_— e RDATA4 P ¢ :
0RD 11
ADDRES \ m i ADATAS [ >
INPUTS ! hid RDATAG >
vee—o>L o e L ROATAT :: >
! sws ADATAS [ >
) A0 >
7 26 0
L s spc M >
. & mmsatos A2 P 5 | Proms
Vee M E]
> = N - >
Sm ne—] naen a2 >
- b3 ] N ED ,
. 21 1
wm i !' Vm:—-:"i vee oot |
f\unuznmnv M ]: - > u 0124 —p pin 207ROM 2
. SWITCH . e — Ho2a 0225 pin 20 pROM3
= 5 12
. > 03} Pt PRI
osc v ns ~15%8 praisias 03[ > PINZ0PROMS
. A0 % > — n Vss 0 Tb?mlumnms
20pF C3s0mm: Jm AN - a0 05 [=——pIN 20PROM S
I T < ek a1z m - 4 P 05 ::rmznmmm
- AVAA— osc ouT A13 - El pYY 0 PIN 20 PROM 8
50pF —_— e —— —— —_——,—— e — — e e e e - e — —— — -
0T . — - - =
= SpEECH OUT OPTIONAL ADDITIONAL FILTER - e I
Vi 7.5k - .1 ul
39 o0 | 7.5k . |
520k | 0014F !
8 2.1k l | 0Ot uF = I
L maas - ANA- = ot
1 > T | [
e 0.ApuF
| = ‘.III___L____________.J
: *MINIMUM FILTER CIRCUIT . L
L 10k
e
50k

Note: All unused inputs to SPC must be tied to ground (Vgg). * Recommended filter requirements. See text and MM54104 data sheet for complete filter application suggestions




Speech Synthesis

INTRODUCTION

Electronic speech circuits offer a new dimension of
sophistication to many modern machines. As annuncia-
tors in trains, elevators, office buildings, autos, airplanes,
terminals, toys and games, etc., electronic speech circuits
provide a more direct and natural announcement than
bells, buzzers or lights. With electronic voice signals,
complex directions can be clearly given in any language
and with a minimum of effort.

In the past, electronic announcement systems required
elaborate tape mechanisms. These systems were expen-
sive and troublesome, so their use was limited to the small
number of applications that required speech announce-
ments (e.g., telephone announcement systems). The tirst
all-electronic systems used analog to digital conversion
techniques to convert actual voice into digital signals.
These digital speech signals were then stored as PCM or
delta modulation signals in semiconductor memories.
The major problem with this arrangement was the
massive memory required for a moderate amount of an-
nouncement time. One second of digital speech, in this
configuration, required from 16k to 100k bits of memory.

The latest solution to electronic speech is known as
speech synthesis. This technique provides a dramatic
reduction in the memory required for one second of
speech. Memory requirements range from 400 bits to 2000
bits per second depending on the desired speech attri-
butes and overall quality. The synthesizer technique takes
advantage of the fact that speech signals are highly
redundant and predictable. By coding only the slowly
varing coefficients of speech or by dramatic compression
of digitized speech, significant bandwidth reductions in
the digitized signal can be realized. These techniques,
coupled with LSI semiconductor technology, make true
voice synthesis practical.

The National Semiconductor speech processor chip (SPC)
provides the complete speech synthesis reproduction cir-
cuitry needed to generate high quality and natural speech
(male, female or a child’s voice), electronic tones or music.
A complete chip set is called the DIGITALKER™ It con-
sists of the speech processor chip and a speech ROM. The
applications for this chip set are endless, but to name a
few:

Voice interactive computer terminals

Automotive, nautical and aeronautical instrumentation
annunciators

Voice-back units for banking, weather and time
announcements, answering machines, etc.

Elevators, trains, subway systems, etc.

Consumer appliances, toys and games

Warning systems for fire and police emergency

All of these applications benefit from the lower overall
cost, high reliability, excellent performance and fast con-
trol response afforded by the National Semiconductor
DIGITALKER™ system. The remainder of this note will be

DIGITALKER™ is a of N, Corp.

National Semiconductor
Application Note 252
Jim Smith

Dave Weinrich

devoted to a description of the MM54104 SPC, the tech-
nique used to synthesize speech and finally a review of the
major DIGITALKER™ applications.

SPEECH SYNTHESIS

The basic phonological element of speech is the
phoneme. The phoneme represents a simple sound that
by itself cannot distinguish different words. Phonemes,
together with speaker inflection, volume, emphasis, etc.
are the fundamental building blocks of speech. The overall
quality of any speech synthesizer, therefore, is directly
controlled by its ability to faithfully reproduce all of the
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reproduction.

The common American English language consists of ap-
proximately 38 to 40 phonemes — 14-16 vowel sounds and
24 consonant sounds. Each phoneme is generated with
either a voiced sound, as in “eye”, or an unvoiced sound
like the sh in “shy”. This difference between a voiced and
unvoiced sound is very important because the unvoiced
sounds are generally fewer in number and less dependent
upon the physiological characteristics of the speaker. A
speech synthesizer, it turns out, can exploit this important
difference. Finally, normal speech rates are approximate-
ly 10 to 15 phonemes per second (including silence inter-
vals). Since 38-40 phonemes can be coded using 6 bits, the
normal bit rate for phoneme reproduction is approximate-
ly 60 to 90 bits per second. This bit rate, however, contains
only phoneme information which is only one of the many
important speech attributes.

Since phoneme reproduction is a basic element in any
speech synthesizer, an understanding of phoneme con-
struction would be useful. Speech synthesis models use
two driving functions, an impulse source for voiced
sounds and a noise source (hiss noise) for unvoiced
sounds. Each of these driving signals are filtered into
specific frequency bands or formants by time-varying
filters. The net result, for any particular set of valid filter
coefficients, is a formant sound. In the human vocal tract
system, the driving function consists of the lungs as the
energy source, and the vocal cords for generating a voiced
sound. The driving function for an unvoiced sound relies
on the noise generated as air rushes through the vocal
chambers and not on vocal cord vibrations. The formants
are then generated by the resonant chambers of the
throat, mouth and nasal cavities. By controlling the
physical nature of these chambers with mouth position,
tongue position and throat orifice size, a speaker can con-
trol the formants to generate a phoneme. It should be
noted, however, that formants are identified by distinctive
frequency bands. The unvoiced sounds do not generate

- these distinctive bands and therefore do not necessarily

require the “normal” formants for a faithful reproduction.
These sounds are characterized by a noise or hiss with
very little resonance. This unvoiced resonance is normally
identified as a fricative formant (e.g., the “sh” sound) and
is characterized by an unusually large content of high
frequencies. =
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AN-252 Speech Synthesis

A formant-based speech ‘synthesizer, as described pre-
viously, would normally use at least three formant filters
for voiced sounds and one formant filter for fricative
sounds. An additional resonance, called nasal resonance,
may be included but no dynamic formant function is usu-
ally associated with the nasal resonator. For the synthesis
of a normal English vowel using a male voice, the three
basic formants would fall into the approximate frequency
bands of 200 Hz to 800 Hz, 900 Hz to 2300 Hz and 2400 Hz to
3000 Hz. The fricative formant is typically a pulse of high
frequency noise in the band from approximately 2500 Hz
to 8000 Hz, with the higher frequency fricatives like “th”
usually much lower in relative amplitude when compared
to the “sh” fricative sound.

The basic formant synthesizer requires formant filter
coefficient data, amplitude control data and driving func-
tion control data. This minimum system could synthesize
speech, but would not control inflection or emphasis. Its
quality, therefore, can be very disappointing. Normal
memory requirements for a minimal system are approxi-
mately 400 bits for one second of speech.

A second approach to speech synthesis does not auto-
matically break speech into its minimum phonological -
elements. Instead, the speech waveform is sampled, digi-
tized and compressed by the elimination of symmetrical
redundancy and silent intervals, the use of adaptive delta
modulation, and the adjustment of phase information in
the digitized speech. In this way, speech elements can be
synthesized as phonemes, phoneme groups, words or
even whole phrases. Also, the attributes of the original
speaker can be maintained if the synthesized elements
are not broken down incorrectly (i.e., inflection can modify
the sound of a phoneme if it occurs at the end of a word or
phrase rather than at the beginning).

In a speech compression system, unvoiced sounds can be

‘standardized. During the compression algorithm, the

voiced and unvoiced sounds are separated and the voiced
sounds are compressed. Unvoiced sounds, however, are
compared to the available sounds and synthesized by
substitution. This approach is successful because un-
voiced sounds have very few speaker defined characteris-
tics. As a result, a relatively small set of unvoiced sounds
can be used repeatedly. ‘

This speech compression technique offers excellent
quality at a low data rate. The synthesis of a male voice,
using English, will usually require an average of 1000 bits
per word. Because the technique can be applied to any
voice frequency signal, it is also capable of synthesizing
women’s and children’s voices, music and tones. This
flexibility, plus the realistic quality of the synthesized
speech, make this technique very attractive.

THE NSC SPEECH PROCESSOR CHIP (SPC)

The National Semiconductor speech synthesis system
consists of the SPC device plus the speech memory (ROM)
required to assemble a complete DIGITALKER™ kit. To
this kit a customer must add a clock input signal or the
necessary oscillator components, an audio filter and
amplifier and the control circuit function. This would
represent the minimum configuration shown in Figure 1.
The maximum amount of directly addressable speech
memory accessible by the SPC is 128k bits, but external
page addressing by the control circuit function can in-
crease this ROM field as required.

The SPC utilizes the speech compression synthesis
technique. As mentioned earlier, this technique reduces
the amount of memory needed to store electronic speech
by removing the excess or redundant data from the
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speech signal. The four main techniques to perform that
task are:

1. Elimination of redundant pitch periods

2. Adaptive delta modulation coding to minimize band-
width and memory requirements

3. Phase angle adjustments to create mirror image
symmetry

4. Replacing the low level portion of a pitch period with
silence (half-period zeroing)

National Semiconductor uses an elaborate computer pro-
gram to analyze a high fidelity tape recording and gener-
ate a ROM pattern that will faithfully synthesize the
original voice message.

Figure 2 contains a block diagram of the MM54104 SPC
The eight-bit start address bus allows up to 256 separately
defined sounds or expressions to be stored in the speech
ROM. The control interface to the start address port can
take the form of decoding logic, a MICROBUS™ port or
mechanical switches.
When the W gocs high, the ctart addrass code is loaded
into the control word address register. The SPC uses this
control address to fetch the control word from ROM for the
first block of speech data. The control word contains
waveform information, repeat information and the ad-
dress of the speech data. This address is loaded into the
phoneme address register and is used to fetch the speech
data used to recreate the speech waveform. Before the
synthesis takes place, the waveform data must be decod-
_ ed to provide information such as male or female, voiced
or unvoiced, half-period zeroed or not half-period zeroed
and silence. .

The unsynthesized waveform for a typical voiced pitch
period might look like the signal shown in Figure 3a. In the
process of converting this signal to a synthetic form,
several operations are performed. First, the phase delay of
the signal can be adjusted to create a symmetrical
waveform about the center of the pitch period as shown in
Figure 3b. The next step will replace the low level begin-
ning and ending quarters of the waveform with silence
(Figure 3c). The result is a compression factor of 4 to 1 on

the original voice data. Now, delta modulation is applied
and the results are shown in Figure 3c. Synthesis of the
waveform starts with a period of silence (no speech data
required), a quarter period of adaptive delta modulation-
generated speech followed by the same speech data

=10 ms
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AN-252 Speech Synthesis

fetched in reverse. Finally, the SPC will finish the last
quarter cycle of the speech block period with silence. This
phase modified speech data sounds the same as the origi-
nal speech.

At the end of a waveform or speech block, the SPC makes
a decision about repeating the sequence. Each waveform
of a typical voiced signal may be repeated an average of 3
to 4 times. The typical unvoiced waveform may be
repeated approximately 7 to 8 times. Once the proper
number of repeats has been generated, the SPC will begin
a new speech block sequence. This operation continues
until the SPC has executed all control words associated
with the original eight-bit start address code.

SPC speech signals are stored as adaptive delta modula-
tion data. This encoding technique exploits the relatively
predictible and slowly changing characteristic of voiced
speech. Because of the small differential between succes-
sive speech samples, a delta value rather than an absolute
value can be used to determine the actual speech signal.
Addition ,of the delta value to previously accumulated
values will result in a new output waveform signal level. An
adaptive technique is used so that the delta step size can
change in response to slope variations. This technique
uses multiple delta modulation step sizes to obtain a more
accurate resolution and yet, the required amount of stored
data remains lower than the information required for a
more conventional encoding scheme.

The internal SPC clock is derived from a programmable
frequency generator. Variations in the frequency of this
clock, through the control word, allow the SPC to add aris-
ing and falling pitch to speech sounds and syllables. This
derived pitch variation adds a natural inflection to the syn-
thetic speech.

Just as pitch variations are used to increase realism, so
must the SPC use gain variations. Both techniques are
controlled by data stored at the beginning of a speech
block and the programmable oscillator and output ampli-
fier circuit blocks of the SPC.

Use of the DIGITALKER™ s quite straightforward and will
be outlined in the next section. However, a point on appli-
cation that must be covered in this note concerns the
frequency response of the output speech. The ultimate
quality of the DIGITALKER™ will strongly depend upon
the filter, amplifier and speaker choices made by the user.
For that reason, it is important to understand the output
characteristics of the device.

Because the synthesized speech data is derived from a
differentiated and sampled input signal, it is necessary to
pass the output waveform of the MM54104 through a low-
pass filter with a cutoff frequency of approximately 200 Hz
and an attenuation characteristic of 20 dB/decade. This
compensates for the high frequency pre-emphasis used in
the synthesis technique. If the system of interest has a
natural rolloff near 200 Hz, this low-pass filter can be
eliminated. The important item is that the entire audio

system should have a cutoff frequency of approximately -

200 Hz. The placement of the cutoff frequency may be ad-
justed for the particular type of voice being synthesized. A
low pitched man’s voice might sound better with a 100 Hz
cutoff point while women’s and children’s voices may
show improvements with a 300 Hz cutoff. Figure 4a shows
a filter and amplifier circuit for this minimum frequency
response characteristic.

As an example of how the overall frequency response of a
particular application can minimize the need for extra

filtering, consider the DIGITALKER™ as a voice an-
nouncement circuit in a telephone system.

In this case, the telephone network provides a natural
attenuation to high frequencies that balances the SPC
high frequency pre-emphasis. As a result, the low-pass
filter previously mentioned can be eliminated. However,
because signal frequencies above 3 kHz must be attenuat-
ed before they are allowed to pass into the telephone net-
work, a cutoff filter of 3400 Hz may be required in place of
the previously mentioned 200 Hz low-pass filter. A good
filter for this application is the National Semiconductor
AF133 active filter.

In addition to the 200 Hz to 3400 Hz low-pass filter, an extra
stage of filtering can be used for frequencies above 7 kHz.
This filter is optional and is normally only used to further
reduce sampling noise. Most systems can omit this filter,
especially if the overall system bandwidth is not very wide.
A second optional filter can be included to limit the overall
low frequency response of the system. This high-pass
filter would normally cutoff below 200 Hz (adjusted to
match the 200 Hz low-pass if provided). This high-pass
filter limits low frequency noise, and can usually be omit-
ted if system characteristics do not require this function.
A circuit having the full frequency response characteristic
is shown in Figure 4b. Figure 5 shows the recommended
overall speech synthesis system frequency response.

APPLICATIONS

While the variety of synthetic speech applications are
numerous, the actual implementation in any single ap-
plication is usually limited to one of the following three
techniques:.

(a) Single channel, hardware control logic
(b) Single channel, software control logic
(c) Multichannel, hardware or software control logic

Each of these circuit approaches for the SPC will be
discussed in this section. Particular emphasis will be
placed on items (b) and (c), however, because of the broad
application possibilities for these two techniques.

Certain applications require a relatively small number of
sentences or announcements with very little similarity
between the different sentences. An example of this appli-
cation might be a talking elevator controller where the
messages are brief and non-fedundant (e.g., ““going up,
first floor, second floor”, etc.). In this application, certain
words are used repeatedly but the number of messages is
limited and the length of each message is short. This ap-
plication and others just like it, do not require the
assembly of short phrases into complete sentences, nor
do they require a dynamic message structure as would be
required with an automatic bank teller (e.g., “your change
is ten dollars”) where a monetary amount may change
from message to message. This fixed message applica-
tion, therefore, may only requlre the minimum control
circuit as shown in Figure 6.

In Figure 6, the SPC receives a separate coded input for
each complete sentence or message that is synthesized.
This input code is received by the SPC through the SW 1-8
port.

The circuit shown in Figure 6 uses a mechanical switch
group to interface the SPC while the Figure 7 circuit uses
a hardware logic controller to input the coded message
control data.
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After the proper message address is established on the
SW 1-8 port, a momentary pulse must be applied to the
WR line. If this signal is applied with a momentary action
switch, as shown in Figure 6, then an external puil-up re-
sistor should be used to pull the WR line up to logic high
and complete the on-chip switch debounce circuitry. The
suggested value of this resistance Is one megohm. The
WRinput signal will latch the coded message address into
the SPC on therising edge of WR and initiate the synthetic
speech message. Since each complete message uses a
unique address code of the SW 1-8 port, no further control
action is required after this point. The SPC will synthesize
the requested message and return to the idle state. If a
new input command signal is received, either during or
after a message is synthesized, the SPC will immediately
abort the current message and begin the new one. The cir-
cuit in Figure 7 shows a lock-out circuit to prevent the
aborting of a current message so that messages must be
completed before a new message can be initiated.

In Figure 7, a message is initiated whenever a valid code
word is applied to the eight-bit SW 1-8 port of the SPC. The
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edge Is generated to start the SPC. This latch circuit also
prevents retriggering of the SPC until after the present
speech message is completed. Once the synthesized
message has ended, the SPC will set the INTR line to the
logic one state and a reset pulse will be generated to reset
the lock-out latch. A new speech message can now be
started by momentarily applying an idle address code
followed by a valid code on the SW 1-8 input port.

The SPC will directly address up to 128k bits of speech
memory. Figure 8a shows a typical speech ROM con-
figuration of 128k using two 64k ROMs. The types of ROMs
used have mask programmable chip selects, therefore, no
extra decode logic is required for memory requirements of
less than 128k. Although this memory size is usually suffi-
cient for most applications, certain systems may require
added speech ROM addressing. The circuit in Figure 8b
shows how the speech ROM of an SPC kit can be expand-
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AN-252 Speech Synthesis

While the simple control schemes discussed so far can be
used in many applications, a far more important group of
applications will take advantage of the SPC’s ability to
construct sentences from a group of words, sounds and
phrases. This type of application uses an intelligent con-
troller or a microprocessor to string together a group of
synthesized phrases to form a complete sentence. The
electronic bank teller, previously mentioned, is a good
example of this application. The microprocessor controls
the stringing of SPC code addresses and applies them,
one at a time, to the SW 1-8 port of the SPC. Handshake
timing between the microprocessor and the SPC is pro-
vided with the INTR line. This microprocessor interface
‘arrangement is known as MICROBUS™ and the configur-
ation is shown in Figure 9.

The use of a microprocessor controller expands the versa-
tility of the SPC tremendously. Messages that are com-
posed of numerical responses or fixed phrases in random
sequence can be easily constructed from a library speech
memory. In addition, various tones or warnings can be syn-
thesized and added before, during, or after an announce-
ment to identify the urgency of each message. For exam-
ple, an automobile message may state that “oil pressure
is low”. Alone, that message may only mean that pressure
has dropped but no immediate hazard exists. If, however,
pressure has dropped below a critical value, the message

REGULATOR

could be compounded to say ‘“warning, oil pressure is low,
pull over and stop the engine”. In this latter case, phrases
of high urgency are added to the initial message to in-
crease its level of importance. Of course, the second
message is not completely separate from the first but is,
instead, an expansion of the first. This technique allows
fewer input address codes to initiate a larger number of
messages without assigning a separate address code for
each message and for each of-its derivatives. This would
be particularly important to an electronic bank teller
since a large number of monetary amounts must be syn-
thesized for a relatively small number of finished
sentences. :

When preparing a speech ROM for an SPC that will synthe-
size whole sentences from groups of phrases, it is impor-
tant to note the desired inflections. The SPC has the abili-
ty to synthesize all of the important speech attributes
including pitch and gain variations, emphasis, inflection,
etc. This leads to very high quality life-like synthetic
speech'if the stringing of phrases does not result in an

. artificial emphasis or inflection. It is important to choose

phrases carefully and to record them with the attribute
required for a realistic sentence string. The stringing
of phonemes should be avoided whenever possible be-
cause the natural inflection is usually lost in such an
arrangement. '

DATA BUS

WRITE STROBE _
>

Ag
cms

MICROBUSTM

CHIP SELECT | __
»| CS

1
<€

ER
INTERRUPT | o
- o0sc
Vss I
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FIGURE 9. DIGITALKER™ with Microprocessor (MICROBUS™) Interface
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A low cost intelligent controller for the SPC is one of the
COP400 series of microcontrollers. Figure 10 shows one
possible arrangement of an SPC system and a COP420.
The COP provides all of the advantages associated with a
MICROBUS™ interface at a relatively low cost. Because
of its limited 1/0 structure, the COP’s serial /O port is
expanded as required to obtain the desired number of
input lines.

a single channel SPC arrangement. But an entirely dif-
ferent group of products could take advantage of a multi-
ple channel approach to reduce the ROM requirements.
This group of products includes multiple elevator con-
trollers, electronic bank tellers, multiple pupil learning
centers, voice response telephone answering equipment,
telephone switching system call announcement centers,
etc. Inthis application, each channel would use a separate
SPC and amplifier circuit, but several channels would
share a common controller and speech library ROM. A
typical configuration is shown in Figure 11.

The library ROM of Figure 11 is shared over eight SPC
channels. Each SPC channel is scanned once in 16 us as

The final application technique to be covered is the
multichannel configuration. The previous arrangements
used an SPC and a dedicated set of speech ROMs to pro-
vide a single channel of synthetic speech. Appliances,
autos, toys and games, terminals, etc. would probably use

yiuAs yosads Z5z-NV
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FIGURE 10.. DIGITALKER™ with COP420/COP421 Interface
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shown in Figure 12. During each channel period of 2 us, an
SPC output address is presented to the ROM address in-
put port via a pair of octal TRI-STATE® bus drivers. After
one us, the data from the ROM is clocked into the
channel’s octal data latch, the output of which is con-
nected to the SPC ROM data input port. The remaining 1 us
of each channel cycle is provided for bus settling time.

When the speech library ROM is shared over many chan-
nels, the actual number of shared channels is controlled
by the MM54104 SPC memory cycle timing. Because the
channel scanning is asynchronous to the SPC cycle tim-
ing, it is necessary for each channel to be scanned at least
once during the high interval of the ROMEN signal. As
shown in Figure 13, this signal is high for at least 20 us of
each memory fetch cycle. Thus, a scanning rate of one
channel every 16 us will insure that each channel is
scanned at least once while the ROMEN signal is high.

One final note is necessary about the configuration in
Figure 11. Simple modifications to the counter and
decoder circuitry would allow this circuit to handle sixteen
channels. A four-line to sixteen-line decoder would
replace the three to eight decoder and the clock would
directly enable the decoder during the logic low clock
period. All sixteen channels would be scanned every 16 us

“and the scan interval for each channel wouid be one us —

one-half us of memory access time and one-half us of bus
guard time. S

The last multichannel circuit Is shown in Figure 14. This
scheme reduces the number of wires needed between the
speech ROM and each SPC channel. By muitiplexing
address and data over the same parallel bus, fewer wires
are needed. This approach is particularly attractive when
each SPC channel is located on an individual circuit card.
Atelephone central office or PABX announcement system
is a typical example of a channel per card afrrangement.
Figure 14 represents that type of system.

As shown in Figure 15, each channel of the unified bus
approach is scanned for one us. As many as sixteen chan-
nels, therefore, can be scanned during the ROMEN high
cycle of any SPC. During each channel scan, the bus is
gated to transmit the ROM address to latches on the ROM
-circuit board. The address Is sent in two bytes. After a brief
delay of one-half us, the bus is gated to return the
requested ROM data to the same SPC channel. This data
is then latched on the SPC channel card. This scheme is
very straightforward. It exchanges reduced interconnect
wiring for additional logic circuits.

To minimize interconnect wiring when using a unified bus
structure, the SPC control logic would probably be con-
figured on a per channel basis. The COP microcontroller,

1MHz CLOCK _J l I l I

BTN SR

LI
1 -

o |

T L fF

Y1
ONE CHANNEL {2 us) —]

—
L%

ROM DATA CLOCKED INTO
SELECTED 74LS374 DATA
i LATCH ON RISING EDGE

*Note: Selected 81LS95 output enabled during
this interval. Output is current ROM address

code from SPC.

FIGURE 12. Multichannel Timing Dlagram
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once again, is a logical choice for this function. The COP
controller initiates and assembles a group of fixed
messages. Because of general similarities between the
various messages, phrase strings are used to construct
each finished message. Also, the circuit in Figure 14
allows one message to contain a non-fixed message—a
telephone number. The COP controller reads a group of
program switches or receives a down-loaded number from
the switching system’s central processor. It then inserts
this number into the appropriate place during the syn-

TO ADDITIONAL r
CH,

thesis of the folloWing typical message—*“The number
you are calling has been changed. The new number is
555-3434". The ROM library in this case contains the

phrases required for message construction and the data '
needed to synthesize the name of each decimal digit. The

library could also contain the names of the teen digit pairs,
and the words “hundred” and “thousand”. These would be

used to synthesize the words “thirteen hundred” or “two -

thousand”, etc.
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AN-252 Speech Synthesi

SUMMARY

This application note describes some of the versa-
tility. and flexibility of the National Semiconductor
DIGITALKER™ System. This system provides low cost
speech and tone synthesis for products ranging from
consumer items to computers. It provides a reliable alter-
native to mechanical systems (l.e., tape decks) without
sacrificing volce quality. Also described in this note are a
few of the most popular circuit arrangements possible
with the DIGITALKER™. Of particular interest are the
methods outlined to assemble whole messages from
phrase groups and the schemes used for multichannel
synthesizer systems. This latter application is particularly
interesting because of the memory savings for the
multichannel user.

“The reci of these p
such pl , to
thereon, and io use, sell, or olherwise dispose of such products’:
Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available.
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I. RELIABILITY vs. QUALITY

The words “reliability” and “quality” are often used
interchangeably, as though they connoted identical
facets of a product’'s merit. But reliability and quality are
different, and IC users must understand the essential
difference between the two concepts in order to properly
evaluate which of National's extended screening
programs, A+ or B+ will offer the most cost effective
product improvement for his application.

QUALITY

The concept of QUALITY gives us information about the
population of faulty IC devices among good devices,
and generally relates to the number of faulty devices
that arrive at a user’s plant. Looked at in another way,
quality then relates to the number of faulty IC’s that

. escape detection at the IC vendor’s plant.
At National it is the charter of the Qualitv Control (QC)
Operation to ‘continually monitor and reduce the number
of faulty IC’s that escape detection. QC does this by
testing the outgoing parts on an Acceptance Quality
Level (AQL) basis." The tighter the AQL testing, the
more difficult it becomes for a defettive part to escape
detection, thus the quality of the shipped product
increases.

RELIABILITY

The concept of RELIABILITY, on the other hand, refers
to how well a part that-is initially good will withstand its
environment. Reliability cannot be tested into a device.
Reliability is principally a function of device design, die
size, power dissipation, assembly methods and material,
etc. Still there are tests and procedures that an IC
vendor can implement which will subject the IC to stress
in excess of what it will endure in actual use, which will
eliminate marginal, short-life parts.

On this basis, it is easily seen that it iS possible that
high quality IC’s may, in fact, have low reliability, while
low quality IC’s may have high reliability. The object of
extended screening programs is: (1) to enhance the
quality by reducing the population of faulty devices
among good devices and by so doing, eliminate the
costly requirement of incoming tests by, the user, and
(2) provide maximum long term reliability minimizing
equipment down-time, costly repairs and maintenance.

Il. QUALITY SAVES YOU MONEY

When an IC vendor specifies 100% final testing of his
parts then, in theory, every shipped part should be a
good part. However, in any population of mass-
produced items there does exist a 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. This
is exactly what tightening of the outgoing AQL level
achieves.

WHAT IS AQL?

A good example of savings which can be achieved by
taking advantage of tighter AQL'" inspection levels is
illustrated as follows: '

Assume a system uses 100 devices of a certain type
which are procurred to a 1% AQL level, and no
incoming inspection/testing is done by the user.
Statistically it can be shown that the number of
systems that will require rework will be 80% of all
systems manufactured! If enough devices are
purchased to manufacture 100 systems (10,000
devices) and the cost to trouble shoot and repair each
system is $30.00, the total cost of repair will be
$2,400 (80% of 100 systems at $30.00 each).

Thus, the need for some preliminary component
screening prior to system assembly becomes obvious.

However, if the same devices are procurred to a 0.14%

AQL level, which is seven times tighter than originally
assumed, it can be shown that the number of systems
requinng rework is reduced by a iaciur Ui 1our, williGut
the need for incoming inspection.

Thus, on a 100 system basis, 20 systems will require
repair at $30.00 per system, or a total of $600.00. A
savings of $1,800 is realized, and the user need not
invest in expensive capital equipment, procedures, and
paper work.

On a “savings per device” basis, this is a savings of 18¢
per device. Indeed, Quality saves you money!

This is the value added by the A+ and B+ Linear
programs.

1l. RELIABILITY SAVES YOU MONEY

With the increased population of integrated circuits in
modern electronics systems has come an increased
concern with IC failures. And rightly so, for at least two
major reasons. First, 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% reliable. You would
find that if your system used only 70 such IC’s the
overall reliablility of the system’s IC portion would be
only 50%.

In other words, ‘one out of every two systems in the field
would fail. The result? A system that is very costly to
produce, costly to maintain, and probably very difficult to
sell.

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

(1) AQL testing is not to be confused with “in process” or electrical
parameter testing in the normal product flow. All National prod-
ucts are 100% tested for electrical data sheet parameters.
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IV. IMPROVING THE RELIABILITY OF SHIPPED
PARTS .

As was previously mentioned, reliability, in the true
sense cannot be tested into a product. The most
important factors that affect reliability are design,
construction, materials and the assembly method.
However, many of these can be examined and
monitored by testing. As a matter of routine, National
frequently performs 1000 hour burn-in life test and
accelerated life tests to continually guarantee the quality
and reliability of the linear product which is being
shipped to customers. For example, the quality of the
die attach for voltage regulators can be monitored by
observing the thermal characteristics associated with
“pulse loading” the regulator. This is a technique which
National Linear pioneered over 10 years ago and still
performs on a 100% basis on three terminal regulators
at no additional cost to the user. Many such tests,
including destructive and non-destructive wire bond pull
tests are a matter of routine with National.

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

One of, if not the most effective screening procedures in
the Semiconductor industry, is the use of ‘a burn-in to
stress and accelerate the failure of weak parts.

Thus, burn-in screen plus the tightened AQL outgoing
testing, is the key to the A+ Linear Program.

QUALITY AND RELIABILITY PROGRAMS FOR
MOLDED LINEAR PRODUCTS

One concern, with regard to quality and reliability in
molded plastic products, is the problem of thermal
intermittents. This problem first came to light in 1970
and plagued all semiconductor manufacturers. Since
that time considerable efforts have been focused on
improving lead bonding and lead frames to make them
stronger and more reliable as well as improvements in

' the package molding material itself.
' “To better understand the problems a brief discussion of

thermal intermittents is in order.

Because wires and bonds are completely imbedded in
plastic, molded integrated circuits are extremely
rugged devices. They can survive mechanical shock
and vibration conditions which would literally tear the
bonds and wires to pieces in a cavity type package.
However, the non-cavity construction does present a
unique problem. Sould a bond fracture or a wire
break for some reason, the broken bond will remain in
contact as long as the surrounding encapsulant
continues to exert a compressive force on the bond.
However, as the temperature increases, the )
compressive forces tend to relax due to the thermal
mismatches between the lead frame, die, wires and
the plastic.

Ultimately, if a high enough temperature is reached,
the broken bond will separate, causing an electrical
discontinuity. The phenomenon is frequently

reversible, that is, as temperature decreases,
electrical continuity is restored. This type of
discontinuity is commonly referred to as a THERMAL
INTERMITTENT OPEN. If electrical continuity does
not return when the package temperature returns to
ambient, then a permanent open has occurred.

If such defects occur during the manufacturing cycle
of the device, and are not screened out by the
manufacturer's testing sequence or by some
screening test imposed by the user, they will show up
as infant mortality failures in the user's equipment. If
they occur during the user's equipment manufacturing
cycle (due to solder heat exposure, for example) they
will also show up as infant mortality failure.

The best way to screen for this phenomenon is to
perform temperature cycling and “Hot Rail” testing after
the device has been manufactured. The temperature
cycling will stress the package mechanically to force the
intermittent to occur if such a failure exists. The “Hot
Rail” testing is performed to determine the functionality
of the device at 100°C to ensure there are no open
bonds at the worst case condition.

NATIONAL'S B+ LINEAR PROGRAM GETS
IT ALL TOGETHER

We have stated that the B+ program improves both the
quality and 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 inspection, which is a
tightened sample program, all steps of the B+ process
are performed on 100% of the parts. The following flow
chart shows how we do it, step by step.

EPOXY B PROCESSING FOR ALL MOLDED
PARTS -~ )

At National, all molded semiconductors,
including IC's have been built by this process
for some time. All processing steps, -
inspections and QC monitoring are designed to
provide highly reliable products. (Reliability
reports are available that give, in detail, the
background of Epoxy B, the reason for its
selection at National and refiability 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 connections.

FIVE TEMPERATURE CYCLES

(0°C to 100°C)

Exercising the circuits over a 100°C
temperature range further stresses the bonds
and eliminates marginal bonds missed during
the bake.

ELECTRICAL TESTING

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




HIGH TEMPERATURE (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 — 30°C higher than the
commercial ambient limit. All devices are
thoroughly exercised at the 100°C ambient.
(Even though Epoxy B processing has virtually
eliminated thermal intermittents, we perform
this test to ensure against even the remote
possibility of such a problem.)

100% DC FUNCTIONAL AND

PARAMETRIC TESTS -

This is the second time that room-temperature
functional and parametric tests are performed
to National data sheet electrical limits.

TIGHTER-THAN-NORMAL QC INSPECTION

PLANS — .

Most vendors sample inspect outgoing parts to
A N BENS [acin mmmn amn s 407N AAL A Ian
& C.887% {crin somc cascs a 100) AQL. When

you specify the B+ program, however, not only
do we sample your parts to a 0.28% AQL for
all data sheet dc parameters, but they receive
a 0.14% AQL for functionality as well.
(Functional failures — not parameter shifts —
cause most system failures.) Thus, the five to
seven-times tightening of the AQL procedure
gives a substantially higher quality to your B+
parts. And you can rely on the integrity of your
received IC’s without incoming tests at your
facility.

SHIP PARTS

Here are the QC Procedures used in our B+ test
program:

TEST TEMPERATURE AQL
Electrical Functionality 25°C 0.14%
Parametric, dc 25°C 0.28%
Major Mechanical 25°C 0.25%

Minor Mechanical 25°C 1%

NATIONAL’S A+ LINEAR PROGRAM —
THE ULTIMATE IN QUALITY AND
RELIABILITY

National has combined the successful B+ program with

the Military/Aerospace processing specifications and
. provides the A+ program as the best cost-effective
approach to maximum quality and reliability on molded
devices. The following flow chart shows how we do it
step by step. The major difference between B+ and the
A+ is the burn-in associated with the A+ program.

SEM -

Randomly selected wafers are taken from
production regularly and subjected to SEM
analysis. '

EPOXY B SEAL —

At National, all molded semiconductors,
including IC’s have been built by this process
for some time. All processing steps,
inspections and QC monitoring are designed to
provide highly reliable products.

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 connections.

FIVE TEMPERATURE CYCLES

(0°C to 100°C) —

Exercising the circuits over 100°C temperature
range further stresses the bonds and
eliminates any marginal bonds missed during
the bake.

ELECTRICAL TESTING —

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

BURN-IN TEST —

Devices are stressed at maximum operating
conditions to eliminate marginal devices. Test
is performed per MIL-STD-883A, Method
1015.1.

HIGH TEMPERATURE (100°C) FUNCTIONAL
ELECTRICAL TEST -

A high temperature test with voltages applied
places the die under the most severe stress
possible. The test is actually performed at
100°C — 30°C higher than the commercial
ambient limit. All devices are thoroughly
exercised at the 100°C ambient.

100% DC FUNCTIONAL AND

PARAMETRIC TESTS -

This is the second time that room-temperature
functional and parametric tests are performed
to National data sheet electrical limits.

TIGHTER-THAN-NORMAL QC
INSPECTION PLANS -
Most vendors sample inspect outgoing parts to
a 0.65% (or in some cases a 1%) AQL. When
you specify the A+ program, however, not only
do we sample your parts to a 0.28% AQL for
all data sheet dc parameters, but they receive
0.14% -AQL for functionality as well. (Functional
failures — not parameter shifts beyond spec —
cause most system failures.) Thus, the five- to
seven-times tightening of the sampling AQL
procedure gives a substantially higher quality
to your A+ parts. And you can rely on the

- integrity of your received IC’s without incoming
tests at your facility.

SHIP PARTS
Here is the QC precedure used in our A+ test program:
TEST TEMPERATURE AqQL
Electrical Functionality 25°C 0.14%
Parametric, dc 25°C 0.28%
Major Mechanical 25°C 0.25%
Minor Mechanical 25°C 1%

* Note: New AQL's will be in effect June '82. Consult your local
Sales Office.
QUALITY AND RELIABILITY PROGRAM FOR
HERMETIC PACKAGED LINEAR PRODUCT

An improved quality and reliability program, similar to
that which is available for molded products, is also
available for commercial temperature range hermetic
packages.
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There is one major difference between the molded A+
program and the hermetic package A+ program. Since
there is no material in contact with the wire bonds in a
hermetic package, the need for “Hot Rail” functional ,
testing at 100°C is of no benefit and therefore not
included. The devices are electrically tested (100%),
then burned-in and then 100% electrically tested again.
If a bond failure were to occur during burn-in, there is
no material in contact with the bond (such as plastic in
the case of molded products) that would tend to restore
the bond when the device cooled. The result is that a
weak bonding wire, once broken causing an “open” will
remain open and be caught at the second 100%
electrical screening.

The A+ hermetic package program flow chart is shown
below. ’

NATIONAL’'S A+ PROGRAM FLOW CHART
FOR HERMETIC PACKAGES

National has extended the successful B+ and A+
molded product programs to hermetic packages. We
believe this to be the best practical approachto
maximum quality and reliability for commercial devices.
The following flow chart explains this program step by
step.

SEM -

Randomly selected wafers are taken from
production regularly and subjected to SEM
analysis. /

ASSEMBLY AND SEAL -

_ All processing steps, inspections, and QC
monitoring are designed to provide highly
reliable products. MIL-STD-883 is the guideline
by which all linear products are manufactured.

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 connections.

- FIVE TEMPERATURE CYCLES
(0°C to 100°C) —
Exercising the circuits over 100°C temperature
range further stresses the bonds and
eliminates any marginal bonds missed during

ELECTRICAL TESTING —
Every device will be 100% tested at 25°C for
functional and dc parameters.

BURN-IN -

Devices are stressed at maximum operating
conditions to eliminate marginal devices. Test
is performed per MIL-STD-883A method
1015.1.

DC FUNCTIONAL AND

PARAMETRIC TESTS -

These room temperature functional and
parametric tests are the normal, final tests
through which all National products pass. This
is the second time 100% electrical testing is
performed.

TIGHTER-THAN-NORMAL QC

INSPECTION PLANS -

Most vendors sample inspect outgoing parts to
a 0.65% (or in some cases a 1%) AQL. When
you specify the A+ program, however, not only
do we sample your parts to a 0.28% AQL for
all data sheet dc parameters, but they receive
0.149% AQL for functionality as well. (Functional
failures — not parameter shifts beyond spec —
cause most system failures.) Thus, the five- to
seven-times tightening of the sampling
procedure gives the highest quality to your A+
parts. And you can rely on the integrity of your
received IC's without incoming tests at your
facility. '

SHIP PARTS

Here are the QC Sampling plans used in
our A+ test program:

TEST TEMPERATURE  AQL"
Electrical Functionality 25°C 0.14%
Parametric, dc 25°C 0.28%
Major Mechanical 25°C 0.25%
Minor Mechanical 25°C 1%

* Note: New AQL's will be in effect June '82. Consult your local
Sales Office. . \

the bake. \
HERMETIC
PROCESS FLOW N E H AND J
PACKAGE '
DESCRIPTION A+ B+ - A+
100% High Temperature Storage — 6 Hours @ 150°C X X X
100% Temperature Cycling, 5 Cycles — 0° to 100°C X X N X
100% Burn-in per MIL-STD-883A, Method 1015.1 X X
100% High Temperature Test for Functionality at 100% X X
100% DC Functional parametric Tests at Room Temperature X X X
Tightened QC Inspection Plan X X X
Q.C. SAMPLE PLAN
TEST TEMPERATURE AQL
Electrical Functionality 25°C 0.14%
Parametric, dc 25°C 0.28%
Major Mechanical 25°C 0.25%
‘Minor Mechanical 25°C 1%

14-6




A synopsis of the A+ and B+ programs is shown on
the preceding page. Also shown below is a listing of
some of the most popular devices which are processed
to this program and are readily available.

For more information about this, or other National Linear
programs, please contact your local representative.

LF13331 LM1458 LM307 LM324 LM3900 LM723C
LF13741 LM1496 LM308 LM3301 LM393 LM725C
LF347 LM2900 LM3080 LM3302 LM4250C LM733
LF351 LM2901 LM310 LM339 LM555C LM741C
LF3563 LM2902 LM311 LM3401 LM556 LM747C
LF355 LM2903 LM318 LM346 LMS566 LM748C
LF356 LM2904 LM319 LM348 LM567
LF357 LM301A LM358 LM709C

LM360

LM361
SUMMARY

The B+ program, although offering improved Reliability
attendent with additional stress testing, is primarily
aimed at enhancing the quality of incoming devices and
thus eliminating the need for incoming testing by the
user. This program offers significant cost savings to the
user and eliminates the need for the investment in
expensive capital equipment to perform this testing. For
all general, but relatively non-critical circuits, the B+
program is the most cost-effective.

The A+ program incorporates not only the quality
inherent with B+ program, but also adds burn-in for the
ultimate in Reliability testing. The A+ program is
recommended as the most cost-effective program for
components which the user deems to be the most
critical in his system.

Both programs, A+ and B+, incorporate high
temperature stress, double testing, and very tight
out-going AQL QC proceedures.

ORDER INFORMATION

Any of the devices listed molded or hermetic package,
may be ordered to the A+ program simply by adding
the term A+ behind the device number, with a slash (/)
in between. :
Examples:
LM348N/A+
LF356H/A+
LM1458J/A+
Likewise, any molded (N package) product may be
ordered to the B+ program by adding the term B+
behind the device number. ’
Examples:
LF351N/B+ .
LM741CN/B+
For devices not listed, contact your local National

Semiconductor Sales office for information on
availability and ordering information.
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MIL-STD-883/MIL-M-38510

-
National
Semiconductor
MIL-STD-883 : T
Mil-Standard-883 is a Test Methods and Procedures
Document for Microelectronic Circuits. It was
derived from MIL-S-19500, MIL-STD-750, and
MIL-STD-202C for transistors and diodes at about
the time that National Semiconductor Corporation
was entering the military microelectronics market.
As a result, our standard quality control operations
are written around MIL-STD-883. The bonding
control, visual inspections, and post seal screening
requirements set forth by 883 (as well as added
control - procedures beyond the requirements of
883) have been part of National's quality control
procedures almost from the start. Our Quality
Assurance Procedures Manual is available upon
request.

We offer a complete line of linear/883 (Class B)
products as standard, off-the-shelf items. Special
Linear/883 data sheets have been prepared to
reflect this capability. They show process flow,
electrical parameters, end of test criteria, and test
circuits. We save you the problem of specifying test
and inspection procedures, and offer significant
cost savings by having an off-the-shelf, “to the
letter”” 883 program. In addition, we will test any
of our integrated circuits to any class of MIL-
STD-883. ’ ’

MIL-M-38510

MIL-M-38510 specifies the general requirements
for supplying microcircuits. These are; product
assurance, which includes screening and quality

conformance inspection; design and construction;

marking; and workmanship. The screening and
quality conformdnce inspection are conducted in
accordance with MIL-STD-883.

Screening

All microcircuits delivered in accordance with MIL-
M-38510 must have been subjected to, and passed
all the screening tests detailed in Method 5004 of
MIL-STD-883 for the type of microcircuit and
product assurance level.

The device electrical and package requirements of
MIL-M-38510 are detailed by a device specification
referred to as a slash sheet. Each slash sheet defines
the microcircuit electrical performance and mech-
anical requirements. Each device listed on a slash
sheet is referred to as a slash number and the group
of the microcircuits contained on a slash sheet is
defined as a family of devices. The device may be
Class B or C as defined by MIL-STD-883, Method
5004 and 5005. Three lead finishes are allowed
by the slash sheet, pot solder dip, bright tin plate,
and gold plate.

The MIL-M-38510 specs for standard linear devices
require 100% DC testing at 25°C, -55°C and
+126°C. AC testing is performed at +25°C. The
electrical parameters specified are tighter than the
normal data sheet guaranteed limits. Additionally,
MIL-M-38510 requires device traceability, exten-
sive documentation and closely matched mainten-
ance.

Quality Conformance

Quality conformance inspection is conducted in
accordance with the applicable requirements of
Group A, (electrical test), Group B and C, (environ-
mental test) of Method 5005, MIL-STD-883. These
tests are conducted on a sample basis with GroupA
performed on each sublot, Group B on each lot,
and Group C as specified (usually every three
months). -

To supply devices to MIL-M-38510, the IC manu-
facturer must qualify the devices he plans to supply
to the detail specifications. Qualification consists
of notifying the qualifying activity of one’s.intent
to qualify to MIL-M-38510. After passing compre-
hensive audits of facilities and documentation
systems, the IC manufacturer will subject the
device to and demonstrate that they satisfy all of
the Group A, B, and C requirements of Method
5005 of MIL-STD-883 for the specified classes and
types of IC. The qualification tests shall be moni-
tored by the qualifying agency. Finally the IC
manufacturer shall prepare and submit qualifica-
tion test data to the qualifying agency. Groups A,
B, and C inspections then shall be performed at
intervals no greater than three months.

The purpose of qualification testing is to assure
that the device and lot quality conform to certain
standard limits. In effect, lot qualification tests
tend to ensure that once a particular device type
is demonstrated to be acceptable,. it's production,
including materials, processing, and testing will
continue to be acceptable. These limits are speci-
fied in MIL-STD-883 in terms of LTPD’s (Lot
Tolerance Percent Defective) for the various quali-
fication test sub-groups. Qualification testing is
performed on a sample of devices which are chosen
at random from a lot of devices that has satisfac-
torily completed the screening of Method 5004
must be performed on each device, i.e. on a 100%
basis as opposed to qualification testing (Method
5005) which occurs on a random sample basis.

In sﬁmmary, the entire purpose of MIL-M-38510
and MIL-STD-883 is to provide the military,
through its contractors with standard devices.

We at National Semiconductor have supplied and
are supplying devices to the M{L-M-38510 specifi-
cations.. To order a MIL-M-38510 microcircuit,
specify the following:

.For example; to specify an LM741 in a DIP
‘processed to the requirements of MIL-M-38510,
Class B, with gold plated leads, specify M-38510/
10101BCC.

MM38510/ XXX XX . X X X
Specifies the Slash Device Device Case Lead
General Require- Sheet Type Class Qutline Finish
ments of No.
MIL-M-38510




National National :
Device No. Function Direct Device No. Function Direct -
Replacement Replacement (]
)
-
FAIRCHILD FAIRCHILD : (Continued) O
#A101AHM General Purpose Op Amp LM101AH #A2901PC Dual Internally Compensated Op Amp LM2901N -
#A102HM Voltage Follower LM102H #A3046DC Transistor Array LM3046N °
pA107HM General Purpose Op Amp LM107H #A3064PC TV Automatic Fine-Tuning Circuit LM3064N m
#A108AHM Super Beta Op Amp LM108AH nA3075PC FM IF Limiter/Detector/Audio Preamplifier LM3075N (D
#A108HM Super Beta Op Amp LM108H nA3086PC Transistor Array LM3086N
#A110HM Voltage Comparator LM110H unA3301P Quad Single Supply Amplifier LM3301N m
pAT11HM Voltage Comparator LM111H nA3302P Quad Comparator LM3302N (D
pA111RM Voltage Comparator LM111J-8 1#A3401P Quad Single Supply Amplifier LM3401N —tn
uA201AHM General Purpose Op Amp LM201AH pAF111HM Voltage Comparator LF111H ‘D
nA201AT General Purpose Op Amp LM201AN pAF211HM Voltage Comparator LF211H 3
pA207HM General Purpose Op Amp LM207H nAF311HC Voltage Comparator LF311H :
nA208AHM Super Beta Op Amp LM208AH
pA208HM Super Beta Op Amp LM208H MOTOROLA o
WA301AHC General Purpose Op Amp LM301AH N (1]
4A301ATC General Purpose Op Amp LM301AN LF155AH Monolithic JFET Op Amp LF155AH
#A302HC Voltage Follower LM302H LF155H Monolithic JFET Op Amp LF155H ()
LA307THC General Purpose Op Amp LM307H LF156AH Monol,lh!c JFET Op Amp LF156AH :
WA307TC General Purpose Op Amp LM307N LF156H Monolithic JFET Op Amp LF156H —
4A30BAHC Super Beta Op Amp LM308AH LF157AH Monolithic JFET Op Amp LF157AH Q.
HA30BHC Super Beta Op Amp : LM308H LF157H ~ Monolithic JFET Op Amp LF157H o
4A309KC 5 Volt Regulator LM309KC STSISAN MonGhiniG JTIT Sp Anip T OLLAL
WA310HC Voltage Follower LM310H LF355H Monolithic JFET Op Amp LF355H
HnA311HC Voltage Comparator LM311H LF355N Monolithic JFET Op Amp LF355N
WA311R Voltage Comparator LM311J-8 LF356AH Monolithic JFET Op Amp LF356AH
WA3NTC Voltage Comparator LM311N LF356H Monolithic JFET Op Amp LF356H
uA324PC °  Quad Op Amp . LM324N LF356N Monolithic JFET Op Amp LF356N
WA339APC Quad Gomparator . LM339AN LM117H 3-Terminal Adj. Positive Regulator LM117H
«A339PC Quad Comparator LM339N LM117K 3-Terminal Adj. Positive Regulator LM117K
nA376TC Voltage Regulator LM376N LM123K Positive Voltage Regulator LM123K
1AB55HC Single Timing Gircuit LM555CH LM317H 3-Terminal Adj. Positive Regulator - LM317H
WAB55HM Single Timing Circuit LM555H LM317K 3-Terminal Ad). Positive Regulator LM317K
uAB55TC Single Timing Circuit LM555CN LM317T ' 3-Terminal Adj. Positive Regulator LM317T
WA556PC Dual Timing Circuit LM556CN MC1303P Dual Stereo Preamplifier LM1303N
WATO9AHM High Performance Op Amp LM709AH MC1310P FM Stereo Demodulator LM1310N
WA709HC High Performance Op Amp LM709CH MC1408L6 8-Bit Multiplying D/A Converter LM1408J-6
WATO9HM High Performance Op Amp LM709H MC1408L7 8-Bit Multiplying D/A Converter LM14084-7
LAT09PC High Performance Op Amp LM709CN MC1408L8 8-Bit Multiplying D/A Converter LM1408J-8
WAT09TC High Performance Op Amp LM709CN-8 MC1408P6 8-Bit Multiplying D/IA Converter LM1408N-6
#AT10HC High Speed Differential Comparator LM710CH MC1408P7 8Bit Multiplying D/A Converter LM1408N-7
WAT10HM High Speed Differential Comparator LM710H MC1408P8 &Bit Multiplying D/A Converter LM1408N-8
#AT10PC High Speed Differential Comparator LM710CN MC1414L Dual Differential Comparator . Lm1414J
HwAT11HC Dual Comparator LM711CH MC1414P Dual Differential Comparator LM1414N
WAT1THM " Dual Comparator LM711H MC1496G Balanced Modulator-Demodulator LM1496H
WAT11PC Dual Comparator LM711CN MC1496P Balanced Modulator-Demodulator LM1496N
wA723DC Precision Voltage Regulator LM723CJ MC1508L8 8-Bit Multiplying D/A Converter LM1508D-8
1uA723DM Precision Volitage Regulator LM723J MC1514L Dual Differential Comparator LM1514J
HAT23HC Precision Voltage Regulator LM723CH MC1596G Blanced Modulator-Demodulator LM1596H
wAT23HM Precision Voltage Regulator LM723H MC1710AG Differential Comparator LM710AH
uA723PC " Precision Voltage Regulator LM723CN MC1710CG Ditferential Comparator LM710CH
WAT25AHM Instrumentation Op Amp LM725AH MC1710CP Differential Comparator LM710CN
uAT25HC Instrumentation Op Amp LM725CH MC1710G Differential Comparator LM710H
pAT25HM - Instrumentation Op Amp LM725H . MC1711CG Dual Differential Comparator LM711CH
wA733HC Differential Video LM733CH MC1711CP Dual Differential Comparator LM711CN
pA733HM Differential Video LM733H MC1711G Dual Differential Comparator LM711H
pA741AHM Frequency Compenséted Op Amp LM741AH MC1723CL Adj. Positive or Negative Volit. Regulator LM723CJ
pA741DC Frequency Compensated Op Amp LM741CJ-14 MC1723CP Adj. Positive or Negative Volt. Regulator ~ LM723CN
#AT41EHC Frequency Compensated Op Amp LM741EH MC1723L Adj. Positive or Negative Volt. Regulator ~ LM723J
HA7T41HC Frequency Compensated Op Amp LM741CH . MC1733CG, Differential Video Amp LM733CH
wAT41HM Frequency Compensated Op Amp LM741H MC1733CP Differential Video Amp LM733CN .
wAT41PC Frequency Compensated Op Amp LM741CN-14 MC1733G Differential Video Amp LM733H
uAT41RC Frequency Compensated Op Amp LM741CJ MC1741CG General Purpose Op Amp ' LM741CH
wAT41TC Frequency Compensated Op Amp LM741CN MC1741CL General Purpose Op Amp LM741CJ-14
wAT46PC Chroma Demodulator LM746N MC1741CP1 General Purpose Op Amp LM741CN
wATATAHM . Dual Frequency Compensated Op Amp  LM747AH MC1741CP2  Generla Purpose Op Amp LM741CN-14
HATATEHC Dual Frequency Compensated Op Amp  LM747EH MC1741G - General Purpose Op Amp LM741H.
pAT4THC Dual Frequency Compensated Op Amp LM747CH MC1741L General Purpose Op Amp LM741J-14
WAT4THM Dual Frequency Compensated Op Amp  LM747H MC1741U ~  General Purpose Op Amp LM741J
wAT47PC Dual Frequency Compensated Op Amp LM747CN MC1747CG Dual MC1741 Op Amp LM747CH
wAT48HC Op Amp . LM748CH MC1747CL Dual MC1741 Op Amp LM747CJ
pAT48HM Op Amp LM748H MC1747CP2 Dual MC1741 Op Amp LM747CN
rAT48TC Op Amp LM748CN MC1747G Dual MC1741 Op Amp ' LM747H
#A760HC High Speed Differential Comparator - LM760CH MC1747L Dual MC1741 Op Amp LM747J
prA7T96HC 3-Terminal. Positive Voltage Regulator LM1496H MC1748CG General Purpose Op Amp LM748CH
nA796PC 3-Terminal Positive Voltage Regulator LM1496M MC1748CP1 General Purpose Op Amp LM748CN
nA798HM Dual Op Amp LM358H MC1748CU General Purpose Op Amp LM748CJ
nA1558HM Dual Internally Compensated Op Amp LM1558H MC1748G General Purpose Op Amp LM748H
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Linear Cross Reference Guide

National National
Device No. . Function Direct Device No. ' Function Direct
Replacement . Replacement

MOTOROLA (Continued) MOTOROLA (Continued)
MC1748U General Purpose Op Amp LM748J MLM339AL Quad Comparator LM339AJ
MC2901P Quad Comparator LM2901N MLM339AP Quad Comparator LM339AN
MC2902P Quad Op Amp LM2902N MLM339L Quad Comparator LM339J
MC3301P Quad Op Amp LM3301N MLM339P Quad Comparator LM339N
MC3302P Quad Comparator LM3302N MLM358G Dual Op Amp LM358H
MC3401P Quad Op Amp LM3401N MLM358P! Dual Op Amp LM358N
MC34001AP LF411CN MLMS565CP Phase Locked Loop LM565CN
MC34022BP LF412ACN '
MC78XXCK Positive Voitage Regulator LM78XXCK PMI
MC78XXCT Positive Voltage Regulator LM78XXCT OP-15FG LF411ACH
MC78LXXACG Positive Voitage Reguiator LM78LXXACH OP-15GP LF411CN
MC78LXXACP Positive Voltage Regulator LM7BLXXACZ OP-15FP LF411ACN
MC78LXXCG  Positive Voltage Regulator LM78LXXCH OP-15CH LF411CH
MC78LXXCP  Positive Voltage Regulator LM78LXXCZ * PM108AJ Operational Amplifier LM108AH
MC79XXCK Negative Voltage Regulator LM79XXCK PM108J Operational Amplifier LM108H
MC79XXCT Negative Voltage Regulator LM79XXCT PM155AJ JFET Input Op Amp LF155AH
MC79LXXACP  Negative Voltage Regulator LM79LXXACZ PM155J JFET Input Op Amp LF155H
MC79LXXCP  Negative Voltage Regulator . LM79LXXCZ PM156AJ JFET Input Op Amp LF156AH
MLM101AG Gen. Purpose Adj. Op Amp LM101AH PM156J JFET Input Op Amp LF156H
MLM101AU Gen. Purpose Adj. Op Amp LM101AJ PM157AJ JFET Input Op Amp LF157AH
MLM107G General Purpose Op Amp LM107H PM157J JFET Input Op Amp LF157H
MLM107U General Purpose Op Amp LM107J PM208AJ Operational Amplifier LM208AH
MLM108AG Precision Op Amp LM108AH PM208J Operational Amplifier LM208H
MLM108AU Precision Op Amp LM108AJ PM255J JFET Input Op Amp LF255H
MLM109G Positive Voltage Regulator LM109H PM256J JFET Input Op Amp LF256H
MLM110G Unity Gain Op Amp LM110H PM257J JFET Input Op Amp LF257H
MLM110U Unity Gain Op Amp LM110J-8 PM308AJ Operational Amplifier LM308AH
MLM111G Voltage Comparator LM111H PM308J Operational Amplifier LM308H
MLM111L Voltage Comparator LM111Y PM355AJ JFET Input Op Amp LF355AH
MLM111U Voltage Comparator LM111J-8 PM355J JFET Input Op Amp LF355H
MLM124L Quad Op Amp LM124J PM356AJ JFET Input Op Amp LF356AH
MLM124P Quad Op Amp LM124N PM356J JFET Input Op Amp LF356H
MLM139AL Quad Comparator LM139AJ PM357AJ JFET Input Op Amp LF357AH
MLM139L Quad Comparator LM139J PM357J JFET Input Op Amp LF357H
MLM158G . Dual Op Amp LM158H PM725CJ Operational Amplifier LM725CH
MLM201AG General Purpose Op Amp LM201AH PM7254 Operational Amplifier LM725H
MLM201API General Purpose Op Amp LM201AN * PM741CJ Compensated Op Amp LM741CH
MLM207G General Purpose Op Amp LM207H PM741J Compensated Op Amp LM741H
MLM207U General Purpose Op Amp LM207J PM747CJ Dual Compensated Op Amp LM747CH
MLM208AG Precision Op Amp LM208AH PM747J Dual Compensated Op Amp LM747H ,
MLM208AL Precision Op Amp LM208AJ PM1558 Dual Compensated Op Amp LM1558H
MLM208AU Precision Op Amp LM208AJ-8
MLM208G Precision Op Amp LM208H SIGNETICS
MLM208L Precision Op Amp LM208J uAT09AT Operational Amplifier LM709AH
MLM208U Precision Op Amp LM208J-8 uA709CN Operational Amplifier LM709CN-8
MLM209G Positive Voltage Regulator LM209H uAT09CN-14 Operational Amplifier LM709CN
MLM211G Voltage Comparator LM211H pAT09CT Operational Amplifier LM709CH
MLM211L Voltage Comparator LM211J #A709T Operational Amplifier | LM709H
MLM211U Voltage Comparator LM211J-8 #AT10CN-14 Differential Voltage Comparator LM710CN
MLM224L Quad Op Amp LM224J uA710CT Differential Voltage Comparator LM710CH
MLM239AL Quad Comparator LM239AJ #AT10T Differential Voltage Comparator LM710H
MLM239L .Quad Comparator LM239J pAT11CN Dual Voltage Comparator LM711CN
MLM258G Dual Op Amp LM258H pAT11CT Dual Voltage Comparator LM711CH
MLM301AG General Purpose Op Amp LM301AH pAT1IK Dual Voltage Comparator LM711H
MLM301API General Purpose Op Amp LM301AN pA723CF Precision Voltage Regulator LM723CJ
MLM307G General Purpose Op Amp LM307H pA723CL Precision Voltage Regulator LM723CH
MLM307PI General Purpose Op Amp LM307N puAT23CN Precision Voltage Regulator LN723CN
MLM307U General Purpose Op Amp LM307J pAT23F Precision Voltage Regulator LM7234
MLM308AG Precision Op Amp LM308AH pAT23L Precision Voltage Regulator LM723H
MLM308AL Precision Op Amp LM308AJ pA7T33CN Differential Video Amp LM733CN
MLM308API Precision Op Amp LM308AN #A733CT Differential Video Amp LM733CH -
MLM308AU Precision Op Amp LM308AJ-8 nA7T33F Differential Video Amp LM733H
MLM308G Precision Op Amp LM308H puA741CF General Purpose Op Amp LM741CJ-14
MLM308L Precision Op Amp LM308J pA741CN General Purpose Op Amp LM741CN
MLM308PI Precision Op Amp LM308N pA741CN-14 General Purpose Op Amp LM741CN-14
MLM308U Precision Op Amp LM308J-8 pA741CT General Purpose Op Amp LM741CH
MLM309G Positive Voltage Regulator LM309H pAT41F General Purpose Op Amp LM741J-14
MLM309K Positive Voltage Regulator LM309K pAT4IT General Pyrpose Op Amp LM741H
MLM310G Unity Gain Op Amp LM310H uA747CN Dual Op Amp LM747CN
MLM310P! Unity Gain Op Amp LM310N uAT48CF General Purpose Op Amp LM748CJ
MLM310U Unity Gain Op Amp LM310J-8 pA7T48CN General Purpose Op Amp LM748CN
MLM311G Voltage Comparator LM311H . nA748CT General Purpose Op Amp LM748CH
MLM311L Voltage Comparator LM311J rAT4BF General Purpose Op Amp LM748J-14
MLM311PI Voltage Comparator LM311N nA748T General Purpose Op Amp . LM748H
MLM311U Voltage Comparator LM311J-8 78XXCU 3-Terminal Positive Voltage Regulator LM78XXCT
MLM324L Quad Op Amp 1LM324J 78XXDA - 3-Terminal Positive Voltage Regulator LM78XXCK
MLM324P LM324N 78LXXACS 3-Terminal Positive Voltage Regulator LM78XXACZ

Quad Op Amp
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National National :
Device No. Function Direct Device No. Function Direct -
Replacement Replacement m
o
SIGNETICS (Continued) SIGNETICS (Continued) =
78LXXADB 3-Terminal Positive Votlage Regulator LM78LXXACH LM311T Voltage Comparator LM311H O
78LXXCDB 3-Terminal Positive Voltage Regulator LM78LXXCH LM319F Dual Voltage Comparator LM319J —
78LXXCS 3-Terminal Positive Votlage Regulator LM78LXXCZ LM319K Dual Voltage Comparator LM319H °
79XXCU 3-Terminal Negative Voltage Regulator LM79XXCT LM319N Dual Voltage Comparator LM319N (7]
79XXDA 3-Terminal Negative Voltage Regulator LM79XXCK LM324AF Gen Purpose Single Supply Op Amp LM324AJ m
LF155AT Hi Performance JFET input Op Amp LF155AH LM324AN Gen Purpose Single Supply Op Amp LM324AN
_LF155T Hi Performance JFET Input Op Amp " LF155H LM324F Gen Purpose Single Supply Op Amp LM324J v
LF156AT Hi Performance JFET Input Op Amp LF156AH LM324N Gen Purpose Single Supply Op Amp LM324N D
LF156T Hi Performance JFET Input Op Amp LF156H LM339AF Quad Voltage Comparator LM339AJ —r
LF157AT Hi Performance JFET Input Op Amp LF157AH LM339AN Quad Voltage Comparator LM339AN m
LF157T Hi Performance JFET Input Op Amp LF157H LM339F Quad Voltage Comparator LM339J -
LF255T Hi Performance JFET Input Op Amp LF255H LM339N Quad Voltage Comparator LM339N @
LF256T Hi Performance JFET Input Op Amp LF256H LM340XXDA  3-Terminal Positive Voltage Regulator LM340KXX =
LF257T Hi Performance JFET Input Op Amp LF257H LM340XXLL 3-Terminal Positive Voltage Regulator LM340TXX O
LF355AT Hi Performance JFET Input Op Amp LF355AH LM381AN Dual Low Noise Preamplifier LM381AN m
LF355T Hi Performance JFET input Op Amp LF355H LM381N Dual Low Noise Preamplifier LM381N
LF356AT Hi Performance JFET Input Op Amp LF356AH LM3s2N Dual Low Noise Preamplifier LM382N Q
LF356T Hi Performance JFET input Op Amp LF356H LM387N Dual Low Noise Preamplifier LM387N c
LF357AT H1 Performance JFET Input Op Amp LF357AH LM393AN Low Power Dual Voltage Comparator LM393AN -
LF357T Hi Performance JFET Input Op Amp LF357H LM393AT Low Power Dual Voltage Comparator LM393AH Q.
LM101AF High Performance Amplifier LM101AJ-14 LM393N Low Power Dual Voltage Comparator LM393N (D
LAA40aAT High Dot noo Amphifior LAM101AH | M303T t ow Power Dual Voltage Comparator LLM393H
LM107F General Purpose Op Amp LM107J-14 LM2901F Quad Voltage Comparator LM2901J
LM107T General Purpose Op Amp LM107H LM2901N Quad Voltage Comparator LM2901N
LM108AF Precision Op Amp LM108AJ LM2903N- Low Power Dual Voltage Comparator LM2903N
LM108AT Precision Op Amp LM108AH MC1408-7F 8-Bit Multiplying D/A Converter LM1407J-7
LM108F Precision Op Amp LM108J MC1408-8F 8-Bit Muitiplying D/A Converter LM1408J-8
LM108T Precision Op Amp LM108H MC1408-7N 8-Bit Multiplying D/A Converter LM1408N-7
LM109DB ' 5 Volt Regulator. LM109H MC1408-8N 8-Bit Multiplying D/A Converter LM1408N-8
LM111F Voltage Comparator LM111J MC1496K Balanced Modulator Demodulator LM1496H
LMI1T Voltage Comparator LM111H MC1496N Balanced Modulator Demodulator LM1496N
LM119F Dual Voltage Comparator LM119J MC1596K Balanced Modulator Demodulator LM1596H
LM119K Dual Voltage Comparator LM119H MC3302N Quad Voltage Comparator LM3302N
LM124AF Gen Purpose Single Supply Op Amp LM124AJ NE5S55T Timer LM555CH
LM124F Gen Purpose Single Supply Op Amp LM124J NE555N Timer LM555CN
LM124N Gen Purpose Single Supply Op Amp LM124N NE556N Dual Timer LM556CN
LM139AF . Quad Voltage Comparator LM139AJ NES556F Dual Timer LM5564
LM139F Quad Voltage Comparator LM139J NE565K Phase Locked Loop LM565CH
LM193AT Low Power Dual Voltage Comparator LM193AH NE565N Phase Locked Loop LM565CN
LM193T Low Power Dual Voltage Comparator LM193H NES566N Function Generator LM566CN
LM201AF High Performance Amplifier LM201AJ-14 NES67T Tone Decoder/Phase Locked Loop LM567CH
LM201AN High Performance Amplifier LM201AN NES67N Tone Decoder/Phase Locked Loop LM567CN
LM207F General Purpose Op Amp LM207J-14 SES55T Timer LM555H
LM207T General Purpose Op Amp LM207H SE565K Phase Locked Loop LM565H
LM208AF General Purpose Op Amp LM208AJ SE567T Tone Decoder/Phase Locked Loop LM567H
LM208AT Precision Operational Amp LM208AH TBA120N FM IF Amp & Demodulator TBA120T
LM208F Precision Operational Amp LM208J . TBA120S-2 8-Stage Amp w/Balanced Demodulator TBA120S I
LM208T Precision Operational Amp LM208H TBA120S-3 8-Stage Amp w/Balanced Demodulator TBA120S Il
LM209DB 5 Volt Regulator LM209H TBA120S-4 8-Stage Amp w/Balanced Demodulator TBA120S IV
LM211F Voltage Comparator LM211 TBA120S-5 8-Stage Amp w/Balanced Demodulator TBA120S V
LM211T Voltage Comparator LM211H TBA120SN 8-Stage w/Balanced Demodulator TBA120SQ
LM219F Dual Voltage Comparator LM219J TBA120S-2N  8-Stage w/Balanced Demodulator TBA120SQ It
LM219K Dual Voltage Comparator LM219H TBA120S-3N 8-Stage w/Balanced Demodulator TBA120SQ Il
LM224AF Gen Purpose Single Supply Op Amp LM224AJ TBA120S-4N  8-Stage w/Balanced Demodulator TBA120SQ IV
LM224AN Gen Purpose Single Supply Op Amp LM224AN TBA120S-5N 8-Stage w/Balanced Demodulator TBA120SQ V
LM224F Gen Purpose Single Supply Op Amp LM2244 TBA120U FM IF Amp & Demodulator TBA120U
LM239AF Quad Voltage Comparator LM239AJ TBA120UN FM IF Amp & Demodulator TBA120UQ
LM239F Quad Voltage Comparator LM2394
LM258T Gen Purpose Single Supply Op Amp LM258H
LM293T Low Power Dual Voltage Comparator LM293H TEXAS 'NSTRUMENTS
LM301AF High Performance Amplifier LM301AJ-14 #AT09CN Op Amp LM709CN
LM301AN High Performance Amplifier LM301AN pAT09CP Op Amp LM709CN-8
LM301AT High Performance Amplifier LM301H pAT11CN Dual Comparator LM711CN
LM307F General Purpose Op Amp LM307J-14 uAT723CJ Voltage Regulator LM723CJ
LM307N General Purpose Op Amp LM307N nAT723CN Voitage Regulator LM723CN
LM307T General Purpose Op Amp LM307H pAT23MJ Voltage Regulator LM7234
LM308AF Precision Op Amp LM308AJ #A733CN Video Amp LM733CN
LM308AN Precision Op Amp LM30BAN rAT41CJ Compensated Op Amp LM741CJ-14
LM308AT Precision Op Amp LM308AH pAT41CJ Compensated Op Amp LM741CN-14
LM308F Precision Op Amp LM308J uA741CIG Compensated Op Amp LM741CJ
LM308N Precision Op Amp LM308N pA741CP Compensated Op Amp LM741CN
LM308T Precision Op Amp LM308H HAT41IMJ Compensated Op Amp LM7414-14 °
LM309DA 5 Volt Regulator LM309K pAT41MJIG Compensated Op Amp LM7414
LM309DB 5 Volt Regulator LM309H pA748CJG Op Amp LM748CJ
LM311F Voltage Comparator LM311 nA748CN Op Amp LM748CN
LM311N Voltage Comparator LM311IN nA748MJ Op Amp LM7484-14
LM311N-14 Voltage Cgmparator LM311N-14 nA748MJG Op Amp LM748J
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Linear Cross Reference Guide

National National
Device No. Function Direct Device No. Function Direct
Replacement Replacement

TEXAS INSTRUMENTS (Continued) TEXAS INSTRUMENTS (Continued)

#ATBXXCKC  Positive Voltage Regulator LM78XXCT LM307JG Compensated Op Amp LM307J
pA7TBLXXACL  Positive Voltage Regulator LM78LXXACZ LM307N Compensated Op Amp - LM307N
pA78LXXCLP Positive Voltage Regulator LM78LXXCZ LM311J Voltage Comparator LM3114
nAT8BMXXCKD  Positive Voltage Regulator LM78MXXCP LM311JG Voltage Comparator LM311J-8
#AT9XXCKC  Negative Voitage Regulator LM79XXCT LM311IN Voltage Comparator LM311N-14
wA7T9MXXCKD  Negative Voltage Regulator LM79MXXCP LM311P Voltage Comparator LM311N
LF356P JFET Input Op Amp LF356N LM317KC 3-Terminal Adjustable Regulator LM317T
LM101AJ Improved Op Amp LM101AJ-14 LM318JG High Slew Rate Op Amp LM3184-8
LM101AJG Improved Op Amp LM101AJ LM318P High Slew Rate Op Amp LM318N
LM107J Compensated Op Amp LM107J-14 LM3244 Quad Op Amp LM324J -
LM107JG Compensated Op Amp LM107J LM324N Quad Op Amp LM324N
M1y Voltage Comparator [V AREN] LM339J Quad Comparator LM339J
LM111JG Voltage Comparator . LM111J-8 LM339N Quad Comparator LM339N
LM118JG High Slew Rate Op Amp ~ LM118J LM358P Dual Op Amp LM358N
LM124J Quad Op Amp LM124J LM376P Positive Voltage Regulator LM376N
LM124N Quad Op Amp LM1$24N LM393P Dual Comparator LM393N
LM139J Quad Comparator LM139J LM2901N Quad Comparator LM2901N
LM201AJ Improved Op Amp LM201AJ-14 LM2902J Quad Op Amp LM2902J
‘LM201AJG Improved Op Amp LM201AJ LM2902N Quad Op Amp LM2902N
LM201AN Improved Op Amp LM201AN LM2903P Dual Comparator LM2903N
LM207J Compensated Op Amp LM2074-14 LM2904P Dual Op Amp LM2904N
LM207JG Compensated Op Amp LM207J MC1558JG Dual Compensated Op Amp LM1558J
LM218JG High Slew Rate Op Amp LM218J-8 NES55CJG Timer LM555CJ
LM224J Quad Op Amp LM224J SE555JG Timer LM555J
LM239J Quad Comparator LM239J TLOB1ACN Single Low Cost Bi-Fet Op Amp LF351AN
LM301AJ improved Op Amp LM301AJ-14 TLO81CN Single Low Cost Bi-Fet Op Amp LF351N
LM301AJG « Improved Op Amp LM301AJ TLOB7CP LF411ACN
LM301AN Improved Op Amp LM301AN TL2B7CP - LF412CN
LM3074 Compensated Op Amp LM307J-14 TL710CN Comparator LM710CN
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National

Semiconductor

NSC [Signetics|Fairchild |Motorola|  TI rca | Siicon [ Amp  [Raytheon
General
iulaluininialal
: | 14/16 Lead D
TTOOOOonT g
Glass/Metal DIP D 1 D L D D D
mom - o .
TO-99, TO-100, TO-5 H H G L T H .
YR L Ve H
\ / DB
Nnnnnnn
8, 14 and 16-Lead M DC
Low-Temperature J E ) ’ U J :
WT Ceramic DIP D DD
(Steel)
K KS K K
TO-3
o KC DA K K K K LK,
o Q,
° (Atluminum) TK
N,
8, 14 and 16-Lead N A T, p . £ M, pe DN,
Plastic DIP g P N N oP,

*With dual-in-line formed leads.
**With radially formed leads.
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Industry Package Cross Reference Guide

Sili
NSC |Signetics | Fairchild | Motorola TI RCA G:a:::l AMD Raytheor
O
T0-202
. (D-40, Durawatt) P ko
t
“SGS" Type s BP
Power DIP |
EP TO-220 T U u KC
° Low Temperature .
Glass Hermetic w F F w ' FM
Flat Pack
TO-92
|]I]I] (Plastic) z s w P L
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National

Semiconductor

all dimensions in inches (millimeters)

0.760
79300
MAX
4 3 5] [5]
0298
7569)
PINND.1
mznr\r. ":"
|DgEREROERRORL) ‘
" 0084
045 T vaes
T fizam it
MAX MAX
0.020-0.060
{ {0508-1524)
0.008-0.015
i I~ wzoean !
0.300 0.050 :0.010 _ |___ oms-om || oizs
™ Tsm ! 1270 <0.258) [DErTa 315)
REF 0.100:0.010 Lo
; 12540 :0.254)
! NS Package D14E
14-Lead Cavity DIP (D)
(Side Brazed)
0.880:0020
{22.35:0.508) 0.800:0.010 0420:0.010
. {20.320.254) (10.67£0.254)
e % o T
wouo2on 0200
{5.08)
0.500:0.010 { MAX
(12.7:0.258) 0.180 *
(4.826) '
MIN
0.015-0.020
! =1 "I 030040010 (0.381-0.508)
i 0.080 0.015-0.020 0.100 0150 | —wf DD L, Ty
(2.032) (0.381-0.508) 2540 @380 (1.62:0264)
RAD TvP
v
NS Package D14F
14-Lead Metal DIP (D)
.
0.280
(X5
MAX
0.310 0.165
T 0.020 :0010 0.037-0.050 @ien
MAX @S0 z0zs) | 8120 | max
PINNO. 1 ;
IDENT ] {
0.008-0.012 ]
{0203-0305) [ oas 05
0.225 04025 . 1 Tlieseam)
-0.015 0100:0010 | | 0.125 .
(uss'm {254020250) 0.015-0019 .“__ (5]
-o3m 03810483 MIN
NS Package D16A
16-Lead Cavity DIP (D)
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imensions

Physical D

0.300
== (7.620)—|

REF

0.025

(0.635)
RAD

PINNO.1
IDENT

0.008-0.015

ol
{0:203-0381)

0.050 <0.010

(1.270 :0.258)

| 0.810
f @0578)
MAX
[18] [1s] [va] fi3] [iz] [un] fio] [s]
0298
)
e
L BE
IRERERORORGRERD
0.054
0485 “ ) pas
(2310 ~ - 191)
MAX .
0.020-0.060
. i {os08-1528)
0.008-0.015
|| o005 I
02030381
D.élm 0.050 +0.010 L_ l’mﬁ—“ﬂzz 4_ 0.125
e T (12700258 {0381-0.584) [EXIE)
REF 0100 :0.010 K
(! 540 :0.254)
NS Package D160
16-Lead Cavity DIP (D)
(Side Brazed)
0500:0.010 0.960-1.000
fzioaase | {#438-25.40)
L panaann 0z o 0.890-0.910 E
{10668 20.258) [ idal NS @2e1-2311]
nms-n 020
(n:m—njna) foaeiase " " n “ “ l! n “
a:u:zomol B | B — I“I -] -
(2.620 20.254) (a.826) 0.015-0.020 v (AL
{0381-0.508) ) [
_________ )—
—t—0 o o o o o o o T_
1 2 3 4 5 6 7 8 1
0300 10.010 . O 0420 05000010
{7520 -0.250) .| e ez
! 16 15 14 13 12 n 10 .9
I AL .°J_____L
|\
0.080
. o "
NS Package D16D
16-Lead Metal DIP (D)
0310
@i 1010
AX — | 25.558) {
MAX

0.298
756)
PINNO.1 L MAX
10ENT T2
T T WO ®
0054 185 0058 0.165
i fa19n) |<—uz :m @)
" 1}.!"1 ™~ ™ 0.060-0.020 ™ 3"”1 r AX AX
; 3 usu-nsm)
{ 11
T A oos-oao
0.020-0.060 {0381-0203 ‘

l__ 0015-0023 || o2 05081520 __:'73"’%__ 0100 0010 ’l I‘ = oizs
[T R ey REF 25200258 {058a-0381) @178
MIN MIN

(2.540 0154)

NS Package D18A
18-Lead Cavity DIP (D)
(Side Brazed)

NS Package D20A
20-Lead Cavity DIP (D)
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1.290 MAX

{32.766)
[ [ [2) [77] o] [is] [is) [i7] fie] [is] (9] [i3]

PINND. 1
IDENT

N

0530  0.550
(13.462) (13.97)
MAX MAX

L]
DO E O E W&

0200
0610 MAX 0.610 MAX (5.080)
~ (15.498) __(15.494) Max 0.050 +0.010
{ (700250
052510028 1 ’
L — — \._l o} 0128
[EED 0070 :0010 0100 :0.010 o0 B
{1778 :0.258) (252002541 foe00e MV
NS Package D24A
24-Lead Cavity DIP (D)
. 1220
. {30088
MAX
2 23] 22| §21] f20] [19] 8] [17] f16] [15] (14] [13]
0.598
) (15.189)
MAX
7
NN — T O & DN W E
0.050 0520 0.165
{1210 {13.208 (X .
TYe SQUARE MAX .
= 0.020-0.050
[ | [ osws-152)
| oous-0a1s 1
{0203-0381) ! iz
. 0500 3 0.100 ¢ »om_‘ L _“_nms—nm s
(15.28) {2.540 +0.254) (0381-0.588)
REF
NS Package D24C
24-Lead Cavity DIP (D) -
1265
32131
MAX
A < e N N KR A N R -
| 0.605
] {15.367)
!
0060 “D/_, MAX
(1526) .
T 7 3 4 5 s 7 8 8§ w ouon
0.050
o e D050 Ly 0.200
(1.270) is.080) A%
0.010-0.030
SEATING_L{ { (0254-0.762)
. PLANE
s | |
— oz
0.600 < paoo _I l__ .”‘nms—u.azo {175
il (0.381-0.508)
(1"552:) {2.540) PN

NS Package D24D
24-Lead Cavity DIP (D)
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imensions

Physical D

NS Package D40C
40-Lead Cavity DIP (D)

0.020-0.060 1220
(0.508—1.524) 0.650 (30.99)
(1651) ' MAX
0.126 MAX * 24 22 2 21 20 19 W 17 W@ 15 W 0
@a18)
l I MIN L . \
0.008-0.015 } ozp  0S8-0805 0530 S
{0203-0.381) 0.050 | _ 010020010 o (1843-1537) (1348)
— —_— (5.33)
A -~ 127) ~ 2450250 MAX MAX
TYP
0.610 0.015-0.023 PINNO. 1
{1549) o381-0.588) e
REF TP Tz 3 4 85 § 7 ¢ 9 0 onou
NS Package D24G
24-Lead Cavity DIP (D)
1.60040.016
{40.640.406)
- 1.520:£0.003 |
:’6;.7%) [ | {38.6720.076), ’]
P 2 3 0 29 8 2 26 25 4 7B .2 2. D 19 181
0.650:0.003 0.890:+£0.010 0.910:0.010
{21.88Z0.076) (22.6120.250) {311 %0.250)
-
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
PINNO, 11D,
0.070
{T.7m) ~
" 0.050:+0.015
(1.27£0.381)
0175
4.445)
0.100 +:0.005 _.I I‘_ 0.01810.002
(25420.127) (0.457£0.051)
NS Package D32B
32-Lead Cavity DIP (D)
(Hybrid Side Blazed)
2.020
{51.308)
MAX 0520
{13.208)
SQUARE
40] 39| [38] [37] |[3§] 134] J33] (32 |31] {30 (20 f28] {27} Jai 25] {2¢] (23] |221 [29)
0.598
) (16.189)
MAX
PINND. 1
IDENT L2,
1 2 3 4 5 7 [] 8 1o (19 [12] D3] [14] Ds| [sf [17] {e] [is) j2 )
0050 0.165
('u_m)—" I—- @)
YR MAX  0.020-0.060
| l (0.508-1.528)
0.008-0.015 — T
I w2030
0.600 —L
20 0.100 0010 0.015-0.023 1%
a— . amam s a1
MIN
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(0.102-0.152)

PINND.?

0.020-0.040

f
(0.508-1.016)

mmr\

0.050 «0.005

T (z7020120)

0250
e D080k 5600)
203
0025:0010 | OUAS
{0635 :0.250) " =
0.004-0.006

0.750-0.770
(19.05-19.558)

0.015-0.019
(0.381-0.483)

NS Package F10A
10-Lead Flat Package (F)

0.085 0.408
2 A —= 0.080 0.390
- 2159 -—(w‘m)——‘ - {2432) | (3.906) —-{
MAX MAX MAX GLASS
0.010-0.020 0.050 0005 0025 MAXTYP . )
201002 i Pl N |~ Ees AL ENDS 0.004-0005 | 0.050 :0.005
{0.254-0508) Az70:0127) 0635 @TE — e
‘ nnnn -
0.880-0.900
013020010 (@2352-22.860)
@828 :0250) T
61514 13 12 11 10 9| B
0.280 PINNO. 1 g i
LD .112) IDENT ™ :;
| MAX 1
PNNO.1_ L0234 L
IDENT
0.880-0.900
(22.352-22.860)
o 0.005
0.004-0.006 0.015-0019 = 0.020-0.040 0.015-0.019
0.003-0.006 0.015-0.019 0127 B e i RSPl
TV Grozonen e TV (@as1-04gn) = s -~ {0508-1.0161 0300483}
NS Package F16B NS Package F24A N
16-Lead Flat Package (F) 24-Lead Flat Package (F)
('5’;::::15:) 03500370 -
-308-5. | Gwem ~— 0390 - 23081
0.178-0.185 | 0305-0335 1 0.305 - 0.335
[~ as212953) | 0.165-0.195 (1.747-8.509) 0.050 QMBS -01  — g eem [T
@1914.953] w2 {a191-4953) oA
& l max .
SEATING I 1 &R
PLANE ‘
n:ao 0500 IJ s oos ] u
(0.762) 200 21 ” 0.016-0.019 fzan o] 0.016-0.019
MAX (12.700) wamsoaz3) "' [T
2 LEADS N 3LEADS
0ot6-0018
10405-0.383)
0.200 0.200 T
[ osm 'F [
0.100 0100 N 0.100
o050 | @s40) I s
12
0.029-0.040 \ 0.026 - 0.045
©737-1018) \, 0.100 {0860 1.143) 0.100
0.028-0.034 O, {2.580) 0.028 - 0.034 (2.540)
5 0711-0860) << 0711 - 0868 <<
45° 45"
0.036-0.45 0.028-0.048

(0.914-1.168)

(0.711-1.219)

NS Package HO2A
2-Lead TO-46 Metal Can Package (H)

NS Package HO3A

3-Lead TO-39 Metal Can Package (H)

3-Lead

NS Package HO3B
TO-5 Metal Can Package (H)
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imensions

Physical D

0.203-0.219
(5.308-5.563)
1 0.178-0.195
| (4.521-4.953)

SEATING_

erj_ I T
Tl
i

0.016-0.019 2040
(o.«as-a.m)_’l - e
0050
fizm)

L

(u.m-:m)\{( 711-1219)
,

NS Package HO3H
3-Lead TO-46 Metal Can Package (H)

[ 0.085-0105
(2159-2667)
0500

;- azin

0.100
(2.540)

0.209-0.230
(5.309-5.842)
0.178-0.185 | |
{.5214.953 |
I o
SE'::I'A:(;___ ﬁ::\-__ “:::o-nm
ga 270 "™

0.016-0.018 __I I__ (I:.n::) MAX

(0.406-0.483)

, 0100
(2.540)

0.028-0.048
(0.711-1.219)

NS Package HO4A

4-Lead TO-46 Metal Can Package (H)

. _D3s9-0408
{10.135-10.389)

f———1

1A

."__.

0.224-0.234 f
(5.590-5.943) )
SEATING m\nz—i———‘-\
0400 0.016-0019
(10.160) 04050483 "4 T
_ 0.100
{2540)
)
t1zm

NS Package HO4D
Thermal Shield for HO4A

0.350-0.370
0.350-0.370 DIA (8.69-9.40) N
{8.890-9.358) DA
a316-0338 0.315-0.335
oA 0.165-0.185 {8.001-8.509)
{8.0018.509) {4191-4.699) ] DI
0.165-0.185 | 0.015—0.048
41914, TIT=1016
[ CON t * | { {0.381-1.016)
T oo REFERENCE PLANE
_usm Lo ) 1 oo — T seam e
2700 ooy LI 9500 figie) 028
N ot6) azn - max 0
' N I]I] l] I] A INCONTROLLED
; ;:Ans I 0.016-0.019  gAD DIA
.016-0.018 {0.406—0.483)
o200 (0.406-0.483) DIATYP
{5.080) 0.225-0.235
v {5.71525.969)
DIA PC
0.020-0.45 \& ] 0.120-0.140
0731-1.143) 0.029-0.045 " {3,088 -3.55)
0.028-0.034
A 07371183 " om
<}< 0.028-0.034
45° EQUALLY 0.m1-0.854 Y,
SPACED ,<’<
450 TYP
NS Package HO6C NS Package HOSA
6-Lead TO-5 Metal Can Package (H) 8-Lead TO-5 Metal Can Package (H)
0.350-0.370
18.890-9.398)
|, 03500370 . . 0.350-0370 0.260-0.290 0.315-0.335
N":'-I:J”) 03150335 B0 | (6.604-7.366) (8.001-8.509)
o] DIA 05033
.001-8 {8.001-8.509) 003
60188 | 0.165-0.185 | oy SEATING
wist-aem) |y @wiase| | } i /" PLANE
INSULATOR
odon [ e 0038 INSULATOR T
3% "lo889) o) 0500 105 _0.040 0500
“l:i:lm MAX MaxX Az70  wmax (:"J’A':) (12.709)
. MIN MIN
il i oo
o | RO16-0019 0.016-0.019 B—
{0.406-0483) ~! TAT0AT) opte-dane o ]
0225023 oo -0 (0.406-0.483)
(5.715-5.969) {5080 //K_ (%.?;—j::_'::%)\
7 Moy 27 -
/o ' ] \ TP
+é ! L oms-oms

45° EQUALLY
SPACED

NS Package HO8B
8-Lead TO-5 Metal Can Package (H)

0.029-0.045

TN
mm& -
0.028-0.034 &E

M)\Z///<

45° EQUALLY

NS Package HO8C
8-Lead TO-5 Metal Can Package (H)

\3 . | 5 j y >\(’_m.m-|.m)

NS Package H10B
-10-Lead TO-5 Metal Can Package (H)
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o 0350-0370
(8.890~9.398)
DIA 0.315-0.335

T (8.001-8.509)
DIA

0.350-0.370

(8.890-9.398)
0.315-0.335
(8.001-8.509)

0.165-0.185 ] I
{@.191-4599) | l , l 0.240-0.250
* t (6.096-6.604)
o — 3
0035 ; 035 § A_!'
o500 - 0.015-0.040 035
{1270} | (©38) TR Ty (u il 0.500
i | max “ I] I] 0381-1.016) _
0.120-0.140

0.016-0.019 (:Ill:l-lﬁﬁl
(0.406-0.483)

DIA 10 LEADS

0.029-0.045
(0.737-1.143)

| 0.026-0.034
- 36° EQUALLY (0.660-0.864)
SPACED

NS Package H10C
10-Lead TO-5 Metal Can Package (H)

moom_*

0.016-0.019
oz
(5.842)

PIN
CIRCLE

_0.026-0.034
(0.660-0.864)

_0.023-0.045
(Il 737-1.143)

NS Package H10D

__0113-0m18
(2.870-2.997)

' 10-Lead TO-5 Metal Can Package (H)

0.545-0.555
™ (138a3-14.097)
o 0.890 :0.010
0.14050.131 (22,606 20.254)
(3.759-4.597) f 0700 £0.010
1] {17780 +0.254)
§
0.500-0.560 ” l IJ u 0.022-0.030 5 ]
(12.700-14.224) (0.559-0.762) 0.490 +0.005
i [2] 1 (12,446 20.127)
0.016-0018 0470 £0.005
|| pote-oate 0.100 5] 0470 £0.005
(0406-0.483) 2.540) T {11938 20,120

0.200

0.595-0.605
(15.113-15.367)
DIA

0.060

0.026-0.036

nm {0.660-0314)
NS Package H12B

a5”

12-Lead TO-8 Metal Can Package (H)

0.026-0.036
(0.660-0.914)

TYP

EPOXY SEAL

0.050-0.060

(1.270-1.524)

NS Pa

0.900 0.125
(22.860) - (3.175)
MIN

ckage HYO8A

8-Lead Cavity DIP (J) (Hybrid)

0.160.
@068) 0,050 :0.005 200
0.200-0320 - qu m [~ o
‘I {7.356-8.128) MAX " 0.020-0.070
SEALANI ~E o — | {0508-1778) 2400
\ {060 ot
em— MAX
MAX GlASs
0.008-0.012 — 0025 FIAF[E x—" m)
0:203-0.308) {053 AP 0291
’l 0385 :0025 i__ % '__ 000002 gz5 7390
975 :0538) T80 37 MAX
BT L0000 MIN . —t
ENDS . —_ 1 2 3 4
28400250 .

NS Package JOBA

8-Lead Cavity DIP (J)
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imensions

Physical D

0290-0320  0.160 0.200
(1366-8.128)  (4.064) GLASS 0.060.:0.005 {5000}
uAX stawawt {e2a 0327 | MAX 5 p20_0.070 \ "';':9, 0310
! T 1 (o.mv-x.m) “ax (1.878)
[1e] [13] [12] [o1] fro] [e] [s] MAX
0.008-0012 r 0028 ‘ oLass
{0:203-0.308) ! oo L2
R 0.100 : 1.391)
0.385 £0.025 Pl I‘_ 0.018 £0.002 0126 MAX
O oo DS AR ]
. E] []
0.100 :0.010 MIN Gl Tl Lal Ll el L
254070258) ~
NS Package J14A
14-Lead Cavity DIP {J)
0.160 0200
0290-0320 | (@068  SEALANT 008050005 080
{736_a28) | MAX ° {1522 30.120) MAX 0.020-0.070 0310
1 T 1T mww wa
1 q— | B 9025 MAX GLASS
0.008-0.012 063 020
{0203-0.305) il RAD 39m
) 0385 :0025 o5 ax
P 1270) = e M.—“‘ 0125 i
(9.779 +0.635) MAX {0:457 20.051) [5G
0.100:0.010 MK
(2.540:025) NS Package J16A (Also J16S)
16-Lead Cavity DIP (J)
0200-0.320 GLASS,
e SEALANT 0.056 0,003 0.020-0.070 | 0315 . 0310
7.356-8.128) Arrame TP |- 20 [CET] e
. (1.422 +0.076) (0.508—1.778) MAX (1.813)
0.160 wax 1 0.200 MAX
\_iesea e "X 0025
o 5 § 0.008-0012 o535
85° 15 —
0.203-0308) RAD

0385 :0.025 X 0.050 8 90 0125
L(u.m:nnm’l soTHENDS n.szt)’L P @) T EEE e
0.100 :0.010 0,018 :0.003 IR
{2540 :0.259) {0457 20.076) )
|
NS Package J18A
18-Lead Cavity DIP (J)
.
1.100
ram "X 0420 yax
: {105666) GLASS
[22] [1] [o0] [ts] [ve] [v7] [e] [vs] [ss] 3] oo
0.025
P
{0635 0.400
RAD \9 {1015
MAX
O Tl [T Ta TsT TeT T TeT T
' 0.200
0.390-0.420 GLASS, e
| oo | SEALANT 5.080)
{9.906-10.668) ) \ MAX
95° +5° I T [T = 0.020-0.070
T TT 1\ @™ | { s
]
0.008-0.012 T
(0203-0.305) 86° 94° _/
. TvP 0.125
0.485 :0.050 % B @
239 1.270) MIN
max soTH 0.100 0.100 :0.010 0.018.:0.003
ENDS {2540) {2540 20.254) {0457 20.076)
Tve

NS Package J22A
22-Lead Cavity DIP (J)
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1.290
(3 L
24] 23] f22] {21] f20] {19} [18] [17] [1s] [15] 14} [13] GLASS

0.025

{0.635)
nw\\b 0.515-0525
{13.081-13335)

0 O 0 O] o o] O T o] Tl [

a levdisAyd

suoisuauwi

0.580-0.620 6LASS 0.055 20,005 E.080) -
R —l R
{14.886-15.748) . SEALANT (1,397 £0.127) MAX. 5.020-0.070
- A ] {0508-1.78)
| 000s-0012 —
0025 {0.203-0.305)
0685 _5.050 | 0060-0100 | l‘ _.”’ 0.018:0.002 oz
(" 399 10635 ) {1.524-2.540) 0.100 0.010, (0.457 :0.051) @
399 1624 {2540:0258) MIN
NS Package J24A
24-Lead Cavity DIP (J)
1490 |
MAX 0500
a1.843) {15:240)
5] [77] [ [ @ @ [ (3] 6 66 [ 6] 66 MAXGLASS
0.025 i
(0.635)
RAD 0515-0.525
{13.081-13.338)
T E O E W E
tan 0088-0.055
0.590-0.620 ©080) GLASS 0.055:0.005  (1.219-1.397)
e 25200828 | 0.055 :0.008
{12.986-15.748) i MAX SEALANT e
150 T \ 11—  oo2-00m
t . N\ wses "Ax T ] Ty jose-tm

" f —
i pmem L1 Ry 11117 T

wwom— = ] iz

0.060-0.100 0100 :0.010 0.018:20.002 @i
{i528-2.500) 2540702581 {0.457 0508)
NS Package J28A
28-Lead Cavity Dip (J)
\ 2060
(52 324)

mmmmmmnmmmmmmmmmmmﬂm

0.025 - ‘
(0.635) Rap C 0.530-0.550
A (13.462-13.970)
: - MAX (iLASS

DT T T Tl e LT T LT e oo Too] o Ta] T Tes Toe] Too] ] Too] o]

0.530-0.522 215 2
——— (4.445) GLASS 5.080)
{14 986-15.800) (ot SEALANT v

00050025

(0.127-0,535) |- 7

/

. 0.008-0.012
{0:203-0.305)

B6°90° TYP
8425 4060 + 0.005 0100+ 0010 0.050
X e e
e 1828 0120) {2520 0.254) 0258 1270
Tve MIN (BOTH ENDS)

NS .Package JA0A
40-Lead Cavity DIP (0)]
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imensions

Physical D

0.325-0.350
(8.255-8.880)

SEATING PLANE P T
0.420-0.480 | ‘ 8.255
(m.ssu-lz.wzﬂ._____u 0.038-0.043 0420 -0480 |

(0.965-1.092)

1.177-1.197

0.750-0.775
" [19.304-19.685) (_:%:) 0.760 - 0.775
AL MAX (19.304 — 19.685)
2% uuconmnusnw DiA
MAX LEAD DIA | |
0.325 - 0.350 [ ] {
30)
o6
{10.668 - 12.192) (2.935)

(29.896-30.408)

0.168 - 0.178
0.660-0.670

0.210-0.220
(5.334-5.588)

2 1\ —
| 0.168-0.178 RTYP

— (4.267 - 4.521)
(16.764-17.018) RAD

&

10.795-11.049)

(X (8267-4.521)
</

2MOUNTING HOLES
0.151-0.161

(3.835-4.089)
DIA

0.490-0.510
{12.446-12.954)

NS Package K02A

2-Lead TO-3 Metal Can Package (K)

0.151 - 0.161
(3.835 - 4.089)
DIA

. 0058-0052 MAX
574)

A 0425 - 0435
v, (10.795 — 11.049)

| _0660-0670
(16.764 - 17.018)

oag0-pso O
{12,026 - 12.950)

1.177 - 1.197
(29.895 - 30.404)
DIA

NS Package KO2B

2-Lead TO-3 Metal Can Package (K)

(Steel)

0.325-0.350 0.760-0.75
(6.255:£,391 D.760-0.775 (19:

R ss) one "

oA {2.985) "
0.345-0.395
{8763-10.033) _L
[ 0.220-0.280 SEATING PLANE

Gose-ri2y

l__uoaa —0.043

oam-osm0 0025 {0.965—1.002)
{10.69-12.19) 10.63)
MAX UNCONTROLLED
LEAD DIA
e
(29.90—30.40) 04900510
DA {12.45-12.95)

0.168-0.178
(4.267 - 4.521)

0.151 - 0.161
(3.835-4.089)

NS Package KO4A
4-Lead TO-3 Metal Can Package (K)

1111
~'I l‘(‘:m) ( AX)

1.177-1.197

(29.896-30.404) 0500 £0.010

(12.700 +0.254)
0.166-0.176

————— RAD
0.460-0.480 {8.216-4.470)
(11.68-12.19)

PN - 0.153-0.159
B e
@ HOLES 51312
40° TYP . LEAD CIRCLE
() pLes
NS Package KOBA

8-Lead TO-3 Metal Can Package (K)

- ﬁx ],
S G

1.177-1.197

0.205-0.225
(5.207-5.7115)

(29.90-30.40)
0.655-0.664
(16.64-16.87)

Y D178 o ro MAX

0.420-0.440

0430
(10.82)
MIN

SEATING PLANE

(10.67-11.18)

ong
(2.87) )
max 0.038-0.043
: (0.965-1.092)
DIA2PINS

NS Package KC02A
2-Lead TO-3 Metal Can Package (KC)
(Aluminum)

i

(a.547)
O
B 0.156-0.158 7 MOUNTING
(3.962-4.039] HOLES
0.525
—_ X
{1335 A0 MA

1 4-2"




0400 vam (D=
. 2080 {10.160) —={ NSRLLLA —
LIt MAX {i0.16) " o
2 Gl [ [6] [ &
Now 0.080 0250 :0.005 —
PIN NO. 1 IDENT 0.250 :0.005 20 } IR HIT :0'121) U
(6350 :0.127) L 350 10
o @ O 5 §'
0.030
0.030 Do
0300-0320 e PO /-] 0.040 [¢»]
76208128 'mnx ! 0.130 :0.005 ~| reTe MAX ooes (T.Tey 01300005 =5
—] e A3 0127 | 2, e EETFRrY 7]
<}
T e I 0125
0.003-0015 I 00090018 T @178 =
{0.229-0.381) ___} e {0:229-0381) 0020 (7))
o 0.125 (0.608) 0325 10925 0,045 :0.015 | || bors 0003 (o508)
+0.025 0.045 :0.015 — 22 MIN -0015 P (0457:0076) MIN
0325 _g'g15 iarogen @7 - | {11a3:0381) 1457 20,
(255 1283%) T o L018:0003 miN (eazss 5530) e
8.255 g’ fdiad 0.457 -0.076, h (25400
0.381 oy ) v
VP
NS Package NOSA NS Package NO8B
8-Lead Molded Mini-DIP (N) 8-Lead Molded Mini-DIP (N)
0570
{1aame)
MaX
[10] [o] [e] [7] [e]
0.080 D 0250 :0.005
L I W iy
z03) 3500121
[T T2 BF [T ]
0030
{0762)
0.300-0.320 w0085 ood 0.130 40,005
"1 {7620-8.128) i i @302 0.12n
0.020
L s
00090015 |
0229-0.381) {
) 0075 :0.015 ]l omsxpmos L0425
025 19008 L (ess=03en [ L e L
ths) 0.100 :0.010
( 0.8 {2540:0250)
NS Package N10B .
10-Lead Molded DIP (N)
0
0.090 {19558)
T2 MAX
ooz 28—
(2.337) [1a] (i3] fi2] [17] fio] [o9] [s]
DIA NOM
PIN NO. 1 IDENT
0280 6
] N
i DO O
(g‘:::_:.:;:y Lo 0.040
ey 0.065 {1o16) 0130:0.005
X TYP (3302 :0.127)
= T |
95°15 - e
|- (13 R
y 0125 (0508)
0075 :0.015 _I 0018:0003 2125 Ty
{1805 0.3 {0457 20,076 3178
0 457 :0.076) Ty
u,315:=~:§: 0.100 +0.010 <. B
s {2540 20.250)
(pass 255
255 g 31,
NS Package N14A
. 14-Lead Molded DIP (N)
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imensions

Physical D

0.770

fiasen) MAX
0.090
2286 "M
(z m) o= DIA NOM
0250:0.005
PINNO. 1 m:nr\
36050127
0400 20
2 yyp—w] (0.762) 0.065 0130 0,005
10.160) AN on
. " T g m)"] I* B3 ) _l
T 1 = 1 ;
l__ voos-omts T
0200 {0228-0.381)
TYP ——
(5.080) 0am0 0.075 0015 I__ ——L .. .”‘ 00180003 0100
e 18050381 | G7:00076) (2540
{720 ¢ ) 2580 wasT oo 2
TYP TP
NS Package N14C

14-Lead Molded DIP (N-01)
(Staggered Leads)

0870
0090 2o
g MA;]
o 5P [ [ 7 5 [
2.337) %—l—l—.—l.u..1
DIA unu\ }
PIN NO. 1 1IDENT 0250 :0.005
) (6,350 £0.127)
0280 )
i — gz D T GI Tef [T T 2 I
oam-o3z0 | G162 oot0
{7520-8.128) 0.085 ) 0.130.:0.005
fissn TvP ~_| r B302:0.327)
L

95°45° ﬁ L__ 0.003-0.015 "t
10229-0.381) Ty | 0020

l——————> 0.075 20.015 __‘ |_ 0.018 :0.003 0.125 (m‘)
o {1305 20380 CE ]
5% 2000010 m
(o 23550) 2540 20.250)

NS Package N16A
16-Lead Molded DIP (N)

0.870
0.030 22,00 ™
f22ss "™ [ [ [ Ll
gy [15] 3 L] Bl — T
—=== pia NOM = ]
233 0.250 £0.005
PIN NO. IIDEHT—\ e (6.350 £0.127)
P
ERERONCRCORERD
0.030 L' g=a=d
0400 (0.762)

— TYP—~ 0.130 +0.005
(10.160) MAX 0.065

l (1.651) (1 Dlﬁ) TVP (3.302 £0.127)

=T

(0.229-0.381)

0.020

o | 0.075 +0.015 I 0.018 +0.003 0100 {0.058)
TP 0.300 (1905 0.381) ' (n 457 £0.076) (2.540) MIN
(71.:10) (z m) WiN

NS Package N16C
16-Lead Molded DIP (N-01)
(Staggered Leads)
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(2337)
PINNO.11DENT

ey

95°25° _.\'_,.

+0.025
0325 _g015

s —nazm| MX 0.085
7 l {iss)

0.780
0.080 -—————(15111'—"—°1
(2.286) —=1 MAX

0% b1a nom—NOM fisl (5] _[ia] _[ia] iz [ri] fio] [9]

0.250 :0.005
@ (6.35:0.127)

0280

w12 DNERERORONCROND
Tz 0030
0000320 | @762

TP 0.130 £0.005
(1 lllli) (3.302 '0.'27)
I

TYP 0.020

T
0,008 - 0.015 }_

(0.229 - 0.381)

003020015 __| I‘ cotesos 012 (oﬂ:)
{062 20381) (u 457 o G .
0.100 0.1 ﬂ“l MIN

[ +0535 —
(uss -a.m) 2sas0en |
NS Package N16E
16-Lead Molded DIP (N)
0.870
sos0 | {22.588) {
L2092 o ’I
23m)
DIA NOM
PINNO. 1 1DENT 0.250:0005
(6350 20.127)
0.280
wna
MIN 0.030
0300-0320 | @762 (.::g%’:":_g;
520-8.1z8), MAX 0065 u ms) T ooz
{1.651) ean TYP a0
- | MIN
e
- 0.008-0.015 Ledsogae d |
98°46° =" fzz9 030 E
0025 :0.015 I* .“_ 0018 :0.003 0125
0,315’_3“15 {0635 £0.381) {0457 :0.076) - 3475)
_T"j% 010020010 mN
(n 285 "0 0o0) 12540 20.258) 225
NS Package N18A
18-Lead Molded DIP (N)
1.040
0.082 642)
2.337) MAX
mmmmmmmmmm
0260 :0.005
PINNO. 1 IDENT 8260 :8.005
N 6508 :0.127)
0.280
7z -
MIN
0.300-0.320 .
s-aim | 00
@62
MAX  0.065
t e
—t 4 |
g5es5° 0.009-0.010 f6°94 !
{0.729-0258) m-nzs» TYP 0020
Tve 0.100 10,010 25 (0.508)
i oazs g8 | 0.060 :0.005 Lu T 15‘)_'| "- 0.018:0.003 (Tn.b—:) MIN
f +0638) | (15240.127) (YT R
(llﬁS_aJ“) MIN

NS Package N20A
20-Lead Molded DIP (N)
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Physical Dimensions

0.062
"':ﬁ,’\ 0.540 0.005
Ma716:0020)
PINND. 1 DENT—~_ |
e ' )
N0 O™ ™ ™o
0.580 '
(18.13) 0.030
N w7 0.075
0.600-0.620 MAX o) : 0.040 0.160 :0.005

905) ooy oLy
i e "‘ {8064 20.127)

(15.24-15.748) {
—I

—

950250 | ooos-0mts
062510925 0229-0381) | oot
525 9015 0.075 20015 0.018 :0.003 0381
s _., 007520015 DUBLIE
154315’_3'3“:’1’) (19050381 | |'" 0100 :n.mn—” {0457 0.076) (:_—":-) MIN
{2540 20258) . MIN
NS Package N24A

24-Lead Molded DIP (N)

1420

(36.07)
MAX

(o] [27) Poe] [a5] [o4] [3] fo2) [av] [o] [oo] [vs] [7] [is] [us]

0.580

(14.73)
MIN

0.600-0.620
‘ (15.240-15.748) B i i
-
T

95°15°
+0.025
0825 5015
053
{1515 0550)

0.030
0060 {5762
(1.524) mMAX

0.050
(1.270) [.. 0.130 +0.005
P 7:0.127)

0.082
o N 0510 :0.005
PIN NO.1 1DENT : 11295 20127)
e
DT GI & & o] & CF Cof [ O b [ [
0580
(":-IE) 0030
{0762) 0.060 0.050
0.600-0.620 MAX [1.528) 20| = 013020005 ,
T [s2e0-15348) TP @302:0127)
] =T - ' |
0.009-0.015
|~ 02250381 ]
— 2 0.050 :0.015 0.100 :0.010 0.018 0003 0.125 (0.508)
(15.075 13535 T2r00381) ! " "'_I {2,540 0.25) ’I 0,457 0.076) @
N
NS Package N28A
28-Lead Molded DIP (N)
- 2070 |
. (62.578)
MAX ’
0.062
N 0550 0008
{i3870:0.127)
PINNO.1 IDENT\

(3302 :0.127)

. ooos-0e1s
CEEED]

0.075:0015
{1905 :0.381) | l‘—

0100 :0010 0.018 :0.003
_"l (2540 :025) ——' 0457 0.076)
NS Package N4OA

40-Lead Molded DIP (N)

| 0020
25 (0.508)

3.175)
MIN

14-28




| 0360-0380 . b1
1883 = 4318-4.626)
o2u-azp0 | 148652 oms-gres | | A 0.360-0.380
{6.096-8.604) {2413-2.667) (8.188-9.652) 0.170-0.190 '
0.110-0.120 ] oz | 22020 (a318-4826) | . 0.095-0.105
2794-3.088) {3302 20.051 6.096-6.604) 2413-2667)
oA i
0435 0480-0.520
(11.149) 0.128-0.432 {12:192-13.208) @
{3.251-3.353)
DIA 1 0.495
) i 0315 (12573)
(0.525) 0.065
1210 Bl APPROX {1851) 0.150
0738 —~ (381)
4 / 0285-0315 | 1 - __ |appROX
./ {7.238-8.001) | i
b | ('—\l H
Tt | o H
0.060 0415-0425 1
f1528) {10287-10.195) L
REF 0.024-0.028 1.210
(0.610-0.711)——] 0.060 (30.739)
’ VP (1524) REF
¥ 0405-0.425
0.047-0.048 0.019-0.026 YT
-1z ) | 201 {10287-10.795)
TP 0.095-0.105 (0.483-0.660)
ogs-z05 A13-2560 0.095-0.105 l<_ _»l [ 0019-0026
Ta9535.200) (2413-25687) 0.047-0.049 {0483-0561)
0.373-0.377 let—{1198-1.205) © | "
~"@a7a-957) TYP Ve \__ 0.065-0.075
0.195-0.205 \-I (1.651-1.905)
5] 18.9535.207)
0.065-0.075 0373-0377
g’l I~ (1es1-1908) (9.474-9.576)
T2 3
== NS Package PO3E
NS Package PO3A Tab Formed 3-Lead.
3-Lead TO-202 Power Package (P) T0-202 Power Package (P)
0.880 : 0.005
(22.352) + 0.127) -
04402 0.005 LEELYEE T,
{11176 = (0.127) / 0132 (3.353) .
0.134 X 45° 0220 + 0.005 0.034 X 45°
(3.404) X 85° {5.588) = (0.127) /‘ (0.869) X 45°
O)
0463 2 0,005 (_?_z%t_) [
(11.760) = (0.127) ) N
0370+ 0.005 0820
[t diliusiniuivdiy 0.030 20.828)
T D038 {20828)
{9398 (0.127) i76H 1|<— e
D 1 0.350 + 0.005
0.062 (:;:_5:) 3 |ess0 < oazn
(1.575) .
PIN NO.1
) h ﬁvvﬁﬁir | T
0.050 2 0.015 0.025:0.003 om 0.130 + 0.005
{12102 0381 | l‘"—'( (0.635):(0.076) i ms) || M EEm e
' 0,100 0.010
2540 = (0.258) 1120 | 0009 (0229)
28.448) 0015 (0.381)
MAX
NS Package P11A
11-Lead Single-In-Line Package (P)
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imensions

Physical D

1336 20030
- (33933 :0.762) .
“ 1000 :0.010
(2540 20.250] 0.030
+0.000 :
NANC2B ' 0175 g 005 ™ {2286)
THREAD (‘ 25 04 uon) HEAT Nom
-0.127 SINK PIN NO. 1 IDENT
* ] . [ A i .
030020010 | 0.120:0005 TGD‘ i H @ [ Y ,’_9\ .
'{7.620:0.250) | (3.048 :0.127) w7 i HAR Z N
‘ H | S /(-— -l
== 92 1 wom
0.250 $0.005 0.080 £0.005 —{2.337) 317)
0250:0.005 008020005 01 §
&350 0.027) oz uagn AT estononn | oure:0005
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