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50-1000 V

1 N400] thru '|N4007

._,ummt

Vr

Io

TA

Surmetic rectifiers, subminiature size, axial lead

mounted rectifiers for general purpose low-power ap-

CASE 59 plications.

MAXIMUM RATINGS

—_ ~N | o» g w o |~
: g(8/8/8/8|8|8/| um
Rating Symbol @S re L8 re s bs Unit
Peak Repetitive Reverse Voltage vRM(rep) ]
Working Peak Reverse Voltage VRM( wig) 50 | 100-| 200 | 400 | 600 | 800 |1000| WVoits
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage : 1200] Voits
(halfwave, single phase, 60 Hz peak) vRM(non-rep) 60..1120-1 240 3 b bt ot o 5
RMS Reverse Voltage Vr 35 70 | 140 | 280 | 420 | 560 | 700 | Volts
Average Rectified Forward Current
(single phase, resistive load, Io 1.0 Amp
60 Hz, see Figure 6, ’I‘A = 75°C)
Non-Repetitive Peak Surge Current
(surge applied at rated load I 30 (for 1 cycle) Amp
conditions, see Figure 2) FM{surge)
Operating and Storage Junction 3 °c
Temperature Range TJ’ Tstg b i
ELECTRICAL CHARACTERISTICS
Characteristic and Conditions Symbol Max Unit
Maximum Instantaneous Forward Voltage Drop VF Voits
(il-‘ = 1.0 Amp, TJ = 25°C) Figure 1 1.1
Maximum Full-Cycle Average Forward Voltage Drop VF( AV) Volts
(lo = 1.0 Amp. TL = 75°C. 1 inch leads) 0.8
Maximum Reverse Current (rated dc voltage) TJ = 25°C 1z 0.01 mA
’I‘J = 100°C 0.05
Maximum Full-Cycle Average Reverse Current IR(AV) mA
(Io =1.0 Amp. TL = 75°C. 1 inch leads) 0.03
SWITCHING DIODES/RECTIFIERS N T
3)PIV & (4)TYPE No.
4] . : - RECOVERY TIME MIN. FORWARD[MAX. EVERSF_CU'H‘RJENT CAP. ABSOLUTE [DESCRIPTION
TYPE AIV |1y - TEST CONDITIONS CURRENT Ir Ir. |TEMP|TEST | at MAX SATING OWG.
No. . tre Vi1 I AL [C[di/dt . at 25°C @25'Clat T° T |VOLT| ZERO AVG. [IMAX. |MAT. No.
aa (L' (AlfL TR g % ¥ e ;il atv\{f & Ve | & Vr Vr | VOLTS|FWD | |TEMP
S S o I us) |- I\ {A] A C) | (V] Fl -4 (A C) =1 v~ |- -
SFD183 70 |4.0n0 T0m|6.0 00 S T0m 1.0 & ﬂfuL el o 4.0(T}-z (75)111 (;7'5'$J’s.= 1007
1N9 14 75 $ |4.0n@ 10m|{6.0 1.0m@ 10m {104 |5.0u 50u |150A| 20 [4.0pd 75m [1S0A(Sias [A398
INS14A 75 s |4.0n@ 10m|{6.0 1.0m@ | 100 20m {104 _[5.0u SOu_|150A| 20 |4.0p@ 75m _[175AlSi A398
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an2222A

ALSO AVAILABLE AS JAN AND HI-REL UNITS

NPN silicon annular Star transistors for high-speed
switching and DC to VHF amplifier applications.

CASE 22 CASE 31 \
(TO-18) (TO-5) \ Collector connected to case

2N2221A 2N2218A '
2N2222A 2N2219A ‘ i

MAXIMUM RATINGS

2N2218A 2N2221A

Rating Symbol | 2N2219A | 2N2222A | Unit | |
(TO-5) (TO-18)
Collector -Base Voltage Ve 15 5 ] Vdc
Collector-Emitter Voltage VCEO 40 40 Vde
Emitter-Base Voltage ; VEB 6 6 Vde !

Total Device Dissipation at ’
25°C Case Temperature Pp 3 1.8 Watts
Derating Factor Above 25°C 20 12 mW/°C

Total Device Dissipation at

25°C Ambient Temperature Pp 0.8 0.5 - Watts
Derating Factor Above 25°C 5.33 3.33 mw/°C
Junction Temperature Range Ty -65 to +175 e
Storage Temperature Range Tstg -65 to + 200 ®©

TYPICAL CURRENT GAIN CHARACTERISTICS

20 L ==
' = N IES
>,
N
£ 10 U ot - 10
Z 1 D, Gl T, 5
g { AN A)
1,=-55° *‘\ .
Fos NORMALIZED TO lc = 150 MA ey =1V AN 05
Va=1V | maVy=2V % |
T, =259 AR
AW
54| 0 N.,
[¥] 02 05 10 20 10 20 50 100 200

50
Ic, COLLECTOR CURRENT (mAdc)



2N!22l 8A, 2N2219A, 2N2221A, 2N2222 A (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Static Characteristics Symbol | Min | Max | Unit
Collector-Base Breakdown Voltage BVepo s Vde
(e = 10 wAde, I = 0) All Types s
ollector-Emitter Breakdown Voitage BV EO 10 Vdc
(Ic = 10 mAdc, I = All Types i —
Emitter-Base Breakdown Voltage BVeno s Vdc
(Ig = 10 wAde, lc-O) All Types = o
Collector Cutoff Current 1 0.01 u Adc
(Vep = 60 Vdc, 1 = 0) All Types cRo — %
(Vep = 60 Vde, 1p = 0, T, = 150°C) All Types — 10
Collector Cutoff Current Icex 10 nAdc
(Vg = 60 Vdc, Vw) = 3.0 Vdc) All Types : —
Base Cutoif Current Inp 20 nAdc
(Vg = 60 Vde, ngom = 3.0Vdc) All Types b it
Emitter Cutoff Current nAdc
(Vg = 3 Vde, 1= 0) All Types leBO i 10
Collector-Emitter Saturation Voltage® v » Yae
(ic = 150 mAdc; Iy = 15 mAdc) All Types CE (sat) L 0.3
(I¢ = 500 mAdc, Ig = 50 mAdc) All Types s 1.0
Base-Emitter Saturation Voltage* v °d Vdc
(Ic = 150 mAdc, Ip = 15 mAdc) All Types s 188 42
uC =500 mAdc, Ig = 50 mAdc) All Types — 2.0
DC Forward Current Transfer Ratio® e —
(Iic = 0.1 mAde, Vo = 10 Vdc) 2N2218A, 2N2221A FE 20 _
2N2219A, 2N2222A 35 —
(XC = 1. 0 mAdec, VCE = 10 Vdc) 2N2218A, 2N2221A T i
2N2219A, 2N2222A 50 -
(¢ = 10 mAdc, "cx-: = 10 Vdc) 2ZN2218A, 2N2221A 35 —
2N2219A, 2N2222A 15 —
(c = 10 mAdc, Veg = 10 Vde, T, = -55°C) 2N2218A, 2N2221A 15 e
2N2219A, 2N2222A 35 —
(¢ = 150 mAdc, VCE = 10 Vdc) 2N2218A, 2N2221A 40 120 -
- 2N2219A, 2N2222A 100 300
(Ic = 150 mAde, Vop= 1.0 Vde) 2N2218A, 2N2221A 20 s
2N2219A, 2N2222A 50 _
(Ic = 500 mAdc, VCE = 10 Vdc) 2N2218A, 2N2221A 25 R
2N2219A, 2N2222A - 40 —
* Pulse Test <300 us, duty cycle <2% -
SMALL SIGNAL CHARACTERISTICS Symbol| Min | Max | Unit
Small Signal Current Gain h! e
G =1.0mA, V. =10V, { =1 kifz) 2N2218A, 2N2221A ot 30 150
2N2219A, 2N2222A 50 300
(=10 mA, Y, =10V, { =1 kifz) 2N2218A, 2N2221A 50 300
2N2219A, 2N2222A 15 375
Voltage Feedback Ratio h x10”4
(i = 1.0 mA, Vo= 10V, £ =1 kHz) 2N2218A, 2N2221A e - 5
2N2219A, 2N2222A L 8
(IC = 10 mA, th' 10V, { = 1 kHz) 2N2218A, 2N2221A - 2.5
2N2219A, '2N2222A - 4
Input Impedance h| s k ohms
(lc = 1.0 mA, ch =10V, { = 1 kHz) 2N2218A, 2N2221A g 3.5
g 2N2219A, 2N2222A 2.0 8
(lc =10 mA, ch =10V, { =1 kHz) 2N2218A, 2N2221A 5. 1.0
2N2219A, 2N2222A 0.25 1.25
Output Admittance h umhos
(lc = 1.0 mA, VCE- 10V, { = 1kHz) 2N2218A, 2N2221A = 3 15
2N2219A, 2N2222A $ 1 35
G =10 mA, V=10V, {1 ki) 2N2218A, 2N2221A 10 100
2N2219A, 2N2222A 25 200
Collector-Base Time Constant 2. 3 ps
U =20 mA, Vg =20V, { = 318 MHz) o - 150
Noise Figure NF dB
aC - 100u A, VCE =10V, Rg = 1kQ, [« 1kHz) 2N2219A, 2N2222A - 4

101
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2N2218A, 2N2219A, 2N2221A, 2N2222 A (continued)

COLLECTOR SATURATION VOLTAGE versus BASE CURRENT

|
10 T T T e
\ \ \ \ 22184, 2N22214 | |
1,=25°C |
08 ‘
=3 \m" \ sy !
= le= le = 10C mA
35 0s 1 1 { i '
S= le=10mA le =50 mA \ le = 200mA | I
=3
g8 .
3 é 04 ‘ \ \\
=
g 0.2 NS \\ ]
! — |
N R 5 \\____\-J
: 06 01 04 10 40 10 10 s 100
1. BASE CURRENT (mAdc)
19 ] L
\ : 2M22194, 2N2222A
‘ \ T,= 25°C !
08 - i
=2 | \ lc = 200mA
=3 Ic = 50 mA \ \
22 0 y b
] 2 le=10mA \ & leai00me .
TR
E > \ le =20 mA
88 o4 —
i3 N \ Pcds
73 N i RS
0.2 i
] - —
0 i
0.06 0.1 04 1.0 a0 10 ) 100
: I, BASE CURRENT (mAdc) !
|
1
CURRENT GAIN — BANDWIDTH PRODUCT and COLLECTOR STORAGE AND FALL TIME versus COLLECTOR CURRENT |
BASE TIME CONSTANT versus COLLECTOR CURRENT
_140 200
g 1 H % , Yee = 30V
z o \ Ve = 10V g 200 E== Tk ;:;ZI:"
£ 100 Jam 200 500 & S 4 =10
% N 2 z 100 e G ":-+§:
= < “E I e St
i -_—— o w2 £ v e e
= v 4 e R, 2 =2
= / s e Erhs RN — 7
2 a0 2003 t . ==
: / .§- 20 _--mEzmI\_zu‘:" ——Pag e =1
R g 100 § — 2N2218a 212
< 0 3 ake. kgl
3 6 9 12 15 18 21 2¢ 27 30 o v T 200 =00

e COLLECTOR CURRENT (nfdc) I, COLLECTOR CURRENT (ma)



54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SSI GATES... LOGIC AND PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES

Vi a8 4A & B 3A v

4Y 48 4A GND 3B  3A 3V
wiisl le

[w][o] [u] [w] [w] [s] [s]

s

L4

QUADRUPLE 2-INPUT
POSITIVE-NOR GATES

positive logic:
Y = AB T s s vz s e {s[ e[
1A "» 1w 2A . Yy GND ALY " W Ve 2V 2 B
SN5400/SN7400(J, N) SN5400/SN7400(W).
SN54HO0/SN74H00(J, N) SN54HO00/SN74H00(W)
SN54L00/SN74L00(J, N) SN54L00/SN74L00(T)
See page 86 SN54L.S00/SN74LS00(J, N, W)
SNS4S00/SN74S00(J, N, W)
4y 48 4 Y B 3 4Y 48 4A GND 3B 3A 3V
02 inininioininin! wL[o] [a] {i (o] [+1 [+

B
) (S

HEX INVERTERS *

SESH

positive logic: ?_]
Rt Bllgistislizinilintl BebBigEieeiinlinkl
k) LY » v 2A 28 GND 1A » W Vvec 20 »
SNS402/SN7402(J, N) SN5402/SN7402(W)
SN54L02/SN74L02(J, N) SN54L02/SN74L02(T)
See page 92 SN541L.S02/SN74LS02(J, N, W)
SN54S02/SN74502(J, N, W)
o SAa 8Y  aa ay " w A L Y SA s
n 4 " 0 wl jol jel fn] {w] o] s

TRIPLE 3-INPUT
POSITIVE-NOR GATES

positive logic:
Y = A+B+C

positive logic: \
1 HeBeleDelskl 1 21 e[ (s ]2
A w A 2y £y 3¥ GND " o 2A v A ¥ A
SN5404/SN7404(J, N) SN5404/SN7404(W)
SN54HO04/SN74H04(J, N) SNS4HO04/SN74H04(W)
SN54L04/SN74L04(J, N) SN54L04/SN74L04(T)
See page 86 SN54LS04/SN74LS04(J, N, W)
SN54S04/SN74S04(J, N, W)
x 1w x » 3A v
21 Ininininioinin)

=]

b5

2 e s e T

A W A B X 3
SN5427/SN7427(J, N, W)
SN54LS27/SN74LS27(J, N, W)
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE BUS BUFFER GATES WITH THREESTATE OUTPUTS

125

Y=A
Output is off (disabled) when C is high.

See page 6-33

& 4 & x 1A IV
wi jol jw| In| Iw| js| jo

SNS54125 (J, W) SN7412S (J,N)
SNS4LS125 (J, W) SN74LS12S (J,N)

DUAL JK FLIP-FLOPS WITH CLEAR

73
73, 'W73,L73 . “Ls73
FUNCTION TABLE FUNCTION TABLE
INPUTS OUTPUTS | INPUTS OUTPUTS
CLEAR CLOCK J K| 0 @ CLEAR ClOck 4 k| @ @
L - e & B sl L BN Lt -
H NLL L|ay G H s e 9
‘H 0, T G 1 e H i H L}l H L
" N L N /m H I AR w SNS473 (), W) sR7a73 4, N)
SNS4H73 (J, W) SN7&HT73 (J,N)
" S ® n]joccie : :. : : ;?ng SNSALT3(J,T) SN7ALT3I W, N)
SNSALS73 J,W) SN74LS73(J,N)

See pages 646, 6-50, 6-54, and 6-56

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESET AND CLEAR

74
FUNCTION TABLE
INPUTS OUTPUTS
PRESET CLEAR CLock D | 0 @
L H x x|H L
] L x x| L H
L L X x | H W
H H t H|lH L
H n t k4 ak
H H L x |Qp Qo

See pages 646, 6-50, 6-54, and 6-56

SN7474 (3. N)
SN74H74 LU, N)
SN74L74 (J,N)
SNSALST4A (J, W) SN74LST4A (I N)
SN54574 (J, W) SN74574 (J,N)

SNS474 ()
SNS4H74 (J)
SNSALTA D) -
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L TYPES SN5490A, SN5492A, SN5493A, SN54190,SN54193,

' SN541S90, SN541S92, SN541S93, SN7490A, SN7492A, SN7493A,

msli SN74190, SN74193, SN741S90, SN741S92, SN741S93
: DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS .

BULLETIN NO. DL-S 7611807, MARCH 1974—-REVISED OCTOBER 1976

; ; SN54’, SN54LS' . ..J OR W PACKAGE
‘90A, ‘L90, ‘LS90 ... DECADE COUNTERS SNS4L’...J OR T PACKAGE

SNS4", SN74L°, SN74LS’ ... J OR N PACKAGE
‘92A, 'LS92...DIVIDE-BY-TWELVE
' COUNTERS *90A, 'L90, 'LS90 (TOP VIEW)
‘93A, ‘L93, ‘LS93... 4-BIT BINARY » "
COUNTERS - |
g
TvisE TYPICAL L
POWER DISSIPATION
'90A 145 mW
'L90 20mW [
LS90 45 mW 0 ” i
‘92A, "93A 130 mW positive logic: see function tables
‘LS92, 'LS93 45 mW
. L83 16 mwW > '92A, "LS92, (TOP VIEW)
—-:7' 3 S hed
description ' Inioinioioinin!
Each of these fithi s ins four BEd 3
master-slave flip-flops and additional gating .to
provide a divide-by-two counter and_a thgee-stage G i e
binary counter for which the count cycle length is
divide-by-five for the '90A, °L90, and ‘LSS0, TG AEFE
divide-by-six for the ‘92A and °‘LS92, and " W W Ve fem e

divide-by-eight for the "93A, ‘L83, and ‘LS93.

I

All of these counters have a gated zero reset and the » A f
'80A, ‘L90, and ‘LS90 also have: gated set-to-nine —
inputs for use in BCD nine’'s complement s = ‘

& wllol fel inl fwl-Jells i
npplicmom. l
To use their maximum count length (decade, divide- 1
by-twelve, or four-bit binary) of these counters, the B id |
input is connected to the QA output. The input 1
count pulses are applied to input A and the outputs |
are as described in the appropriate function table. A 2 eAsHeH: |
symmetrical divide-by-ten count can be obtained o gt S o
from ‘the '80A, ‘L90, or ‘LS80 counters by positive logic: see function tables

ing-the Qp output to. the A input and T
applying the input count to the B input which gives a ‘L93 (TOP VIEW)
divide-by-ten square wave at output Qa. by oA oo ber il

“ % L o
a
*q

ikl
Rocn

MEIRRIBRIEAI IR
ot fem W ver

positive logic: see function tables
NC—No internasl connection
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TYPES SN5490A, ‘92A, '93A; SN54190, 'L93, SN54LS90, 'LS92, 'LS93,
SN7490A, '92A, "93A, SN74190, 'L93, SN74LS90, 'LS92, 'LSS3
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

*BOA, “L90, "LS90 *BOA, "L90, "LS90
~mc?\:;::\,nnct BLOUINARY (8.2] '92A, 'LS92 W‘Tﬂ‘
o M $8e0 Noto 8) COUNT SEQUENCE UNT SEQUENCE
Epeye OUTPUT counN outrut (See Not C) {See Note C)
Qp G¢ Op Qg Qa Op Oc Og oUTPUT ouTPUT
i [ e R " i Sk s S o PO
Op Oc O Qa Op Oc O Qa
1 L L LM . fL LA m ® 1k & & & - FiP T g g v
P44 MR R O 36 R S Y L L oL W
O e R 3 | L ww 2 jJL v owec 2. FeiA R
a v om oL oL a L W oL oL 3 jle € uwow 3 v vn -
5 L H L H L 8.4 L & 4 e Al SR | g S VR T ol el
L] (S I 8 6 %L .9 [ L H L M o 5 W R
1 L HH M ? H L ML L] L S N 6 L H H L
8 |H L oL oL I T PR T anr S W 7. lL HoHow
9 |n L L w 9 |M M oL oL 8w £ N 8 |H L L L
; 2 9 v L W H 9 |v L/L m
*90A, 'L90, LS80 0 B RL TR 0 W oLln oL
RESET/COUNT !uncnono':;:.’!‘ B I M luw Liw n
e IR O P e T S
o e : 1B |H ML oM
T et “ v oM oH oL
Pt o 15 |H H H M
COUNT
SOUNT ‘92A, 'LS92, '93A, ‘L83, 'LS93
by RESET/COUNT FUNCTION TABLE
pr. b RESET INPUTS ouTPUT
Rot1) “Rot2) |Op O¢c Qs Qa
H H . L. &
NOTES: A. Output Qp Is connected to input B for BCD count, L x COUNT '
B. Output Qp is connected to input A for bi-quinary t |
— X L COUNT i
functional block diagrams |
*90A. 190, 'LS90 '92A, 'LS92 "93A, °L93, °LS93
2
Ro2) |
o, te3a)i'L93) ;
g
weuta L8 12 b
14) Oa 1;
INPUT A Qa
eyt A L1404
r’ﬂo-
weure o 1) |
" eyt g AL o os |J ofl2ll®l g
eyt L0181 ok
!x
ool % ac
&y % ™ ol 8101 o
3 3
X
|
Qp
o) o
cK !
aleili
g Op Aot v i
X oD o S |
Rot Ro2) ‘
Ror2) |

The J end K Inputs shown ware for only and are functionally st » high levsl, |
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.« SR . TYPES SN5415138, SN541S139, SN545138, SN54S139,
MSI , : ’ SN74lS‘I38 SN741S139, SN74S138, SN745139
rg DECODERS/DEMULTIPLEXERS

BULLETIN NO. DL-S 7611804, DECEMBER 1972-REVISED OCTOBER 1976

-
e Designed Specifically for High-Speed: -
: SN54L5138, SN545138 ... J OR W PACKAGE
hDAe:n?;y '?:“e:)dlen B SN74LS138, SN74S138 ... J OR N PACKAGE
ata Transmission Systems (ToP VIEW)
e ‘S138 and 'LS138 3-to-8-Line Decoders :
- Incorporate 3 Enable Inputs to Simplify SRS GUTROTS !
Cascading and/or Data Reception vee /vo vi_vi_ v va Ve {
2 4]0 1 1 ] |
e 'S139 and 'LS139 Contain Two Fully . Spwsupupujnine
Independent 2-to-4-Line Decoders/ l l 1 1 1 l
Demultiplexers Yo Yl vz Y3 ve ¥
e Schottky Clamped for High Performance ¥ »
TYPICAL
TYPICAL
TYPE PROPAGATION DELAY INIEZIERIERIRRILEIRAIL
(3 LEVELS OF LOGIC) Niratastas A B C )\ GIA G G ou‘v':uvm
‘LS138 22 ns 32 mwW SELECT ENABLE
‘5138 8ns 245 mW
‘s139 - 22ns 34 mwW
- WPty A 300mW positive logic: see function table
description
These Schottky-clamped TTL MSI circuits are SNSALS139, SN545139 . . . J OR W PACKAGE
designed to be used in hlgh-performnel memory- SN74LS139, SN745139...J OR N PACKAGE
. decoding or data-routing applications requiring very (TOP VIEW)
short propmﬁon delay times. In high-performance \
y these d ders can be used to ol > s SELECT DATA OUTPUTS i
mlnlmln the effects of system decoding. When " /aa 28\ave avi avz av3 5
employed with high-speed memories. utllizlng a fast- Wl jgingiwl]e
.. enable circuit the delay times of these decoders and ;
©. the enable time of the memory are usually less then . 5 5

the typical access time of the memory. This means
that the effective system delay introduced by the

Schottky-clamped system decoder is negligible. r{ TR ARy, Sels ) G, n]

T Tho ‘LS138 and ‘S138 docoda one-of-eight lines N L O 3

4 4 st l I AIRRIERIRRILRIRAIL
ep on the at the three binary T S e W 7 5 o
select inputs and the three enable inputs. Two ensLe
active-low and one active-high enable inputs reduce cipdait bR

by the need for external gates or inverters when

expanding. A 24-line decoder can be impl d i
without external inverters and a 32-line decoder 1 positive logic: see function table

requires only one inverter. An enable input can be
used as 8 data input for demultiplexing applications.

The ‘LS139 and ‘S139 comprise two individual two-line-to-four-line decoders in a single package. The active-low enable

input can be used as a data line in d plexing applications

All of these decoders/demultiplexers feature fully buffered inputs each of which represents only one normalized Series
54LS/74LS load (°LS138, 'LS139) or one normalized Series 545/74S load ('S138, "S139) to its driving circuit. All
inputs’ are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series’
54LS and 54S devices are characterized for operation over the full military temperature range of ~55°C to 125°C;

Series 74LS and 74S devices are characterized for 0°C to 70°C industrial systems. ‘
- J
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TYPES SN541S138, SN54S138, SN541S139, SN54S5139
SN741S138, SN74S5138, SN741S139, SN74S139
DECODERS/DEMULTIPLEXERS

functional block diagrams and logic |

‘LS138, 'S138
e i FUNCTION TABLE
INPUTS ‘3
.
UTPUTS
'E}ﬂ' vo ENABLE | SELECT o
e, Gl _ G2°|Cc B A[Y0 Y1 Y2Y3 V4 VY5 Ve Y7
P X HIX X X[HHN W HAH NN
f..':,'.‘,'m..,_ ) RS G (Y R R i
e i H L |t L LjL WwHHHHHH]
= | "’»”" H L |L L H[H L HHHHHH
"Ei_)’m‘"w""" H L |L H L|H HL H.HHHH
R H L |L  H H[H HHLHHUHUH
Ao > =D anb! H L [H L L|HHHHLHHH
AU T Y NG GO " (U R T e T
SELECT 2) I\ - v8
=D 1> »--t_}m R T AT BT T O I B o
.| 21 4y H
e > ) LJH H HIH HHHHHHL
) ‘G2 = G2A + G28
H = high level, L = low level, X = irrelevant
'L§139, '$139
.
;}"—'m - 'L$139, '$139
wm = (EACH DECODER/DEMULTIPLEXER) '
i =| LI FUNCTION TABLE {
i |
. i INPUTS =
seueer ) ' D > ) . ENABLE | seLecT| CUY
wNPyTS " 1 s 1v3
'—D‘: [ oata G B Alvoviv2v3)
T, et H X X|H H HH
—:-D L L L]e v nun
s |
}naunc—{} . Jl:}“_'lgv. L L H|H L HH {
= L R 6 T f
e - L H H|H H H L !
sneer J Do f
INPUTS ”“ﬂ . v H = high level, L = low level, X = irrelevent
D p

schematics of inputs and outputs

EQUIVALENT OF EACH EQUIVALENT OF EACH TYPICAL OF OUTPUTS TYPICAL OF OUTPUTS

INPUT OF "L$138, 'LS139 INPUT OF '5138, '$139 OF "LS138, "LS139 OF "$138, 'S139
Taonwom]  C T wawom} o

NOM
Vee - Vee , ot e |
20 kN2 NOM - - _.{
NP +¢ -
INPUT ~—o-fi¢ INPUT ouTPUT ouUTPUT
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Am8212

Eight-Bit Input/Output Port

109

Distinctive Characteristics

o Fully parallel, 8-bit data register and buffer replacing
latches, multiplexers and buffers needed in micro-
processor systems. ..

4.0V output high voltage for direct interface to MOS
microprocessors, such as the Am9080A family.

Input load current 250pA max. .

Reduces system package count

® Available for operation over both commercial and
military temperature ranges.

e Advanced Schottky processing with 100% reliability
assurance testing in compliance with MIL-STD-883.

e Service request flip-fiop for interrupt generation

@ Three-state outputs sink' 15SmA

® Asynchronous register clear with clock over-ride

! FUNCTIONAL DESCRIPTION

All of the principal peripheral and input/output funcnom ofa
| Microcomputer System can be implemented with the Am8212.
The Am8212 input/output port consists of an 8-bit latch with
3-state output buffers along with control and device selection
logic, which can be used to lmphment latches, gtmd ‘buffers
or multlphm

LOGIC DIAGRAM
SHD e
stLecTion o%al /N
=3 ) RN
=N
ACTIVE LOW
2 R
w0 . SUFFERS
mJ‘_ﬁ?}D‘ i I
g I R A
§o — =
f<% uuumj g 1
! . -
| g8 4 o P> & oo;
€ n
1y — o o 1—-"—»,
—c .
A |
e o Kl P
I—C‘
oy = o 1—-'3-00.
1€ n
| EWMESE | X
i cm R G
p—qC
- il
ad it |
j AP |
e . E—l&%
o | s
& — Do - X l
(ACTIVE LOW) ¥ .kl

CONNECTION DIAGRAM

Top View

o, . ™ 2 2 Ve
mo[] 2 a [
°‘|E 3 ‘[ _]0W
00} 4 2 {008
m,: s 20 {_]%
00, w []00%
“sg 7 L w {0
003} s 7 {_]o0g
o] 8 [ ]%
l?o.c 10 s {_]00s
s ]n e (TR
ono[ 12 - 13 [_]0%2

Note: Pin 1 is marked for orientation.

PIN DEFINITION

Diy—Dig DATA IN

DO, -DOg DATA OUT

DSy -Ds2 " DEVICE SELECT

MD MODE

STB STROBE

iNT INTERRUPT (ACTIVE LOW)
CLR CLEAR (ACTIVE LOW)

. ORDERING INFORMATION

Package Temperature Order
Type Range Number
Hermetic DIP —55°C to +125°C AM82120M
Hermetic DIP 0°C to +70°C 8212
Moided DIP 0°C to +70°C P8212
Dice . 0°C to +70°C AM8212XC
Hermetic DIP 0°C to +70°C Cc3212
Molded DIP 0°C to +70°C 3212




National
Semiconductor

MOS EPROMs

MM2708, MM2704 8k and 4k UV Erasable PROM

General Description

The MM2708, MM2704 are high speed 8192/4096-bit
UV erasable and electrically reprogrammable EPROMs
ideally suited for applications where fast turn-around
and pattern experimentation are important requirements.

The MM2708, MM2704 are packaged in a 24-pin dual-in-
line package with transparent lid. The transparent lid
allows the user to expose the chip to ultraviolet light to
erase the bit pattern. A new pattern can then be written
into the devices by following the programmmg moeedure

The MM2708, MM2704 is fabricated with the reliable,
high volume, time proven, N-channel silicon gate
technology.

’e

Features

1024 x 8 organization (MM2708)

512 x 8 organization (MM2704)

800 mW max

Low power during programming

Access time—450 ns max

Standard power supplies: 12V, 5V, -5V
Static—no clocks required

Inputs and outputs TTL compatible dunng both
read and program modes

TRI-STATE® output

Block and Connection Diagrams

44— Vpg * 12V
4 Ngg+ ¥
G Vgg GND
gy -V
uuumnnuu-m

et

m—b{iwuunulmnm! Lo6Kc I
T

T
1
1 ______ ol Cetwes [T max
]
v |
[E ADORESS Z> ¥ Decooe E> Y GATING 1
SUFFER
ADORESS ]
o x bt bt u"l !
g [ Xwscoe o ui= “.r'lulm 1
]
T t 1
Rl - o e B B Gl s e e i i e i o
Order Number MM2708Q or MM2704Q
See Package 21
Order Number MM2708JQ or MM27043Q
' See Package 10C
Pin Connection During Read or Program Note. MM2704: Pin 22 = Vss
e PIN NUMBER -
9-11, 13-17| 12 18 19 20 21 24 Pier Descrip
Read Dout Vss|Vss |Vop | ViL | VBB | Vce AD—A9 Address inputs
01-08 Data outputs
Program DIN Vss | Pulsed | Vpp | Vikw | VBB | VcC CS/WE cn: select/write enable input
Vinp
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Absolute Maximum Ratings (Note 1)

Temperature Under Bias -25°C to +85°C CS/WE Input with Respect to VBB

Storage Temperature ~65°C 10 +125°C During Programming 20V 10 0.3V

Vpp with Respect to Vg 20V to —0.3V Program Input with Respect to VBB 35V 10 0.3V

Ve and Vgs with Respect to VBB 15V t0 0.3V Power Dissipation 1.5wW

All Input or Output Voltages with Lead Temperature (Soldering, 10 seconds) 300°C
Respect to Vgg During Read 15V t0o 0.3V

Read Operation

DC Operating Characteristics
Ta =0°C 10 +70°C, Vo = 5V 5%, Vpp = 12V 5%, VBB = f-SV 5%, Vgs = OV, unless otherwise noted, (Note 3)

PARAMETER o CONDITIONS MIN TYP MAX UNITS
I Address and Chip Select Input VIN=5.25VorVIN= V)L 1 10 pA
Sink Current
1L0 | Output Leakage Current VouT = 5.25V, CS/WE = 5V 1 10 HA
IpD VpD Supply Current Worst-Case Supply Currents, All Inputs. 44 65 mA
High, CS/WE =5V, Ta = 0°C ;
lcc Ve Supply Current Worst-Case Supply Currents, All Inputs 7 10 mA
High, CS/WE =5V, TA =0°C i
IBB VgB Supply Current Worst-Case Supply Currents, All Inputs 34 45 mA
High, CS/WE = 5V, Tp = 0°C
ViL | Input Low Voltage § T Vss 0.65 v
VIH Input High Voltage- 3.0 Veett v
VOH1 | Output High Voltage IoH = —100 A 3.7 v
VoH2 | Output High Voltage IoH=-1mA 24 v
- VoL | Output Low Votlage IoL=1.6mA 0.45 v
Pp Power Dissipation 800 mW
AC Electrical Characteristics
Ta =0°C 10 +70°C, Vog = 5V 5%, Vpp = 12V 5%, Vga = -5V 5%, Vgs = 'OV, unless otherwise noted
PARAMETER CONDITIONS MIN TYP MAX UNITS
TACC | Address to Output De'lay Output Load: 1 TTL Gate and C|_= 100 pF, 280 450 ns
1co Chip Select to Output Delay Input Rise and Fall Times < 20 ns: Timing ; 60 120 P
Chvio Daeh o " Meast Reference Levels: 0.8V. ° 20
1OF ip Deselect to Output Delay | g 2.8V for Inputs; 0.8V and 2.4V for 3 o
tOH | Address to Output Hold Outputs, Input Pulse Levels: 0.65V to 3V ns
CAPACITANCE, (Note 2) 7
CiN | Input Capacitance VIN=0V,TA=25°C,f=1MHz 4 6 pF
CouT | Output Capacitance VouT =0V, TA=25°C, f= 1 MHz 8 12 pF
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device d. E for “O

Temperature Range” Mmnotmwmﬂymmmmwhmnmﬁmmmmd"EhcmolCh.mhnu"

provides conditions for actual device operation.

Note 2: WBWWMMSQTA-NCJ-IMW

Note 3: Typical diti

nre for

at: Tp = 25°C, Vog = 6V, Vpp = 12V, Vgg = =6V, and Vgs = OV.
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Switching Time Waveforms

— )

i i

‘on

ACE ol - ’ e
W \\\\\ AN
T EE
Programming Instructions .

Initially, and after each erasure, all bits of the MM2708,
MM2704 are in the “1” state (output high). Information
is introduced by selectively programming “’0” into the
desired bit locations. A programmed “0" can only be
changed to a 1" by UV erasure.

A Y

The circuit i set up for programming operation by
raising the CE/WE input (pin 20) to +12V. The word
address is selected in the same manner as in the read
mode. Data to be programmed are presented, 8 bits in
parallel, to the data output lines (01—08). Logic levels
for address and data lines and the supply voltages are
the same as for the read mode. After address and data
set up, one program pulse per address is applied to the
program input (pin 18).;One pass through all addresses
is defined as a program Jooc The number of loops (N)

Programming Characteristics
Ta = 25°C, Vgg = 5V 5%, Vpp = 12V 5%, Vgg = —5V £5%, Vss = OV, unless otherwise noted

DC Programming Characteristics

required is a function of the program pulse width (tpyy)
according to N x tpyy > 100 ms.

The width of the program pulse is from 0.1 to 1 ms. The
number of loops (N) is from a minimum of 100 (tpy =
1 ms) to greater than 1000 (tpw = 0.1 ms). There must
be N successive loops through all 1024 addresses. /t is
not permitted to apply N program pulses to an address
and then change to the next address to be programmed.
Caution should be observed regarding the end of a pro-
gram sequence. The CS/WE falling edge transition must
occur before the first address transition when changing
from a program to a read cycle. The program pin should
also be pulled down to V| p with an active instead of a
passive device. This pin will source a small amount of
current (ljpL) when CS/WE is at Viqw (12V) and the
program pulse is at Vp.

‘—: PARAMETER CONDITIONS MIN TYP | MAX UNITS
[N Address and CS/WE Input ° V|N = 5.25V 10 HA
Sink Current
hipL Program Pulse Source Current 3 mA
lPH Program Pulse Sink Current 20 mA
Ipp VDD Supply Current Worst-Case Supply Currents, All Inputs High, ad 65 mA §
CS/WE =5V, Ta =0°C
Icc Ve Supply Current Worst-Case Supply Currents, All Inputs High, 7 10 mA
CS/WE =5V, Ta=0°C
Igg Vgsg Supply Current Worst-Case Supply Currents, All Inputs High, 34 45 mA
CS/WE =5V, Tp =0°C
ViL Input Low Level (Except Vss 0.65 v
Program)
ViH Input High Level, All 3.0 Veett v
Addresses and Data
ViHw | CS/WE Input High Level Referenced to Vsg 1.4 126
ViHp | Program Pulse High Leve! Referenced to Vss 25 27
ViLpP | Program Pulse Low Level VIHP = VILP = 25V Min Vss 1 v
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AC Programming Characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
1AS Address Set-Up Time 10 Hs
1css CS/WE Set-Up Time 10 us
tps Data Set-Up Time 10 us
1AH Address Hold Time i 1 us
1CH CS/WE Hold Time . : 0.5 s
1DH Data Hold Time 1 Hs
1DF Chip Deselect to Output Float Delay 0 120 us
1DPR Program 1o Read Delay 10 : Hs
PW Program Pulse Width 0.1 1.0 ms
PR Program Pulse Rise Time j 05 2.0 Hs
1PF Program Puise Fall Time 05 2.0 us
Programming Waveforms

3 At READ
10F N M LODPS - (AFTER N PROG ——
Vinw e 8 - LoOPS)
BSme =
Vi
HE—— ‘CHie.S)—] [~
— |t worEn)
Vin W
" ADDRESS x ADDRESS x ADDRESS 1 ADDRESS 1023 x ADDRESS §
i S
1| FT anm
--IA““-.- — w' . 5
——f- 1ACC 450 ms MAX
™ " \ DATA 0! DATA /
el x x wvALD NV vALID
v Y
= t0s(10) =1 = ou) - I'-'nm ’
(0.0 ms MIN)
s s | i : MAX) l = \eF(05) ! DPR(10 MAX)
Vine
PROGRAM
PULSE

Vi —_‘ t_*

Note 1: The CS/WE transition must occur atter the program pulse transition and before the address transition.

Note 2: Numbers in par indi

timing in

ds unless otherwise specified.
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Typical DC Performance Characteristics

Maximum Junction
Temperature vs Ambient

Temperature
150
S
< -1
H /
2 ]
- S /
§ .
3
= s
=
H 030" 00 CW
2 Veg = 525V -
1 Vpp = 128V
- Vgg = 5.25V
]
(] .2 @ 0 n

Ta — AMBIENT TEMPERATURE (°C)

Output Sink Current vs
Output Voltage

SUPPLY CURRENTS (mA)

Range of Supply Currents
vs Temperature—
1] i } ALL POSSIBLE
OPERATING CONDI
=migH - | VeceS2sV
% TSwE - vpg = 12.5v1
Vgg = 5.25V
w = HIGH
oo
il
n - LOW, "1
............................. "y
(] —
R W S S8 e S

Ta ~ AMBIENT TEMPERATURE (°C)

Vg~ 475V

g /

N

r,-rV ‘

<

£

=

5

S s /.

z v/

H ¢ Ta=25°C z
- 4

2 Ta=0°C
& /

a =il

' 2

-

>

o |

2 4 1 ] ] "
Vgy ~ OUTPUT VOLTAGE (V)

Typical AC Performance Characteristics

Access Time vs Temperature

500 T T
1 TTL LOAD + 100 pF

T W .
-
Z
g /
o
2 ooes
1
el
<
= 100

(]

22 1 ™ 4w ®u =
Ta - AMBIENT TEMPERATURE (°C)

tACe - ACCESS TIME (ns)

Access Time vs Load

Ta=25°C

€y ~ LOAD CAPACITANCE (pF)
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LM340 series voltage regulators

general descrlptlon

The LM340-XX series of three terminal regulators
is available with several fixed output voltages making
them useful in a2 wide range of applications. One of
these is local on card regulation, eliminating the distri-
bution problems associated with single point regulation.
The voltages available allow these regulators to be used
in logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voitages
and currents.

The LM340-XX series is available in two power pack-
ages. Both the plastic TO-220 and metal TO-3 pnckap
allow these regulators to deliver over 1.5A .if adequate
heat sinking is provided. Current limiting is included 10
limit the peak:output current to asafe value. Safe-area
protection for the output transistor is provided to limit
internal power dissipation. If internal power dissipation
becomes too high for the heat sinking provided, the

\

Voltage Regulators

thermal shutdown circuit takes'mer.b;eventing the IC
from overheating.

Considerable effort was expended to make the LM340- |

XX series of regulators easy to use and minimize the
number of external components. It is not necessary 10
bypass the output, although this does improve transient
response. Input bypassing is needed only if the regulator
is located far from the filter capacitor of the power

- supply.

features

' Omputeurrm in excess of 1.5A

= _ internal. thermal -overioad protection
= No external- components required

® QOutput transistor safe area protection
® Internal short circuit current limit-

® Auvailable in_plastic TO-220 and metal TO-3 packages

schematic and connection diagrams

Plastic Package

I % - : : ~~OUTPUT @)
O ‘ ~—GND )

.
©ND ()
) "o pma
\unn m
Tor view
Order Numbers
LM340T5.0 LM3407 -
LM34076.0 T LM3407 1.
LM340T-8.0 LM3407-18
LM340T7-10 LM3407T-24
See Package 26
Metal Can Package
(K) {Steel) g

(KC) (Aluminum)

LM340K-10 LM340KC-10
LM340K-12 LM340KC-12
1M340K-15 LM340KC-15
LM340K-18 LM340KC-18
. LM340K-24 LM340KC-24

St em ce— s See Package 18 v

115



absolute maximum ratings

Input Voltage (Vg = 6V through 18V)
(Vo = 24V)
Internal Power Dissipation (Note 1)

35V
40V -

Internally Limited

35°C/W for the TO-3 package and 50°C/W for the TO-220 package.

\

Operating Temperature Range 0°C to 70°C
Maximum Junction Temperature
TO-3 Package .. 180°C’
TO-220 Package . ; . .160°C
Storage Temperature Range -65°C to +160°C
Lead Temperature . 4 g
TO-3 Package (Soldering, 10 sec). 300°C:
T0O-220 Package (Soldering, 10 sec) 230°C,
electrical characteristics’
Ta =0°cto 70°C, lg = 500 mA, unless otherwise noted.
OUTPUT VOLTAGE "5V 8V RA T ov £oasi T 18V - : 18V L 24V- ;
INPUT VOLTAGE (unlers otherwisa notsd) T 10V 11V 7 Sy A/ T v v, TR R TN | W A uNITS
PARAMETER CONDITIONS MIN_ TYP MAX | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | MIN TYP. MAX | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX| ' - :
Vo  Output Voltage T)=25°C 48 6 ‘52 | 6766 625| 7.7 8 83 | 08 10 104) 115 12 126144 16 166 [17.3 18 187 23 4 25 v
| Po<1BW.EmA<Ig<1000mA| 4.75 5.26| 6.7 83 | 78 84 | 06 05| )14 . 126[14.26  16.75[17.1 189 (228 %2 | v
WVMIN{"INSVMAX ,{ (7<vin<20) (ISVW'SIH (M0BSVINS23) | (126 SVINS26) 1145 S VNS 27)| (12,6 S VN <301 | (21 SVINS3) [ (27SVNS38)| ° v
AVQ  Line Regulation Ty=25°C,Ig = 100 mA X 60 | 60 80 100 1120 . 180 180 - 240 mv
T)=26°C, 19 = 500 mA T R 160 0 ([ * - fao 300 60 - 480 mv
: Z . SVINS26) | (BSVINS28) | 1065 ViNS26) [ 1126 < Vyn < 261 (146 < ViN'S30)| 17.8 S ViN'< 30 | (21 S Vi €33) | 27 S Vin < 38) v
AVQ Load Regulation Ty=28°C ' 100 | 120 160 200(). - [20 300 360 480 mv
. ! - 16<10<1500) | 15<10< 1500) | (510 1800] | (6<10< 1500) |{(6S 10 1600) | (6K 10°< 1600) | (6.< 1o < 1000) | (6< 1o < 1000) mA
AV Long Term Stability : 20 WELLE Mk 32 T a8 60 Bk yho 98 | mV/1000 hes
10 Quiescent Current | Tj=26°C 7. -10. TR 7. 54D e 0 | e g 710 710 mA
Alg  Ouiescent Current - | Iy < 1o € IMAX <o+ 08 1ERESLE I Py IR J 05 -~ 056 .0 1. 08 mA -
Change '8< 10 < 1600) | (8< Ig < 1500) (6 <19 < 1500) | '(6 < 1g < 1500) ’(sslo 1600) | (6< 19 < 1600) | (5< 19 < 1000) | (5 < Ig < 1000) mA
VMINS VO SVMAX - U R ) ) D 10 <] 10 LY I I 0. .10 mA
. ngving2s |! BLVN<S26) | 106K VINS26)| (126 V)N < 26)[ (145 S ViN<30)| (176 S ViNS30)| 21 VINS3I [2TSVING30) | v
Vn  Output Noise Voltage] Tj=26°C, f = 10 Hz — 100 kHz 0 A 88 % 0 76 00 s It (170 uw
Av, B ; - -
—N piople Ajection | #2120 12 80 57 55 54 62 80 48 . a8
Avour : s . i 3 . :
. Input Voltage Ty=25°C 7 8 108" 1128 14.5 178 I (T g ) v
Required to Maintain ; . ‘
Lioe Regulation . : !
Nots 1: Thermal resistance without a heat sink for Junction to case temp is 4°C/W for the TO-3 package and 4° C/W for the TO-220 package. Thermal resistance for cass to amblent temperaturg Is 3
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typical performance characteristics

_ POWER DISSIPATION (W)

AIPPLE REJECTION {d8)

w = ¥8

{3 5

Maximum Average Power Maximum Av;r-m 242 )
Dissipation - Ty e\ " Dissipation_ = - Peak Output Current
: 2
Yoz2 INFINITE HEAT SINK s af ’-: 3 I aVour ® 2% OF Vour
ik arpe— ] | wemire .
e 1o S T,=0°C
e R - R RN
o - -
+ .3 & . MEAT SINK : I i \K\
3 A T - - S s
NOMEATSINK | - g 2 | MOMEAT sk BT ; r\ S \\
— = £ 1 N
oo B : ) N\
- s -"-k
J . .3 - .
P B N & ®. B - 8. LM . s 5 m o1y » 3 .3
 AMBIENT TEMPERATURE (") = 7. AMBIENT TEMPERATURE () | INPUT-OUTPUT DIFFERENTIAL (V)
. .. Ripple Rejection "’ ™ Dropout Voitage :
S 25
: ~ [t=120m - SVour = 2% OF Vour
| a2 AV ® Iy, - =
l! Vsl mii .!!III s = ok e
o T g e Wi
nilj ».I“erm“v'“"w NP %4 57/ /LI . el o g == o
| il § I iesss, 10v & 3 B,
! i - LM340.96, 11V . s -
4 | LM340-08, 18V £ lour =20 mA 1
B Rt s 3 - s,,.:b.\
- | tmaep15. 23v £ :
| Lmaes18, 27V g
/ 026,30V . o
* ‘;‘_‘l S5 T W ® B 0. 2% s _7 -0 15 15
: f° R JUNCTION TEMPERATURE (°T)
on;nnvm-p ﬂ ¥ ; &
' INumdludn‘an!b‘CT‘) > Quiescent Turrent .
M Srgmtwgs -
e Ve Vour=sv
:  [lour =2 mA * ~
s : —pa
= g, & /4 = <
J Em 2 3
& - - - ——— - 4 -
N o :
o0 — X g '-"_“'.— e
; " I i)
! e =T ] s
0880 - . A B 5 ¢ 0 B -
: %W T W 125 I8 LAt LR T R “-“:,- g
: - JUNCTION TEMPERATURE (C) = CWPUTVOLTAEMV) o T o
N O T e e S g
b RS i FaloE - R .
.1 Quiescent Current \’ :4 ©  Output impedance ™ >
s i 0 P
i : : - Va0V Al
G .- A = = - Vour * 5V e T
B 2y 4 Sax % lour = 580 mA A
el o ) - LA AL
2 'E N e .g ’ e - . 5
R JT) o e b T MR £ g TR
= S LY . et T 3’
: § S F Vum 10V CEC o P
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"~ AmS55

Precision Timer

118

Distinctive Characteristics

® Timing from microseconds through hours
® 200mA output sink current

® Variable duty cycle

® TTL output compatibility
® Temperature stability of 0.005%/°C

® 100% reliability assurance testing in compliance wi

MIL-STD-883

th

I
i
i
!
1
i

FUNCTIONAL DESCRIPTION

The AmSS5 is a highly stable timing device used to provide °

accurate time delays or to build precision oscillators. When
the device is used as a monostable, the time is precisely con-
trolled using one external.resistor and one external capaci-

tor. When the device is used as a precision oscillator, the |

frequency and duty cycle are controlled by two external
resistors and one external capacitor.

For monostable operation, a HIGH-to-LOW transition is

" applied to’ the trigger input. The device is triggered when

the input trigger voltage reaches 1/3 Vcc. :
Once the circuit is triggered, it will remain in the triggered

state until the set time has elapsed, even if it is triggered
again. The output pulse width is equal to 1.1 RaC.

For continuous oscillation, two external resistors are used
such that the external capacitor charges and discharges be-
tween 1/3 Vee and 2/3 Vee. The charge time is given by
"tchage = 0.693 (Ry + Rg)C while the discharge time is
tdischarge = 0.693 RgC.

The device also features a direct reset that overrides- all
other inputs. When the reset is LOW the output is LOW re-
gardless of the other inputs.

SCHEMATIC DIAGRAM

CONTROL
8 = . 5] VOLTAGE

LOGIC SYMBOL

Vec

ana 53003, enaIna

g s
L‘ nY |
r'l

LT ¥¢.’m v
N

£
2
LY
=%

Y 3 S F 00 = = =

=
& &8
27l

i
THRESHOLD O——] COMPARATOR

FLIPFLOP ——O RESET

1k
r

Pin 1= GND

ORDERING INFORMATION

Package Temperature Order

Type Range Number
Mini-DIP 0°C to +70°C NES55V
TO5 ' 0°Cto+70°C NES55T
Dice ¥ 0°C to +70°C AMS555XC
TO5 "~ =55°C to +125°C SE555T

Dice —55°C to +125°C AMS55XM

CONNECTION DIAGRAMS

ouoC: 8 JVec
Triceer [] 2 7 [Jorscuance
ourrut [} 3 ¥[] unesnoLo
ltl&f[; “ s [IVOuTAGE

Note: Pin 1 is marked for orientation.




MA)klMUM RATING (Above which the useful life may be impaired)

119

A

Storage Temperature —65°C to +1 50°C;
Temperature (Ambient) Under Bias 24
Military Grade -55’9 to +125°C!
Commercial Grade 0°C to +70°C
Supply Voltage to Ground Potential +18Vv
Power Dissipation 600mWw-:
Lead Temperature (Soldering, 60 seconds)

+3oo°c

ELECTRICAL CHARACTERISTICS (Ta = 25°C, Ve = +5V to #15V Unless Otherwise Noted)

l

Military Commercial
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Supply Vohage 45 18 45 16 \
Vee =5V, R == 3 5 3 6
A Dy SLOW Il Voo -c:;v, AL~ = (Note 1) 0 12 10 5 -
Threshold Volage 2/3 2/3 XVee
S il Ve = 15V 438 5 5.2 5 =
Voo =5V 1.45 1.67 19 1.67
Trigger Current : 3 05 05 nA
Reset Vohage A N 0.4 0.7 1.0 04 0.7 1.0 v
Reset Current = 0.1 . 0.1 mA
Threshold Current " (Note 3) : 01 | 25 0.1 25 uA
Vee = 15V 9.6 10 104 9.0 10 n
R VR (et Voo =5V 28 333 | 38 26 333 a ¥
ISINK = 10mA 0.1 0.15 0.1 25
f— . Ve = 15V IsiNK = 50mA 0.4 05 0.4 5. &
Dol TISINK = 100mA 20 22 20 25
(Low) - ISINK = 200mA 25 25
IsiNK = BmA 0.1 025
; Vee = S i DA 2% = »
SINK
Vohags Vee = 15V | ISOURCE = —200mA 125 125 - w
(HIGH) V\?C = 15V 'SOURCE =— 100mA 13.0 133 12.75 133 25
cC =5V 3.0 33 2.75 33
Timing Error (Monostable)
Initial Accuracy Rp = 1k to 100k 05 2 2y %
* Drift with Temp. C=0.1uF (Note 2) 30 100 50 ppm/°C
Drift with Sup. Voh. i - 0:05 0.2 0.1 %/Voh
Rise Time of Output 100 100 :
Fall Time of Output % 100 100~ _ g

Notes: 1. Supply current when output HIGH typically TmA less,

2, Teswed at Ve = 5V and Ve = 15V $
3. Determines the maximum value of Rp + Rg. For 15V operstion, the max. total R = 20m..



Minimum Pulse Width -
Required for Triggering

MINIMUM PULSE WIDTH — nsec
o

50 i %S
A=

ol N <

.; | | swe| e
1] o1 02 03 04

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE — XV

Low Output Voltage Versus
Output Sink Current
10
i ]
425/
LN
~85°C
2 10 5
3 o =
> J 5 F+125"c——
L 7
3
AT Vo - 5V-]
o i
1.0 10 100
'SINK - mA
Delay Time Versus
Supply Voltage
1.015
¥ 1010
¥ \
3 1.005 S
AN
[}
@
< 0905
H
'
2 0980 N
0985 L

o 5 10 15 20
SUPPLY VOLTAGE - VOLTS

TYPICAL CHARACTERISTICS

Supply Current Versus High Output Voltage Versus

Supply Voltage Output Source Current
100 20
18 ! ..lss‘]c L
< 80 16 7 T
I g W I ome | T
[ 3 =T |
Z 60 I ‘ i =
z § 1.0 L+125°C =
§ 40 1. 08
§ 20 Fnay 7
0.2 SV< Voo <15V
0 ° R W
5.0 10 15 1.0 10 100
SUPPLY VOLTAGE — VOLTS ISOURCE ~ ™A
Low Output Voltage Versus Low Output Voltage Versus
Output Sink Current Output Sink Current
T - 7 10 — T
. $ ﬂic— | Ve = 18V L #
—C"C__i,l#
£ 10 2
= / 3
s e H
. [ +125°C | 25°C :S
>S 0.1 X S
\\‘[
—s5°C
1
ao-l L .
1.0 10 100
Ising = mA
Propagation Delay Versus
Delay Time Versus Voltage Level of
Temperature Trigger Puise
1.015 I 300 | ‘
3 1010 5 250
=S ! —s8°C
> > AN
< 1.005 < 200 —Fgec } v
3 ~~\\ a8 ¥
£ 1.000 [~ 3 b B~
N —— = j
<0985 § 100
s |  \ +125°C
§ ) o =1 +25°C
=
0.990 = "rc
0
n -50 -26 0 25 S0 75 100 125 o o1 02 03 o4

AMBIENT TEMPERATURE - °C LOWEST VOLTAGE LEVEL OF TRIGGER PULSE - XV
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APPLICATIONS
MONOSTABLE OPERATION

When the timer is operated as a monostable multivibrator,
one external capacitor, C, and one external resistor, Rp,
are used as shown in Figure 1. When the trigger input is re-
duced below 1/3 V¢, the timer internal flip-flop is set.
This releases the short circuit across the external capacitor
and the Q output goes HIGH. The voltage across the ca-
pacitor begins to rise exponentially with the ‘time constant
RAC. When the capacitor voltage reaches 2/3 Vg, the in-
ternal comparator resets the flip-flop and the external
capacitor, C, is rapidly discharged provided the trigger
voltage is returned above 1/3 Vgc. The output is now in
LOW state and a new timing cycle may be initiated. The
time that the output is in the HIGH state is given by 1.1
RaAC or can be taken directly from Figure 2. Both the
charge rate and internal threshold are directly proportional
to the Vgc supply voltage. Thus, the timer output pulse
width is independent of the power supply voltage. If a LOW
is applied to the reset input, the output is forced LOW and
the external capacitor discharged regardiess of the other
inputs.

Vee
RESET —l
-
4 <
8 ‘:u‘
2wy 7 )
cc
TRIGGER bt N DISCHARGE
R— 3V | 6 |
THRESHOLD
3
ouTPUT ——
e

. Fig. 1. Monostable Operation of the Am555

'.'|,m;c '/ /'/
N7
/%;sé\
SN
A/

00
M0 W00 1 0 100 1 10
MSeC  psec mMseC mseC msec sec  sec

TIME DELAY (OUTPUT HIGH)
Fig. 2. - Monostable Pulse Width.
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CAPACITANCE — pF

ASTABLE OPERATION

When the timer is-operated in the astable mode, two ex-
ternal resistors, Ry and Rg, and one external capacitor, C,
are used as shown in Figure 3. With this connection scheme,
the external capacitor, C, charges and discharges between
1/3 Vege and 2/3 V. The charge time (output HIGH) is

tag = 0.693 (Ry + Rg) C

The discharge time (output LOW) is
tg = 0.693 RgC
The total period for one cycle of output HIGH and output
LOW is
T=1tag +tg =0.693 (Ry +2Rg) C
The frequency for this period, T, is
1 1
T ~ 0.693 (Ra + 2Rg) C
The astable free running frequency can also be found from

the graph shown in Figure 4. The duty cycle, time the output
is LOW divided by the period, is given by

f=

D= IB = %
tap+18  Ra +2Rg
Veo
3 <
SPa
4 7
RESET i
273V, 6 <
AmSS5  mRESHOLD 1 Shs
ouTPUT —2 : 13vee |2
THRESHOLD
)

Fig. 3.

100

CAPACITANCE ~ puF

)
01 10 10 100 1k 10k 100k
FREE RUNNING FREQUENCY — Hz

Fig. 4. Astable Free Running Frequency.

Metallization and Pad Layout

Veo

DISCHARGE
THRESHOLD

RESET ‘___] ;‘ CONTROL

VOLTAGE

DIE SIZE: 0.040" X 0.060"
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PHOTOTRANSISTOR
OPTO-ISOLATOR

PRODUCT DESCRIPTION

The MCT26 is a NPN silicon planar phototransistor optically coupled to a gallium arsenide diode. It is mounted in a
six lead plastic DIP.

PACKAGE DIMENSIONS APPLICATIONS
0340 NOM.+] .
smn?ﬂﬁ oo A, = AC line/digital logic isolator
[l vl .
= { 0010 = Digital logic/digital logic isolator
0.30 =001 |
nz:: L siLICONE ml = Telephone/telegraph line receiver |
o A 1 = = Twisted pair line receiver ‘
D‘;{'ECT-O—H‘J L_ ~“°—LO—.-J ]‘
s g ' 5 # = High frequency power supply feedback control
7 ¢ @é 0) = Relay contact monitor
o L[EG) = Power supply monitor
@ @ C829
i ALL DIMENSIONS IN INCHES -
AND ARE TYPICAL EXCEPT
AS NOTED
ABSOLUTE MAXIMUM RATINGS Storage Temperature -55°C to 150°C
o Operating temperature -55°C to 100°C
Lead temperature (Soldering, 10 sec) 260°C
, Input Diode Output Transistor
ForwardDCcurrent.............. 60 mA Power Dissipation at 25°C ambient . . . . 200 mW
Reversecumrent . . . ........ 10 uA Derate linearly from 25°C .. . ..... 2.6 mW/°C
= PeaKforward current Input to outputvoltage. . ... . ....... 1500 volts
(‘l Hs pulse, 300pps). . .. oo i ... . 3.0A Total opackage power dissipation at
Power dissipation at 25°C ambient . ... 200 mW 25°C ambient (LED g)lus detector) . ... 250 mW
Derate linearly from 25°C . . . ... .. 2.6 mW/°C Derate linearly from25°C . ... . ..... 3.3 mw/°C

ELECTRO-OPTICAL CHARACTERISTICS (25°C Free Air Temperature Unless Otherwise Specified)

CHARACTERISTICS MIN. TYP. MAX. UNITS TEST CONDITIONS

Emitter - ]
Forward-voltage V. o 125 1.5 \" lg =20 mA
Reverse current I 5 - 25 10 HA : Vg =3.0V

. Capacitance C, - 50 .- pF v=0

Detector
N - 150 - _ Ve =5 V. Ig¢ = 100 A
BV ceo 30 85 - v lc =1.0mAI. =0
8Veco 7 12 - \ lc=100uA,I.=0
lesn - - 5 100 nA "Veg =5V, 1 =0
Capacitance Collector-emitter CcE -_— 8 - pF vcs =0\
BVcso 30 165 o \" _ le=10puA |
lego (dark) - 1 100 nA Veg=5V.I1=0

Coupled

) DC current transfer ratio CTR 6 14 - % I =10mMA, Ve = 10 V, note 1
Breakdown voltage 1500 2500 e vDC
: 800 b - VAC,RMS @ f = 60 Hz
Resistance emitter-detector R, , 101! 1012 Q Vep = 500 VDC
Vce (SAT) - - 0.2 0.3 v lc =250 pA, I = 20mA
- 0.2 0.5 v lc =16 mA, I =60 mA

Capacitance LED to detectorC,, — 0.5 = pF f=1MHz '
Bandwidth (see figure 5) B, p—s 300 - kHz lc =2mA, note 2

Rise time + fall time (see oper. schematics) Ly 2 . Ms lc =2mA, Vg = 10V, note 3




MCT26

TYPICAL ELECTRO-OPTICAL CHARACTERISTIC CURVES - - 3 128
(25°C Free Air Temperature Unless Otherwise Specified) : -

imo € 100
= ; - M 38 . L o :
= s 2 2 s s 108
3 v l & 3 : . T Vgg * 10 VOLTS /
. _l ¢ r . ,wn\l’. : ‘: -
B e = - % 50 gt r/
s sl & 3 |-} A
o & e -1 g oY g Y L,
: 1y = 20 mA 3 o A
o 25 T T 28 % 1010
5 I = 10 mA g 3 /]
w 1011 -
3 : L1
g o - » 0 R I I
» 0 § 10 15 20 3 N 0 10 20 20 4 50 60 ANSIENT TEMPERATURE () | CBT2
Ve COLLECTOR VOLTAGE — DETECTOR (VOLTS) Iy INPUT CURRENT — LED (mA) C831
Fig. 1 Detector Output Cheracteristics * Fig. 2 Input Current vs. Fig. 3 Dark Current vs.
Outpiut Current Temperature (°C)
4 I 0 =
s 1l -
§ 3 [ ver =tevours Ve = 10 VOLTS MAX. DC VOLTS
3 LED CURRENT-10mA ‘ gl Og N —savomrs 1
- Vg -10 VOLTS %~ 2 2
: A | R sravons once i BT . 3 R e
§ \ % —~ LL:.T 2 10— 3 :
H -t S 3 :
5 3 5 e g ST -J”*
3 . s H - — i
’ - - £ Ry - }-__ X
LI | : | IR -
40 -«0 .-20*:' 'l‘&(:'l:(: 100 L] o "u s " (A 020304 0808 10 Lu s&re I.. w0 ’"Mlz' ke "~
can . cau ca3s S ca3s
Fig. 4 Current Output Fig. 5 Output vs. Frequency Fig. 6 Switching Time vs. Fig. 7 Steady-State
vs. Temperature Collector Current AC Voltage Limit of
ate g . Isolation Dielectric
: For additional characteristic curves, see figures 2, 3,5, 6, 8, 11,12, & 13 on MCT2.
OPERATING SCHEMATICS

Modulation Circuit Used to Obtsin Output vs. Frequency Plot Circuit Used to Obtain Switching Time vs. Collector Current Plot

NOTES

1. The current transfer ratio (IC/IF) is the ratio of the detector collector current to the LED input current with .
VCEat 10 volts.

2. The frequency at which i¢ is 3 dB down from the 1 kHz value.

3. Rise time (t) is the time required for the collector current to increase from 10% of its final value to 90%.
Fall time (t{f) is the time required for the collector current to decrease from 90% of its initial value to 10%.

)
s .



National
Semiconductor

Digital Clocks

MM5309, MM5311, MM5312, MM5313,
MM5314, MM5315 Digital Clocks

General Description

These digital- clocks are monolithic MOS integrated
circuits utilizing P-channel low-threshold, enhancement
mode and ion implanted. depletion mode devices. The
devices provide all the logic required to build several
types of clocks. Two display modes (4 or 6-digits)
facilitate end-product designs of varied sophistication.
The circuits interface to LED and gas discharge displays
with minimal additional components, and require only
a single power supply. The timekeeping function
operates from either a 50 or 60 Hz input, and the dis-

play format may be either 12 hours (with leading-zero

blanking) or 24_hours. Outputs consist of multiplexed
display drives (BCD and 7-segment) and digit enables.
The devices operate over a power supply range of 11V
to 19V and do not require a regulated supply. These
clocks are packaged in dual-in-line packages.

Features
= 50 or 60 Hz operation

Leading-zero blanking (12-hour format)

= 7.segment outputs

Single power supply

Fast and slow set controls
.

® [nternal multiplex oscillator

' u For features of individual clocks, see Table |

Applications
® Desk clocks
= Automobile clocks

®  |ndustrial clocks

= 12 o_r'24-hour display format

*m Interval Timers

B

Order Number MM5309M

See Package 23

TABLEL
FEATURES MM5309 MMS{"I MM5312 MM5313 MM5314 MM5315
BCD Outputs » 2 X X X X
' 4/6-Digit Display Mode™ | X X X X X
.Hold Count Control X X X x
.1 Hz Output X ¥
Output Enable Control X X X
Reset . | X X
* . . od
- Connection Diagrams (pual-in-Line Packages)
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Order Number MM5311N
See Package 23
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Absolute Maximum Ratings

‘Joltage at Any Pin
Oprrating Temperature

" Storage Temperature
Lead Temperature (Soldering, 10 seconds)

Vgs + 0.3 to Vgg — 20V
-25°C 10 +70°C

—65'C 10 +150°C
300°C
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Electrical Characteristics Ta within operating range, Vgs = 11V to 19V, Vpp = 0V, unless otherwise specifics

PARAMETER CONDITIONS MIN TYP MAX : ‘ UNITS i

Power Supply Voltage Vss (Vpp = 0V) " 19 oy ¥
Power Supply Current Vgs = 14V, (No Output Loads) 10 - mA
50/60 Hz Input Frequency dc 50 or 60 60k ,.‘ Hz
50/60 Hz Input Voltage

Logical High Level Vgs—1 Vss Vss iy N

Logical Low Level VDD VDD Vgs—10 K \%
Multiplex Frequency Determined by External R & C 0.100 1.0 60 kHz
All Logic Inputs Driven by External Timebase dc 60 ‘o kHZ

Logical High Level Internal Depletion Device to Vgg Vgs—1 Vss Vss e

Logical Low Level VDD VDD Vgs—10 3 \"
BCD and 7-Segment Outputs

Logical High Level Loaded 2 k2 to VpD 2.0 20 mA source

Logical Low Level - 0.01 mA source
Digital Enable Outputs - ’

Logical High Level 0.3 mA source

Logical Low Level Loaded 100 2 to Vgs 5.0 25 mA sink

Diagrams (Cont'd) Dual-In-Line Packages (Top Views)

Connection
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Order Number MM5312N

See Package 22
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Order Number MIM5314N
See Package 22
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See Package 23
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Functional Description

A block diagram of the MM5309 digital clock is shown
n Figure 1. MM5311, MM5312, MM5313, MM5314
nd MM5315 clocks are bonding options of MM5309
clock., Table | shows the pin-outs for these clocks.

50 or 60 Hz Input: This input is applied to a Schmitt '

Trigger shaping circuit which provides approximately
5V of hysteresis and allows using a filtered sinewave
nput. A simple RC filter such as shown in Figure 10
should be used to remove possible line voltage transients
that could either cause the clock to gain time or damage
the device. The shaper output drives a counter chain
which performs the timekeeping function.

50 or 60 Hz Select Input: This input programs the
prescale counter to divide by either 50 or 60 to obtain a
| Hz timebase. The counter is programmed for 60 Hz
operation by connecting this input to Vpp. An internal
depletion device is common to this pin; simply leaving
this input unconnected programs the clock for 50 Hz
speration. As shown in Figure 1, the prescale counter
orovides both 1 Hz and 10 Hz signals, which can be
wrought out as bonding options.

Time Setting Inputs: Both fast and slow setting inputs,'
., well as a hold input, are ‘provided. Internal depletion
Jevices provide the normal timekeeping function.
switching any of these inputs fone at a time) to Vpp

* results in the desired time setting function.

The three gates in the counter chain (Figure 1) are
ssed for setting time. During normal operation, gate A
connects the shaper output to a prescale counter (+50
or +60); gates B and C cascade the remaining counters.
Gate A is used to inhibit the input to the counters for
me duration of slow, fast or hold time-setting input
«tivity. Gate B is used to connect the -shaper output
airectly to a seconds counter (+60J, the condition for
Jow advance. Likewise, gate C connects the shaper
cutput directly to a minutes counter (+60) for fast
sdvance.

fast set then, advances hours information at one hour
cer second and slow set advances minutes information
it one minute per second.

12 or 24-Hour Select Input: This input is used to pro-
-am the hours counter to divide by either 12 or 24,
-wereby providing the desired display format. The
12-hour display format is selected by connecting this
put to VpD: leaving the input unconnected (internal
sepletion device) selects the 24-hour format.

Output Multiplexer Operation: The seconds, minutes,
13 hours counters continuously reflect the time of day.
Dutputs from each counter (indicative of both units
s~d tens of seconds, minutes, and hours) are time-
-wision multiplexed to provide digit-sequential access
.5 the time data. Thus, instead of requiring 42 leads to
sterconnect a 6-digit clock and its display (7 segments
-er digit), only 13 output leads are required. The multi-
~iexer is addressed by a multiplex divider decoder,
«nich is driven by a multiplex oscillator. The oscillator
;~d external timing components set the frequency of

: multiplexing function and, as controlled by the 4 or

6-digit select input, the divider determines whether data
will be output for 4 or 6 digits. A zero-blanking circuit
suppresses the zero that would otherwise sometimes
appear in the tens-of-hours display; blanking is effective
only in the 12-hour format. The multiplexer addresses
also become the display digit-enable outputs. The multi-
plexer outputs are applied to a decoder which is used
to address a programmable (code converting) R_Q_Nl.
This ROM generates the final output codes, i.e., BCD
and 7-segment. The sequential output order is from
digit 6 (unit seconds) through digit 1 (tens of hours).

Multiplex Timing Input: The multiplex oscillator is
shown in Figure 2. Adding an external resistor and
capacitor to this circuit via the muluplex timing input
(as shown in Figure 4a) produces a relaxation oscillator.
The waveform at this input is a quasi-sawtooth that is
squared by the shaping action of the Schmitt Trigger in
Figure 2. Figure 3 provides guidelines for selecting the
external components relative to desired multiplex
frequency.

Figure 4 also illustrates two methods of synchronizing
the multiplex oscillator to an external timebase. The

_external RC timing components may be omitted and

this input may be driven by an external timebase; the
required logic levels are the same as 50 or 60 Hz input.

Reset: Applying VDD to this input resets the counters
to 0:00:00.00 in 12-hour format and 00:00:00.00 in
24-hour formats leaving the input unconnected (internal
depletion pull-up) selects normal operation. Proper
reset will be ensured when Vpp to Vss slew rate is
no faster than one volt per microsecond. This can
be accomplished with a capacitor from the reset input
to Vss.

4 or 6-Digit Select Input: Like the other control inputs,
this input is provided with an internal depletion pull-up
device. With no input connection the clock outputs data
for a 4-digit display. Applying Vpp to this input pro-
vides a 6-digit display.

Output Enable Input: With this pin unconnected the
BCD and 7-segment outputs are enabled (via an internal
depletion pull-up). Switching Vpp to this input inhibits
these outputs. (Not applicable to MM5312, MM5313,
and MM5315 clocks.)

Output Circuits: Figure 5a illustrates the circuit uscd
for the BCD and 7-segment outputs. Figure 5b shows
the digit enable output circuit. Figure 6 illustrates
interfacing these outputs to standard and low power
TTL. Figures 7 and 8 illustiate methods of interfacing
these outputs to common anode and common cathode
LED displays, respectively. A method of interfacing
these clocks to gas discharge display tubes is shown in
Figure 9. When driving gas discharge displays which
enclose more than one digit in a common gas envelope,
it is necessary to inhibit the segment drive voltage(s)
during inter-digit transitions. Figure 9 also illustrates a
method of generating a voltage for application to the
output enable input to accomplish the required inter-
digit blanking.
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Functional Description (conta)

——P 10 Hz

50.60 He
seLect O
HOLD O
} — 0y =
] - : i
S0/60 Hz o] SHAPING 4 GATE ] & ; ~
eyt © CIRCUIT A 1] *80R+8 9, —> 1 H !
f 4 L 4 A i
ST G 1 PRESCALE COUNTER ]
FAST SET Qe 2
RESET O— ]
y y ; 4 ; 1
SECONDS MINUTES HOURS
SATE COUNTER SaTE COUNTER COUNTER ——0 122 b
(- 60) (- 80) (12 0R 24) ELECT
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o AS REQ'D {/
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I . SECONDS, MINUTES, & HOURS MULTIPLEXER I
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5 f O enasLe J
MULTIPLEXED |
| PROGAAM: e BTD ourputs i
DECODER M
B DIGIT o | 7-SEGMENT 1
SELECT K ouTPUTS !
MULTIPLEX MULTIPLEX N {
MULTIPLEX DIGITENABLE |
TIMING (H DIVIDER/
oUTPUT 0SCILLATOR [~ DECODER ouTPUTS
FIGURE 1. MM5309 Digital Clock Block Disgram
s |
Voo ll
|
f
I 50/60 PPS 2 g |
OUTPUT OR ’
50/60 Hz MULTIPLEX
INPUT OR OSCILLATOR i
MULTIPLEX —g ouTPUT : |
TIMING [ [—
COMPONENTS » 18V 3
z Y1av |
z W f
5 Srdl f
Sk =g R !
=
— ' E N
| ! & |
| FET W ‘
= }
l H Vss AS SHOWN |
I s Vpp = OV !
R =220k 7
: o L2 [N |
1 HIGH Vyy» 0.0001 0.001 (X1} 01
| | € - CAPACITANCE (uF) WITH R = 220k
| Vss : }
L4, _ s FIGURE 3. Multiplex Timing C Selection G,/
|}_..__.—o< R R p—— |
b ~N /
r ! |
| Dotted components added to shaping f
Vss circuit to form multiplex oscillator
*Effectively

FIGURE 2.50/60 Hz Shaping Circuit/Multiplex Oscillator



functional Description (cont')

Vss
b
K
—
MUX TIMI
UX TIMING —
S,
5

6

Voo

FIGURE 4a. Relaxation Oscillator

Vss
o
v3is
)
c1 -
EXTERNAL Iu SHCTILEN D MULTIPLEX
TIME TIMING INPUT MMS309 . —U_ CLOCK TG IPUT M5 309
BASE SIGNAL 108
(INPUT OR OUTPUT)
Voo
Voo
FIGURE 4b. External Time Base R FIGURE 4c. External Clock
Note. Free running frequency should be set to run slightly lower than system frequency
over temperature. Exiernal time base may be input or output.
* R=100k. |4 4
FIGURE 4. Synchronizing or Triggering Multiplex Oscillators
Vss vss
a __.!
Vs Vss DIGIT ENABLE
oUTPUT
Q 100
Voo sio
7.SEGMENT BCD OR 1ppg
QUTPUT
(OPEN DRAIN)
600
Voo Voo
FIGURE 5a FIGURE 5b

FIGURE 5. Output Circuits
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Functional Description (cont'a)

MOS to Low Power TTL Interface

Vss
ANY TTL GATE
Vee® SV
8
i)
— -
MM5309 -
o e
SR
<
Voo

For Vgs =5,Vpp =12, R = 10k
For Vgg =10t0 17V, Vpp = Gnd, R = 3k

129

MOS to TTL Interface

Vs * sV
ANY GATES
Vss = 8V
$10
M5 308 =
VoSV
0
<
>
s" =
o
Vop * -12V

For Vgs =5, Vpp = —12, R = 7.5k
Note. Digit select will drive TTL directly when
5, —12 supplies are used.

FIGURE 6. Interfacing TTL

v o
ss

2
B Vss * 2n4403
1 ':III:::AI; OR EQUIV. (X4 OR X6)
enaste| LI
ouTPuT = =
MMS300 * TYPICAL LED
) SEGMENTS
(COMMON-ANDDE)
SUCH AS
R (X7 NSNTIL, OR
EQUIV.
TYPICAL N *INi04
SEGMENT yvv OR EQUIV. (X7)
ouTRUT| __ M )
Voo 4
s_() :: N
<
¥ - -

DO

Vss —Vpp VF 06V .

o e n~ x = e

. ‘ e “ Nllg)
Where R_as in kQ2
And VF = forward drop of LED
0.6V =~ voltage drop of transistors
N = number of digits in display
IF = required average LED current

MA5308

Vss . .
INISOA
TYPICAL
SEGMENT OR EQUIV. (X7)
outeur | L
Ve - 156
: 1
R xn 17 TYPCAL Lip
SECMENTS
/ (COMMON-CATHO: !
SUCH AS NSKMR
OR EQUIV.
e
TYPICAL
oIGN &
ENABLE OR EQUIV. (X4 OR X5)
OUTPUT
Voo

'Vss Vpp!/2 VE 1.5V
Ry =

N(lg)

Where R is in k2

And Vg = forward drop of LED
0.9V = voltage drop of transistors
N = number of digits in display

Ig = required average LED current

*Transistors may be replaced by DM75491, DM75492,
DMB8861, DMBB63 or equivalent segment/digit drivers.

FIGURE 7. Interfacing Common Anode LED Displays

FIGURE 8. Interfacing Common Cathode LED Displays
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+ Displays
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- B H o, . -
multidigit LED numeric series -~
- - / 5 -
general description o * ... applications :
Multidigit GaAsP LED reflective displays from National ® Test and measurement eqmpment
Semiconductor, represent the latest in design advances 8 Consumer products
in 0.3”, 0.5 and 0.7'* formats. The series provides the 8\ Insthimentation
designer with an effective, easy to implement answer to 2\ Fridustral i
the need for an inexpensive large numeric display. CREIRR conteals
'. ® Digital instruments
Basically 2-digit and 4-digit displays, the units ardend " Desk top calculator
stackable for applications requiring additional digits. ® Clocks
When combined-with the options for overflow, polarity ® Elevator floor indicator
and other indications, virtually all display requirements ® TV channel indicator

can be satisfied. Versatility is offered the designer with
direct drive and multiplex versions in both the common  * absolute ratings

““ON-OF F" contrast and segment uniforrmity.

electrical and optical characteristics Ta=25°C

29

20 mA max
75 mA max
3.0V max

—20°C to +70°C

. anode and common cathode forms. Electrical contact Average Current/Segment”
Isby PCB type terminals on the edges of the display. ) Peak Current/Segment
¥ i Reverse Voltage/Segment
The optical design of this display series, creates a distinct - . Operating and Storage Temperature
easy-to-read display with a wide viewing angle, excellent Relative Humidity at 35°C

; Terminal Temperature (Soldering, 5 seconds)

98%
230°C

PARAMETER CONDITIONS MIN TYP MAX UNITS
Segment Light Intensity (Peak) 1.2 10 mA/Seg. Peak 0.10 0.20 med
Digit and D.P. Light Intensity (Pedk) " 10 mA/Seq. Peak 0.80 16 med
Segment Forward Voltage g 10 mA/Seg. Peak » 1.7 20 v
‘Segment Reverse Voltage 100uA/Seg. 30 8.0 $. 2
Peak Wavelength - 660 nm
Spectral Width, Half-Intensity S 4 ' am
Viewing Angle, Off Axis ' ' i © 60 degrees
Intensity Matching 10 mA/Seg. Avg. $33 %



recommended display processing

The multidigit series display is constructed on a standard
printed circuit board substrate and covered with a
plastic lens. The edge connector tab will stand a temper-
ature of 230°C for 5 seconds. The display lens area must
not be elevated in temperature above 70°C. To do so

" will result in permanent damage to the display. Since the

display is not hermetic, immersion of the entire package
during flux and clean operations may cause condensa-
tion of flux or cleaner on the underside of the lens. Itis

available display formjats (Dual Digits)

£ L Sy

recommended that only the edge connectors be immerseq,
Only rosin core solder, solid core solder, and low activity
organic fluxes are recommended. Cleaning solvents are
Freon TF, Isopropanol, Methanol, or Ethanol. These
solvents are recommended only at room temperature
.and for short time periods. The use of other solvents or
elevated temperature use of the recommended solvents
may cause permanent damage to the lens or display.

_DEVICES CURRENTLY

-~ FORMAT cooe oRive cooe - AVAILABLE

-, s B / E’ K O i - S O NSN334  +/H
- i Ll : gk s NSN381  AA
& ; > = SR © g v NSN382 B8
St 7 o e Nl NSN373  HH

. E e : E E, ‘ q e : NSN374  BH
4k 2 R » NSN534 +H

: iz - NSN581 8B

EI"QE EE 62 ' ","‘% g C NsN582 HA
o T : ) NSNS83  BA
NSNS84  HA

bR . : & ...‘?:'T:::; -_ . NSN734 +H
o i L AL N NSN781 gg
A NSN782 .
NSNX -~ XoT.-X | == o

NSN784 88

physical dimensions . . o g

—.—|n¢-—
3]
R
PPN |

|

o ie e D as shown, pin out follows counterclockwise - .- - -~ -
. z
b Sy DIMENSIONS n
DIGIT
F G H |
SIZE A B c D E
03 085 | 08 | 0.175 | 0.3 04 | 5° 05 0.225 | 0.188
05 105 | 10 | 0.175 | 05 05 10°107 0.28 03
. 0.7 125 | 1.2 | 0.180 | 0.7 0.6 10° | 089 | 03 0.38
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avaiiabie display formats (Quad Digits) S Lk Bnl et
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nzZE CODE DI0IT CODE _ FORMAT DIGIT COOE . ©ooE | DRIVE
via 20 Ber@ )
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CATHODE -

MULYIPLEXED

i 10 mA COMMON
Y f— '-"E uLneLexeo
R » ’
3 P -7 o ;
; e % = ; pis .‘1. ' . X :
i + | DEVICES CURRENTLY o "
i 7/ ~ AVAILABLE e .
. j NSB3382 #98H i
VA NsB3gs1 BAEA A Pl
§ S| . nsB3ss2 5888 S e 5 Ty
; | wses3s2 +IBEA hee B
./ x| nsesss1 BEAA o
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Rt -, |_Nse7882 8665
12 2 £ " - L

| - —

Lo R g
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*Pin 1 as shown, pin out fotlows counterclockwlise

DIMENSIONS
. t[oeim
. | size A B c D E F aQ H |
! 0.3 0831569 [0165| 03 |04 |5 [0S 0.225 0,188
\;' 08 1.0 |199 |0180| 05 |05 | 10° |07 0.28 0.3
% 0.7 1.15(239 | 0180 | 07 {06 |10° |o89 |03 0.38
oy 5 [ 1



connection tables (Continued) (Quad Digits)

PIN

NUMBLR NSB3382 NSB3881 NSB3882
) NC NC NC
2 Cathode E | Anode E Cathode E
3 Common Anode Common Cathode Common Anode
Digit 1 Digit 1 Digit 1
4 Cathode J NC NC N
‘Digit 1 g,
(®). Cathode H NC Ne w
Digit 1 :
§ . Common Anode Common Cathode Common Anode
o :
Digit 2 Digit 2 Digit 2
Cathode D Anode D Cathode D
8’ dathode G Anode G Cathode G
(9 NC NC NC
10 Common Anode C 1 Cathod: C Anode
e Digit 3 Digit 3 Digit 3
I Cathode B . Anode B Cathode B
12, Cathode A Anode A .. Cathode A
13 Cathode F Anode F Cathode F
. Common Anode C Cathod: . -G Anode
Digit 4 Digit 4 _Digit4
15 Cathode D.P. Anode D.P. Cathode D.P.
BT Cathode C Anode C “Cathode ¢
A

segment identification
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