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.Ql B33 » ArORMEX 1, AR|ZONA F

2AN3IBVO3
2N3904
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-
.
HPN SILICCH ANNULAR® TRANSISTORS .
- NPN SILICON "k
¢ SWITCHING & AMPLIFIER “u
. TRANSISTORS z
. designed for general purpose switching « 2
and amplifier applications and far com- AUGUST 1963 — 03 3127 [
piementary circuitry with types 2N390% Rugged, one-piece, 3;
and 2N3906. s “D” shape high temperature, = é <
« psckage livs pressure-maiced, 2, &
. o fator eesy humidity esmant, S&Z
printed cireuit Stic package. =
* One-Piece, Injection-Molded Unibloc! Package for : mounting. plastis pe §=
High Retiability g
.
¢ High Volitage Ratings — BV = 40 Volts minimum Y g
* Current Gain Specitied fram 100 LA to 100 mA ) =
* Complete Switching and Amplifier Specifications : e 19122 inch,
¢ Low Cepacitonce — C ., = 4.0 pf maximum ., configuration o id-plared

9 oasily sdapradie nickei, ovs! {eads
A to standsrg permit
> TO-18 pin roliabte sotder
* orcle. connections,
.
Prasrsiing RATIHIICS .
| el .. - ]
! Chacactaristic Symbol Rating Unit |} ©
- .
Collector-Base Voltage VCB (4] vdec k
- .
Collector- Emitter Voltage Veeo 4 Vdc . !
. Qin
Emitttar-Basa Voltage Ven 6 Yac . §11
Collector Current ic 200 mAdc .
Towal Device Dissipation § T, « 60°C Py 210 =W . Lesth 10 0t My I
. 0 Qa1§ 1932
Total Davice Disstzation § Ta- 23% Po 310 W o soiy
Oerateabove 25°C .81 ow/°C | —
Thermal Reslatance, Jusction to Ambient LITN 0.357 Pc/mw :
; o _J 004y
Junction Opesating Temperature Ty 135 (o ¢ 0%
o . 004y
Storage Temperature Range Targ -53 t0 <138 (4 . 403
- . a0
. Fam gont
. A §
- . .
. [} 0043
. 0 5ok
g Ton
"Ancuisr semicorducion patented by Motorels Lac. r
YYrecemorh of Motoreta Ing. .

ROVOROLA Semiconductor Products Inc. @ A A T
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STATIC CHARACTERISTICS

£i27E 15 T RAALL LR RUARENT CAIN

20 T
i T
1, o128
=
a
z
3
a
13
i
0!
ul Y W B AL T 0 50 10 10 © » [
g (O.LECIOR CURRERT imAs
Sig®e o CRPEL LR TATURATIGN REGION
= - -
T F o= L R5%1
S o . { l Ty
2 o & i e ! ‘
¢ - Lma R e L = om =X !
3 dE b e - r .
= )
§ o P : P’* '!:“-‘ AT “L \—-‘!“ -
13 : | ) R e S ! REs
a ! 1 l RIS
a : !
s ! =g ! =
S YA £ ; an SEME
o
g N ; g
b e ~ —
; D S G A —r— !
, | L | i | ‘
o x 0 @ o0 o 02 0} os o) 19 22 18 80 18 w0
15 85 CLRRLNT
- [FATH ) FICURE 18 TEMPERRIURE CCOIF.CIENTY
17 . 19
7 mr ; TTT11d T
1= 3% p- s 2 I ARREEE
sl
18 [ =TT 0:31;0 si2s°c 4
- BERE
S el S !
2 o o TR e T
g " 3 ma S SR
3 o - g‘“ {!TN -
g ol 2 =8
? ) g —33°€13 + 28°C
o4 I ,A -le - e e
Vbt Dcily = 104 = s S8 SF T PRI J W 1B
ol A
02 1 : ~shlls
BRI o H %‘ 190 Vg1
i 1 i oLt LT ]
1 20 ] P L] D 20 @ & $0 10 (0 10 W K
\/CQUECTONCURNENT iy e COLLECTOR CLRALAY tn)

147



anaRuan () 148

56y@ﬂ101ﬂﬂ1ﬂﬂﬁﬂﬁﬁuwﬂtﬂai tuss 2N5070

RF POWER TRANSISTOR  2N5070

@ Si n-p-n “everlay” epitaxial planar type used in high-
power class A or BB oservice inoa 2-t0-30-MHz single-

G 3 sideband  power amplifier operating from a  28-volt
P c power supply. JEDEC TO-680, Outline No.23. Sce Mount-

ing Hardware for destred mounting arrangement,

Collector-to-Fmitter Voltage.
Vi ~1.5V 65 v
Rus . 40 \'
Fnties - L Voltge 4 \Y
Collector Cunrent 3.1 ‘A
Peak Collector Cu 10 A

Feoup to L E LA T T 70 w

I above 25°C L - e OO I kS Sce curve page 30U
Temperature Range: '

Operating (

opry —65 to 200~ °C
Storage ... N s G T

4 il —65 to 200 °C
fLead-Solder 0sm 230 °C
CHARACTE temperatur
Fanitter-to-Base - -

o 0) . 0BG 4 min v
Collector-to
Vi 1 65 min v
Ruu i ER ] 40 min A%
Collector-Culo
Vo 30 5 max mA
Vew o0 & I 10 max mA
Ourtpn ) Zoho 85 max pk
Then c 2.5 max °C/W
TYPI
Collector Su i . 5 28 v
Collector B . T S ».. 20 mA
RF Power
AVErage ... 12.5 min w
Peak B 25 min W
Intermodulatio 30 max dB
Collector EMciency e il i 40 min %
PUT CHA £ S
ci+28
Hz, 3 Hz
T{I¢c ma
N RUP TO 75°C

<l
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 HEX INVERTER

SPEED/PACKAGE AVAILABILITY  PIN CONFIGURATION

54 F.W 74 AF
54H FW 7T4H AF 74,74H, 54/74L.8 548 54,544
5:LS F.W 74LS AF AF.W PACKAGE W PACKAGE
54S FW 74S  AF
' ' 1A el P gV J
= S (o1
- ). S . =i . )
24T ? l—] {] ] -]
d - v ‘———‘—'_ 0Ly A ?
o8 [—E
g gt o LY
| \V/ vee (4 EGND
£ TR, B W
[_-._‘ o
Yy 6;1“34’ o T 8
I 4 b4 y "]
a i .. j av N
>3
Positive 1ogic Y-;
SWITCHING CHARACTERISTICS vge- 5V. Ta - 25°C
54/74 54/74H 54/74LS 54/74S
Cy- 15pF Cy -25pF CL-15pF Cy - 15pF
TEST CONDITIONS Ry - 4000 Ry 2809 R -2kQ =
L L L RL -280Q
{ PARAMETER MIN | TYP [ MAX MIN | TYP. I’ MAX MIN | TYP MAX MIN | TYP | MAX UNIT .
Propagation delay time
tPLH  Low-to-high 12 22 6 10 5 15 2 3 4.5 ns
C_=50pF
4.5
tpHL  High-to-low 8 15 6.5 10 9 15 2 3 5 ns
. Cy - 50pF
L | | 5 |

L08C Crcuit anc typica wavelorms are shown at the lront of section ‘
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UAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP -

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION

64 FW 74 AF

54H F.W 744 AF AF, PACKAGE

54L.S F.W 74LS AF

548 FW 745 AF C,E‘AFE E Vee
1D T el 2

DESCRIPTION O ] ciian

+nese monolithic dual edge-triggered D-type flip-tiops teature individual D, clock, preset, c_(;c,_ [: :a 20

anad clear inputs. . , E :] 5

preset and clear inputs are active-low and operate independently of the clock input. When PRESET cLOCK

preset and clear are inactive (high), intformalion at the D input is transferred to the Q output o C E] 2

on the positive-going edge of the clogk pulse. Ciock triggering octurs at a voltage level of PRESET

the clock puise and is pol directly related to the transition timg ot (hel positive-going puise. o [: D 20

when the clock input is at either the hightor low level, the D-inputisignal has no etfect at

the output. - C_.4‘.[_‘_.: '3 28

FUNCTIONAL BLOCK DIAGRAM (Each Flip-Flop)

PHESET

W PACKAGE

CLban -
s1E3
1 iCK F W iPR
10| 2 1nla
LLuee
3 1ICLAR| 3 E],a-
Veo |+ NiGND
[}
Y 2CLR S w|2@
2D | 6 920

20k [+ Bzvn

TRUTH TABLE (Each Flip-Flop)

Inputs Outputs
Presst | Clear Clock D | Q@ | Q@
L H X X| H L
H L X X| L H
L L X X | H| H*
H H t HiH L
H H t L|L ]H
H H L X | Qo | Qo

H = Mg level (stbady slalg) L« iaw level (steady state)
* Thisicongihion 1S nonstable. (t wilinot remain after cloar and
preset feturn 10 ther mactive (hgn) state .
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SWITCHING CHARACTERISTICS vgg- 5V. Ta = 25°C

54/74 54/74H 54/74LS 54/74S
Cy - 15pF Cr 25pF Cy 15pF Cy - 15pF
TEST CONDITIONS RL‘ 4002 Ry 2809 A - 2k R - 2801
FROM TO ' .

PARAMETER INPUT | OUTPUT /' MIN | TYP | MAX MIN [ TYP [MAX |MIN | TYP | MAX |MIN TYP |MAX |UNIT
fciock  Clock frequency 150 1125 35 |43 25 133 75 |90 MHz
tw(Clock) Width of clock 25

input pulse

Clock high 30 15 6 ns

Clock low 37 13.5 7.3
twiClear Widih of clear 30 25 25 7 ns

input pulse
tw({Preset) Width of 30 25 25 7 ns

preset input

pulse A
tSetyp  Input setup time 200 108 34 ns

High level 101 25

Low level 15t 20
tHold input hold time 5uin]ed 5t 5 2} ns
Propagation delay time
PLH Low-to-high Clear, 25 20 8 125 S 6 ns

Preset CLK:1
8 13.5
CLK-0

1PHL High-10-low 40 30 16 |40 5 |8
tPHL Low-to-high Clock 10 14 |25 4 85115 8 |25 7 9 ns
PHL High-to-tow 10 |20 |40 13 {20 16 |40 7 |9

Loas crcuit and typical wavetorms are shown al the tront of section
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SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 54L.S/74LS PIN CONFIGURATION
54 FW 74 AF ot
54LS F.W 74LS AF RS D o 54/74
" s o a, AF,W PACKAGE
DESCRIPTION U y
This monolithic counter contains four mas- ed. 7 )= .3
ter-stave flip-fliops and additional gating to : .__![,”'_‘ ¢ D h
provide a divide-by-two counter and a e e Q BEL
three-stage binary counter tor which the Wt g _[:J :]_ .
count cycle length is d'vide-by-five. ¥ ! N
The 54/74LS90 also has a gated zero reset o0 T (1=°
and gated set-to-nine inputs for use in BCD N ¢ ()5 §
nine's complement applications. | . r [: 3
Yo use its maximum count length of this R ; — _J
counter, the B input is connected tothe Ga ‘ - S
output. The input count pulses are applied |
to input A and the outputs are as described | ! _JJ
in the function table. A symmetrical divide- - (-
by-ten count can be obtained by connecting ) . L3
the Qp output to the A input and applying —— 1
the input count to the B input which gives a - B 54LS/74LS
divide-by-ten square wave at output Qa, P2 o AF,W PACKAGE
Ny
INPUT BE E]wvur A
R r3
PARAMETER MEASUREMENT INFORMATION o2 EL
" "m:-,E EQA
ne[3] Moo
S e - “vee[s] EGND
AgsET T ﬁv,.. \See Nate )
R e e & b Rorn 8] 5o,
i [ Sy - -y e s e gy R
e | N JA; T [#]oc
(Sew Nute Al —— V< oV :
' - laatup -2 B L .
; i | ]
S VI ACYVAWE I
— e WL = e lpHggMenur IR 'r-——-lvm Mearure ot tne2

PLEPoSY

. A — —— -VOH
Vool Vet A Vet
. ! Vou

oUTPUT Og
ANl B
CLULK BINPUT o tppyy s tPHL - e PLM Meawre st 1,2 be o tpyqy ‘.“‘":':"'
QUTPUT Qg ' - ld— —Von
(See Note B AVt - Ve Viet N-,:.
: & . Vou

[ =lon Memure
ot

e lppy W PHL T PUH Meaure a1 Tned
ouTeuT a¢ - Y& — —VoH
{See Nate B) . .\v.,,_ AVt J\Z \,:v

. . l VoL

L : L =i e
1P M e 1 TP e 19) M Measure 3t Lo 6! e R

O Von
OUTPUT Qp —VoL

VOLTAGE WAVEFORMS

A fach reset nput 1S 1ested sepéra!e'y with the other reset at 4 S5 V.
B FReterence wavetotms are shown with dashed knes.

C Vg =13V » |
Load circuit 1s shown al front of section {tor tolem pole outputs). i
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GWITCHING CHARACTERISTICS v - 5V. Ta - 25°C

] 54/74 54/74L.8
) Cy - 15pF " C-15pF
-TEST CONDITIONS : Ry 4004 R 2k
s e
! FROM T0
FARAMETER INPUT | OUTPUT [MIN |TYP MAX |MIN | TYPAMAX JUNIT
i*/ .
‘lchm Count frequency 10 18 MiHz
| A Qp 32 | 42
“ B Qg 16
t‘n(ClOCk) width ot 50 ns
‘ clock pulse A Q 15
| B Q 30
I Reset Q 15
! h
twiReset) Width of : 50 25 ns’ "
i reset pulse
H
iiPropagalion delay time
piy  Low-to-high Input Qac 60 | 100 ns
hppL  High-to-low (;‘::’S"; 60 | 100
\‘PLH Low-to-high A QA 10 16
lpyL  High-to-low 12 | 18
%QPLH Low-to-high A Qp 32 | 48
lpy, ~ High-to-tow 34 | 50
tPLH Low-to-high a8 Qg 10 16
HPHL High-to-low 14 21
tpL H Low-to-high B8 Q¢ 21 32
tPHL High-to-low 23 35
pLH Low-to-high 8 Qp 21 32
tPHL High-to-low 23 35
{PHL High-to-low Sel-t0-0 Any 26 40
tPLH Low-to-high Set=10-9 Q.00 20 30
tPHL High-to-low Set-to-9] Qg.Qc 26 | 40
Load Crrcurt ang typical wavelorms shown at tront Q! section .
BCD COUNT SEQUENCE BI-QUINARY (5-2) ‘
{Soe Note A) (See Note B) RESET/COUNT FUNCTION TABLE
COUNT OUTPUT COUNT ' OUTPUT RESET INPUTS OuUTPUT
Qp0g 9% %% 0,. 9y 9 % Rocyy Roy Pory Poan | % % % %
o L L L L 0 L L L L H | H3L X L L L L
1 L L L H 1 L:] L L H Hi He X L t L ot t
2 L L H L 2 L L H L X" X% H H H L L H
3 L L H H 3 L L H H X L x v COUNT
4 L H L L 4 L H L L L X L X COUNT
S L H L H 5 H L L L Lt X X b COUNT
6 L H H L 6 Hf 9 - gr X Ly X COUNT
7 L H H H 7 H L H L ol |
8 H L L L 8 H' L H H y g
A. Output O, 1s connected 10 input B tor BCD count.
9 H L L H 9 H H L L B. Output OSsconnecwo to I:pul A for br-guinary count,

C Output Q4 15 connected 10 input B.
D. H ~ high level. L = low level. X - melevant
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SPEED/PACKAGE AVAILABILITY

54 FW 74

AF

THRESHOLD VOLTAGE vcc - Min

PARAMETER INPUT | MIN | TYP |MAX | UNIT

V1 + Positive Going Threshold A 1.4 2 Vv
B 155 | 2 F

V1. Negative Going Threshold A 0.8 [14 v
B 0.8 1135 v

154

PIN CONFIGURATION
AF,W PACKAGE
A=k
5[] [
*.[H :]-'-l
(] JIRIsE i
-] ! e l
=+ -
- -

' SWITCHING CHARACTERISTICS vge - 5V, T4 = 25°C

54/74
CL-15pF
TEST CONDITIONS Cy1-80pF
FROM T0
PARAMETER INPUT ouTPUT MIN. L'TYP | MAX | UNIT
tw(in) 50 ns
twiout) A1~ Open pin 9
to Ve
70 b110 k150 | ns
Cy=0
20 |30} 50
Crt=100pF
Ry=10k{}
Pin 8 open
600 | 700 | s00
Cy=iuF
6 ' 7 l 8 ns
tHoid Input hoid time Ry=Open pin 8
toVge
30 50 ns
dv/dt  Input slope B 1 Vi/s
AqA2 1 Vius
Rgxt  Externaltiming (54)
registance 1.4 30 k2
(74)
14 40
Cext  External timing 0 1000 pf
Duty cycle (%) RT=-2k
| I 67 kg
Ay=Max Regxt
90
Propagation delay time
tPLH  Low-to-high 8 Q 15 35 55 ns
tpyL  High-to-low B8 Q 20 40 65
tpLH  Low-to-high Ay.A2 Q 26 | 45 70
tpHL  High-to-low A1.A2 Q 30 50 80
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TYPICAL CHARACTERISTICS

VARIATION IN OUTPUT PULSE WIDTH VARIATION IN OUTPUT PULSE WIDTH l
VERSUS SUPPLY VOLTAGE VERSUS FREE-AIR TEMPERATURE
10 : AX .3
£ 5
; @05 ; oM
2 2 |
T
T o Mo '8 z o /
e o)
t L= : %5
3 / 3 \’.r' . |
% 08 e i on ')“ |
2 a: - t:::n Eatmnal) ?
Ta-mC
57420 - ] 1 Lo - — 5074121 — o]
"0 l 1o
45 an 50 .35 b -8 60 -1 0 -3 0 ”» W0 it ]
Vee - SUPPLY VOLTAGE -V Ta-FALE-AIN Yll'(lATUﬂ.[ .'C ‘
—
SCHMITT TRIGGER THRESHOLD VOLTAGE OUTPUT PULSE WIDTH
VERSUS FREE-AIR TEMPERATURE VERSUS TIMING RESISTOR VALUE
e T T T % =
% BACKLASH = VY, iVy.)
e g oV
> 2\ |
Ak :
- ) z |
g ) 5 |
A O\ :
g k2 H
i, % ¥ 2
3 % 2
S % i
. %, i
; ’ s
i 5
? (M \\' —
Mw.‘uuml—- -
! z-75 80 % iJ 75 S0 5 100 AL
Tot PREE-AIR TEMPERATURE - °C Ry - TIMING RESISTOR VALUE -all
PROPAGATION bELAY TIME TO LOGICAL 1 LEVEL PROPAGATION DELAY TIME TO LOGICAL 0 LEVEL
(B INPUT TO Q INPUT) VERSUS FREE-AIR TEMPERATURE (B INPUT TO Q'OUTPUT) VERSUS FREE-AIR TEMPERATURE
d T T " Veg oY
ey o Bk g
70 Ryl inwrne T ”% Ay
1 Ny
§ b - qE:~“\\\\
: T~ : T 1
TR B ERGS Cf e e
1 N 3 p Pt
; © T\\ e SO gy ' 4;% 8 © T ol B
1 R \[\“\_‘/ ! !
2 ; i et
! » _—i > T J v E
] | b 64/74171—=
2 A . l »
£ i |
30 SR N )
, . p—— — .
° ! ! 1 Il o
- 50 -, L] E-J *0 » 100 \t-J - -50 2% o » L] » e 1%
Ta-FresAw Tongersturs-"C Ta~Fres Al Tovpersuwe-*C
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Lua§ 74121

TYPICAL CHARACTERISTICS, (Continued) TRUTH TABLE
VARIATION IN INTERNAL TIMING RESISTOR VALUE et In+1INPUT OUTPUT
VERSUS FREE-AIR TEMPERATURE : A1 A2 B At A2 B
- 1 1 0 1 1 1 inhibit
0 x 1 0 x 0 Inhibit
X 0 1 x 0 0 Inhibit
e
> 0 x 0 0 x 1 One Shot
|- (4 x 0 0 x 0 1 | onesnot
! // 1 1 1 x 0 1 One Shot
] - 1 1 1 0 x 1 One Shot
1 /// X 0 0 x 1 0 Inhibit
i - L 0 x o 1 x 0 Inhibit
/
2 — x 0 1 1 1 1 Inhibit
g - 0 x 1 1 1 1 Inhibit
= - 5474121 —i 1 1 0 x [} 0 Inhibit
o~ - 1 1 0 0 x 0 Inhibit
- -0 -2 ° o 0 » W 1m 3
Ta-Free Ax Tomsparenon—*C 1 -v",,zzv 0- VNO)sO.GV
1. AV and A2 sre negalive-edge-triggered logic inputs, and will trigger the 0ne shot when e

2

°®~

ther or both Qo 10 logical O with B et logical 1.
B8'is a posilive Schmitt-trigger input for siow edges of level deteciion, and will trigger the
one 8ho! wihwn B goss 10 logical 1 with either A1 or A2 at logical 0. (See Truth Tabie)

. External timing itor may be d ) pin {positive) and pin Wwith no

sxternai capacitance, an output putss widith of 30ng is obtained typicaly.

. TO use the internai timing resistor (2k0 nominal), connect pin 1o pin

. To obiain variable puise width connect variable pin and pin
. No sxternal current imiling is needed.
.. For.accurate repsatable pulse widths an resigtor pin and

pin  with pin  open-cicult.

.t = time betore input tranghion.
. tn+ 1 = time after input transition,

¥ Indicates that sither » logical 0.of 1, may be present.
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SPEED/PACKAGE AVAILABILITY

54  FwW 74 BF .
54LS FwW 74LS BF ) '
DESCRIPTION

This synchronous presettable binary counter features an internal carry lookv-ahead for ap-
plications in high-speed counting designs. Synchronous operation is provided by having all
flip-flops clocked simultaneously so that the outputs change coincident/with each other
when so instructed by the count-enable inputs and internal gating. This mode of operation
eiminatas the oulput counting spikes which are normally associated with’ asynchronous
Irpple clock) counters. A buttered clock input triggers the four flipsHops| on the rising

‘DOSilive-going) edge of the ciock input waveform.

This counter is fully programmable; that is, the outputs may be'preset to elther level. As
Presetting is synchronous, setting up a !ow level at the load input disables the counter and
Causes the outputs to agree with the setup data afterthe next clock pulse regardless of the .

levals of the enabie inputs. The clear function for the 54/74LS161 is asynchronous and a
low level at the clear input sets aliffour of thaflip-fiop outputs low regardiess of the levels of
clock, toad or enable inputs.

The carry look-ahead circuitry provides for gascading counters 1or n-bit synchronous appli-
cations without additional gating: Instrumentai in accomplishing this function are two count-
enable inputs and a ripple carry outpuliBoth count-enable inputs (P'and T) must be high to
count, and input T is fed torward to@nablethe rippie carry outpul. The ripple carry output
thus enabled will produce a high-ievel output pulse with a durationsapproximately equal to
the high-level portion of the QA outputs This high-level overliow fipple carry pulse can be
used to enable successive cascaded stages. Transitions at the anable P or T inputs are al-
lowed regardless of the level of the clock input.

The 54/74L.S161 features a fuily independent clock circuit. Changes made to control Inputs
(enable P or T, load or clear) that will modify the aperating mode have no effect untii clock-
ing occurs. The function of the counter {(whether enabled, disabled, loading ‘or counting) will
be dictated solely by the conditions meeting the stable setup and hold times.

PIN CONFIGURATION
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BLOCK DIAGRAMS

54/74 54/74L8
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PARAMETER MEASUREMENT INFORMATION
TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES
gustrated below is the following sequence:

1. Clear outputs to zero

2. Preset to binary twelve

3. Count to thirteen, tourteen, fifteen, zero, one, and two

4. Inhibit

S

CLEAR l llASVMnkQNOUSI

ENaBLE P
!
envaBLE T ' | F
T
WD ML
o= | it g
uruTS - '
«” "3 | i
o™=
RiPPLE CARAY I I
ouTruT T 13 4 w6 e,
———— counr = T

CLEAR PRESET

NOTES

A The input puises are suppled Dy a generator having the tollowing characterisncs. PRR <
Wz Cuty Cyoe £ 50% . 2,0 » 50111, S 15ns 4y < 60§

B OQuipuls OD anc carty are lesiec 8l t, (g where I, 1S the il titne when'ell outputs are
ow.

C. Vigy = 1.3V,

v
cLock NPT [
Vet Vel
‘-\—Z‘-lclmr" ................. av
. N
LEAR INPUT s
¢ v Vet Voot
ORGP U KRR U g g U ov
tmiclam)) \rtuo ] ™
LOAQ INPUT
i Vot Veat .
A SR, -
¥ iy p =
U U ™
DATA INPUTS J
ABLE e Vret \Vm
] ov
o e oL .
Q QUTPUTS e
Vit Vst
” R Ry vou
— o —— — 3V
ENABLE P
o Vout Veet Voot
ENABLE T E
ov
:’L---J, Wy
twtuo ! T~ VYom
RiPPLE Voot Vest
CARRY OUTPUT d
Vou

| ‘icioa)
v

CLOCK INPUT i Vet Veet Vigt
: ! W
n‘..n!ll“"!l Imaemee 3 ty+2) N
! e
oUTPUT O, Vet Vet
— § — vou
[I— i v,
ouTrUT Oy on
Vret Voot
_________ Voo

po—d tx 1

ouTrUT Og

FIGURE 1—VOLTAGE WAVEFORMS

FIGURE 2—VOLTAGE WAVEFORMS
NOTES
A. The wnput puises are supphgd by generators having the tollowing characternstcs:
PHA< 1MHz, Duty cycle < 50%. 2, = 506l 1, S 1505, 1y S 6ns.
B Enable P and T setup timas are measured 81 n,o
C Vg = 13V

Load circuit 15 shown at front of book (totem pole output).

TYPICAL APPLICATION DATA

N-BIT SYNCHRONOUS COUNTERS .

This application demonstrates how the iook-ahead carry circuit can
be used to Implement a high-speed n-bit counter.The 54/74LS161
will count in binary. Virtually any count mode {modulo-N, Nq-toNp,
N {-to-maximum) can be used with this fast iook-ahead circuit.
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SWITCHING CHARACTERISTICS vgg = 5V. Ta = 25°C

54/74 54/74L8
15pF Ci =15pF
TEST CONDITIONS \ L~ 400¢ RL--2kQ
FROM 10 \”}"4
PARAMETER INPUT O A K n ", AX | MAX |UNIT
fciock Clock frequency 5 : MHz
tw (Clock) Width
of clock ns
input pulse

tw (Clear) Width
of clear
input pulse

1Setup Input setup time

tholg Input hold time

Propagation delay time |

tPLH
PHL

tPLH

tPHL
tPLH

tPHL

PLH
tPHL

Low-to-high
High-to-low
Low-to-high

High-to-low
Low-to-high

High-to-low

High-to-low.

Low-to-hig| y

ns

High-to-low

tPHL

Load cicuit and typical wa

160
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SCL4066B

FEATURES

€ Transmission or Multlplexmg of Analoq or
- Digital Signals
¢ 80{) Typical ON-Resistance for 15-Voit oper-
ation
¢ Switch ON-Resistance Matched to within 582
over 15-Volt Signal-Input Rangs
¢ ON-Resistance Flat over Full Peak-to-Peak Sng-
nal Range
¢ High Degree of Linearity:
& 0.5% Distortion {typ) @ fi; = 1kHz,
Vis = 8Vg o, VpDVss = 10V, Rp= 10102
@ Extroamely Low OFF switch Leakage Resulting
in very Low Offset Current and High Effective
OFF Resistance: .
10pA {typ) @ Vpp-Ves™ 10V, Ta=25°C
¢ Extremely High Contro! input Impedance (Con-
trol Circuit Isolated from Signal Circuit):
101252 (typ)
® Low Crosstalk between Switches:
-50dB (typ) @ {j3= 0.9MHz, Rg = 1k{2
€ Matched Control-Input to Signal:Output Capac-
itance Reduces Qutput Signal Transiants
¢ Frequency Response, Swifch ON = 40MHz (typ}

DESCRIPTION

The SCL40668B is a Quad Bilateral Switch
intended for the transmission or multiplexing of
analog or digital signais. It is pin-for-pin compatibla
with the SCLA40168, but exhibits ajmuch dower
ON-resistance. In addition, the ON-resistance is rel-
- atively constant over the full input signai range.
The SCL4066 consists of four independent bilat-
eral switches. A single control signal is réquired per
switch. Both the P ‘and the N device in a given
switch are biased ON"or OFF simultaneously by
the control signal. As thown-beiow - the-well.of.the
N-channel davice on each switch is either tied to
the input when the switch is ON or to Vss when
the switch is OFF. This configuration minimizes
the variation of the switch-transistor threshold

)
SCHEMATIC DIAGRAM (oneof four switches)

SwITCH

NORWAL OPERATION
CONTROL -LINE BIASING .
swiTen O YV evpg
SWITCN OFF, W 0" ~wgg

CONTROL 1l
Yy

SIGRAL- LEVEL RANGE
vss 3 Vis IVpo

CMOS QUAD ANALOG SWITCH

CONNECTION DIAGRAM

{all packages)
Switch
A Switch O Switch C
- R ]
¥pp € C IN OUTOUT iN

je| | - 1 | ]

14 13 12 11 10 9 8
SCL40668

1 2.3 4 5 6 17

I t | i 1 i 1

IN OUT OUT N C C Vgg
—————— W e’ ~——
Switch B Sw(i:tch

Switch A

Add suffix for package:
C 14-pin Cerdip F  14-pin Flat
D 14-pin Ceramic H Chip
E 14-pin Epoxy

. RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Subply Voltage VpD - Vss

Operating Temperature Ta
C. D, F, H Device 6510 +125 ©OC
E Device 4010 +85 ©C

voltage with input-signal, and thus keeps the ON-

resistance low over thasfull operating range.

The advantages over single-<channel switches in-
cluda peak input-tignal voltage swings equal to the
full supply voltage, and more constant ON- imped-
ance over the input-signal range, For sampie-and-
hold applications~however,
recommended.

LOGIC DIAGRAM

.‘ r\..om_é:. yacua

| - _._3"‘*""“
‘_‘:_.-..;;- _.1;\...___&—-'—-«-.
E—Y
g e i

o

T

Jto 15 Vde

the SCL4016 is

161l
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ELECTRICAL CHARACTERISTICS -

162

\ v T il °C 2
PARAMETER CONDITIONS | 2ol A 48 i Twan”_ | ynits
i Min. | Max. | Min Typ. | Max. | Min. | Max,
QUIESCENT DEVICE
CURRENT oo | Vin=Vss or Voo 0 [ 0.05 — 10.0005| 0.05 - | 1.5] pAde
All'valid input 0 10 - 0.1 - 10.001] 0.1 - 3.0
combinations [+] 15 = 0.2 = (0002| 0.2 - 6.0
MINIMUM INPUT HIGH Vg
VOLTAGE il = e 0 e 40| - |275 | 40 - | a0 vde
(Control Input) Vod= Vo 0 70 N 80| — |55 80| - | 80
s =10uA 0o 15| - ;120! - [825 [120] - |120
MAXIMUM INPUT LOW Viu . -
VOLTAGE Vis = Vss 0 5110 - 1.0 {2.25 - 1.0 - | Vdc
{Control Input) Vos®Vop 0 10 { 20 - | 20|45 - 20 -
4 = 10uA 0 15{30| - | 30(675] - | 30| -
SWITCH INPUT/OUTPUT, e,
LEAKAGE Ve -V 7.5 |#25| — {+100| ~ |:0.01{2100] - | 2200{nAdc
V5= $7'6Vde
ON RESISTANCE RN
C.0.F.H device Ve = Voo 154 +16 220] - so| 280/ - | 320] @
Vs &V 44 Vigp 0. { +15 i
R, =10k Q
S B |l - sl - | 120] a0 - | ss0] 0
0 +10
25 4#254 o 12000 - | 270 2s00] - [ 3s00] @
0 |45
E device Row | Ve = Voo 7.5 {475 w0l - 17 sol 280! - | 300 @
VesSVisSVpp: 1. 01 415 :
Re-=10kQ 5. ks .
o st 330 - 120f 400] - | 620 @
25 | +25
: = = ~ 13
— 2100 270 2500 200f Q
ON-RESISTANCE MATCH AR g
{Same package) Ve * Voo 15 ) 4181 _ . 5 5] - - -l a
Vss& Vis<Vgo 0 |+15
L =10kQ . -
5 +5 - - 3 1] - - Q
0 | +10
25 251 - _ _ ol - _ Q
(v} +5

NOTES: ' Remaining Static Electrical Characteristics are listed under 'SCLG(DOB Series Family Specifications”.,
Teow =-55°C for C, D, F, H device. |

=-40°C for E device.

Thigr = +125°C for C, D, F, H device.

=+ BS°C tor E device.

3 This device has been designed for balanced output drive current specifications. Consult Family Specificationsy
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DYNAMIC CHARACTERISTICS {C_ =50pF, T, =25°C)

ELECTRICAL CHARACTERISTICS (Continued)

163

Vgs Voo . i
PARAMETER CONDITIONS tvae) | (vde) Min, Typ. Max Units
SIGNAL INPUTS (V) AND OUTPUTS (V,,)
PROPAGATION DELAY TIME | tp n,|Ve=Voo
tony | Vie=Square 0 5 - 20 40 ns
Signal Input 10 Signal Qutput . Wave [e] 10 - 10 20
: R = 10x§% e 15 = 15 15
BANDWIDTH {-3d8) BW |V.=Vpo R,
{Sine Wave) - Vg=8Voof 1KQ -5 +5 - 54 - MHz
centered | 10«2 | - 40 -
© 0.0Vdd100kD - 38 -
MR - 37 -
INSERTION LOSS
(=20 logia 0% )
oG g~ Ve=Von | Ry
Ve=BVpo| Q] -6 +5 - 23 - d8
centered | 10k - - 0.2 -
@ 0.0Vde[t 00k - 0.1 -
MO - 0.05 -
SIGNAL DISTORTION
{Sine Wave) Ve*Voo -5 +5 - 0.16 - %
V=5V, o g
centered .
@ 0.0Vdc o
e fi,®#1.0kHz
R, = 10k
FEEDTHROUGH {-5048) Ve=Ves 7By
V=BV, kO] -5 +5 - 1250 ~ kHz
céntered | 10kQ2 - 140 -
©0.0Vdc {100k - 18 -
i e - 2 -
CROSSTALK (-50d8) VA3V -b +5 - 0.9 - MHz
Between two switches V(B8)=Vgg
VolA)=5V,
centered
@0.0Vde
R, = 10k
CAPACITANCE
Input 1 Ce 3 - 8 - pF
Output Cos |Ve = Vss -5 +5 - 8 - pF
Feedthrough Cioe - 0.5 - pF
GONTROL INPUT (V¢)
PROPAGATION DELAY TIME [tec | Vss€V,,SVipo ] 5 - 50 100 n
Turn on ! Ry = 10kQ2 0 10 - 25 50
0 15 - 20 40
MAXIMUM INPUT f.  |Vss<Ve<Vpo ] 5 - 5 - MHz
FREQUENCY Ry, =1.0kQ - 0 10 - 10 - -
0 15 - 12 -
CROSSTALK
{To signal port) V. =Square Wave 0 5 - 30 - mV
A A =0k 0 10 ¥ 50 g
Rin = 1.0k2 -0 15 - 100 -
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HGNAL VOLTAGL (V,,) — VOLTS

Typical channel ON resistance vs. signal voltage for

three values of supply voltage (Vpp-Vss)

IPRLY VOL TS vpo*+3.v39°-3

INRUT WONAL VOLTS [Vig) 3 ¥p-p
SINE WAVE (1 7T Ru3)

COM TROL VOL TS (W )+ ¢

o LOAD CAPACTTIANCE * (Crrx *Copg TEW)

R vOLTMETER

WPUT ICNAL FREQUENCY {1,,) Mg

| Tt |

3 14 LOAD RESISTANCE (R ) 1w [ 1
= i
o -3
xS oAg pomeTs 4
e worn N
N
- (1Y
22
H
B o

o ! e ' 0o

2]

\UB3 CD4066B

le4

SUPPLY VOLTAGE  vpyeBY - LOAD WESTSTARCY
. Vsq *-BV
Y Jawswwr TewsEmatuae 1,505
2 TS = 3
1 ihmi
}. SR Rttt - 2
1
= 43, T
; 1 153 4 ﬁ
S Y
§ narii ve* VYoo "g
2 o8
SITER Vie Voo
-% iR O— 1006 O
WICNES
; : g5
& i i i vss
Byiiiessy TES ALL UMUSED TERMmALS
:‘5;_‘._3 1 Tt ettt AN COMMICTED TO vsg
-6 = -2 ] 3 4 []
HPUT SIGNAL VOLTAGE (V | - VOLTS

Typical ON cheracteristics for 1 of 4 channels.

[SUPPY VOLTS Vpp-+3, vgge-9
CONTROL VOLTS (Ve)e -3

-
(=3

FIXTURE AND METER
Clovyanmr

PUT SIGRAL VOLTS (v} 3 vp.p ST WAVE (LTT7 &M3 } ]
b LOAD CAMML ITaNCT lcu-:nn\nl *CMLTEA
wALLD

/

-
~

. on ar wntamrea

sf ., g
1 < lus
ATl 2
A Lillles S
y/ y

/L,

OUTPUT S1GHAL Rads MALIVOLTS ('}
3
is
o =
i
0-”
g 5%
N 4

.

‘ /

w0t : ©

02 03 0

Typ. switch frequency response - switch™“ON®

SPLY YOLTS: vpo=+ 5, Vg o8 Tar T T
TNPUT SIGNAL VOLTS (Wg)e 5 Vp_p SINE WavE (177 Mes)
T3 30} FIXTURC AMD METER MALED OUT 383
z (R EA | Hi [
»
- [ e 37
% L&v v N ‘:‘
0+ b
1 :
] 3
4 % Vss aoo:?‘o:"::& s=
H mOOLL 9i-CA [
- L] T OR FOuUN. a8
E 4 wetni| | [f
L4
= ™
a un‘g— v
1004 s'rro(n l i
ol i [ i

-yt M mu-:v 11,1 = we

PUT SIORAL FREQUENCY (fy) sia

Typ. feedthru vs. freq. — switch “OFF”

ALL UMUSEID TERWMALS
ARE COMMNECTLD TO V"

Typ. crosstalk between switch circuits in the same

package

Test circuit, crosstali-control input to signal output
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SPECIAL CONSIDERATIONS — SCL40668

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/R (R = effective external

~ load of the 4 SCL40O66B bilateral switches). This provision avoids any permanent
- current flow or clamp action on the Vpp supply when power is applied or removed

from SCL40668.

2. In certain applications, the extamal load-resistor current may mdude both Vpp and
signal-line components. To avoid drawing Vgp current when switch current flows
into terminais 1, 4, 8, or 11, the voltage drop across the bldwecuonal switch must not

- axceed 0.8 volt (calculated from R values shown), . .
No Vpp current will flow through Ry if theiswitch current ﬂows into termmals 2,3,

* 9, or 10. Failure to observe this condition may resuitiin distortion of the signal.

oo

APPLICATIONS INFORMATION

165

@ orov - e
ol fd Do
Vina Yoes % Yous “ysag
_1>~k—o a0 gzajer- O—o ofo—C
- i 8. S8
~ o S e
S : —ofn_
Basic Switch Functions using the SCL 40668
C4=0.001C; -
, —i @
SELECT O
€3+=0.01Cy ey
T e =)
fey @ 2 sl orew LOGP GAIN
SELECT O i i ~
m C2=0.1¢ s .
CONTROL - it 8 ki B = S LTI > I
SELECT O < § ~_
-— } ~
ey i @ [ \ h h N3 Ly
SELECT O
[* ] FREQUENCY - 42
R3 AL (VOLTAGE GAIN BELOW SNEAK FREQUENCY)
YiN O=——AAA—4 . .:;‘ -
. Vout 1 (BREAK FREQUENCY) = ‘,c,-

1TV GAIN §RE A
A fuw va) P

‘A ATTENUATION B HE

Active Low Pass Filter with Digitally Stloctod Break Frequency-
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L'uas' LF351

74 National
2 Semiconductor

LF351 Wide Bandwidth JFET
Input Operational Amplifier
General Description

The LF351 is a fow cost nigh speed JEET input opera-
tional amplifier with an internally timmed input offset
voitage (BI-FET II™ technoloyy). The device requires a
low supply current and yet masntains a large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
low input bias and offset currents. The LF351 is pin
compatible with the standarudM747 and uses the same
offset voltage adjustiment circuitey. This feature allows
designers to immediately upgrade the overall pertor-
mance of existing LMZ41 designs.

The LF351 may be used in applications such as high
speed integrators dast D/A gonverters, sample-and-hold
circuils and many othegicircullts fequiring low input
otfset voltage, low input bias current, high inputimped-
ance, high slew ratg and wide bandwidth.“The device
has low noise and oftset voltage drift, bul lor applica-

Operational Amplifiers/Bufters

81-FET 11" ™ Teennology

tions where tnese requirements are critical, the LF356is
recommended. If maximum supply current is ynportant,

however, the LF351 is the better choice.

Features

® Internally trimmed offset voltage 10mv
® Lowinput bias current 50pA
® Low inpul noise voltage 16nVi/Hz
® Lowinpulnoise current 0.01 pAn/Hz
8 Wide gain bandwidih 4 MHz
B High slewrate 13 Vs
| Low supply current 1.8mA
'® High inpul impedance 10129
8 Low total harmonic distortion Ay = 10, <0.02%

Ry = 10k, Vo = 20Vp-p, BW = 20Hz-20kHz

B Low 1/f nuise corner S0Hz
m Fastsetiling time to 0.01% 2us

Typical Connection

Iy Vee O

NV

-V O & »

Connection Diagrams (top Views)

Metal Cun Package

Mute Pin 4 connetted to case

Order Number LF351H
See NS Package HO8C

Simplitied Schematic

INEERBALLY
NTERNALLY TRIMMHD

TRIMMED

Dual-I1n-Line Package

O

\
BALANCE ———i
2
INPUT —=——p ——
3 % 3
INPUT =y pem QUTFUT

BALANCE

b NC

TOP VIEW

Order Number LF351N
See NS Package NOBA
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Absolute Maximum Ratings

Supply Voitage

Power Dissipation (Note 1)
Operaung Temperature Range . 0
TiMAX)

Difterential Input Voltage
Inpul Voltage Range (Note 2)
Output Short Circuit Duration
Storage Temperature Range

L
98

nm% LF351

& 18V
500 mwW

“Ctu +70°C

115°C
+ 30V
+ 15V
Continuous

-65C1to +150°C

167

Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics (vote 3)
LF351
Y DITIONS
SYMBOL PARAMETER CON MIN TYp MAX UNITS
Vos Inpul Oftset Voltage Rg S0 kS TRENAERC 5 10 myv
Over Temperatuie 13 mv
AVOog/AT Avegage TC ofdiipuliOftset Rg = 10kQ 10 uvi°C
Voltage
l0s tnputyOftfset Current T=25 25 100 pA
T, s 70°C 4 nA
g Input Bias Cugrent T, =25°C, (Notes 3 50 200 pA
1] B Rt 8 nA
RiN lnput ResiStance T, = 25%C 1012 Q
AyoL Large Signa! Voltage Gamn Vgt 2 16V T =255C 25 100 vimv
Vo - 10V, Rl = 2kS?
Over Temperatuie 15 vimy
Vo Qutput Voltage Swing Vg = =15V R =10kQ *12 +135 v
vVem Inpul Cammon-Mode Valtage ud < sy <11 +15 v
Range -12 v
CMRH Common Mode Rejegtion Ratio Rg € 10k 70 100 dB
PSRR Supply Voltage Rejechon Ratio (Note 5) 70 100 dB8
g Supply Current 1.8 3.4 mA
AC Electrical Characteristics note 3)
LF351
SYMBOL PARAMETER CONDITIONS WIN P MAX UNITS
SR Slew Rate Vg= =18V, Tp =25°C 13 Vius
GBW Gain Bandwidth Product Vg= %15V, Tp=25°C 4 MH2
en Equivalent Input Noise Voltage Ta=25°C, Rg = 1009, 16 nVIVHz
f = 1000Hz
in Equivalént.input Noise Current Tj=125°C, t = 1000H2z 0.01 pAVHZ
Notét: Fotopetaling al elevated tempetaiure, the'device musybe'derated based on a thermal resistance of 150 °C/W junction to ambient

or[45°C/W junglion {o case.

Note 2: Unless othenwis» specitied the absclute maximum acgative input voltage is equal 1o the nggative power supply voitage.

Note3::These specilivaiuns apply for Vg = =15V and 0°C £ Ta € +70°C. Vps, Ig and g are measured at Vopy = 0.

Note 4: The input bias currents are junction leakage curients which approsimately double tor every 10°C increase in the junction tem-
perature, Ti‘ Due to the limited production tesitirne, the input bias currents measured are correlated to junction temperature. In normal
operation the junction temperature rises above the ambient temperaturg asia result of internal power dissipation, Pp. T, =Ta + 04 Pp
whereb) o isithe thermal resistance fromsjunclionso ambienlalseof a heat sinkiis recommendedat inpulbias eurrent is to be kep! 1o a

minimum.

Note 5. Supply voltage rejectivn ratiojis measuted for both/supply magnitudes Increasing Ut secréasing simultaneously in accordance

with common practice.
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Typical Performance Characteristics

Input Bias Current fnput Bias Current Supply Current
T T - 22 e ._..“[___
100 j—Vg= -1ev B i el andd - 0 _Ta_-s20C i
- Ta=25¢C - N S _ ; T R
B B g ! H i
- W= R R i - £
z z z L~
3 & Z 18 / cy
3 =3 z
« 60 S «
3 3 é / i
E4 H S e p——T— B T
= 40 = 4 z ]
- = i z |
s =) E] -
2 Y a
I R e i LI et it i
)
) B |
[ p W N S 12 i !
-1 5 0 5 10 OIS0 00 8 o I oo 0 ' 0 5 10 15 26 2y
COMMON-MOQE VOLTAGE (V) TEMPERATURE (C) SUPPLY VOLTAGE {-v)
Pasitive Common-Mode Tnput Negative Common-Mode Input
Voltage Limit Voltage Limit . Positive Current Limit
2 7 T ) A T el
8C_Ta_r20C Uc IA»,vlun—[
e o RN %, | T .
.
15 - i

TIVEROMAONMBOE INBL T

POSITIVE QUTPLT VOLTAGE SOURCE {v

= '“‘ .
z
2
= i . ™
52 R /
S z : B o :
iz £ N 1 !
E= w0 f—y- -/ = o = Y i
o ]
£z 4 j
£2 bee-—1- _aill 3 ] N, W
o 2 1
3 / 2
52 5 -~ s .
z 7 ; |
@ S RO D 2 N H
g z ’ 1 ”I'* :
;
0 [
[} s 0 15 20 0 L 1] 15 20 A
POSITIVE SUPPLY VUL TAGE (V) NEGATIN ( SUFPLY VOLTAGE (V) QUTPUT SOUKCE CUMRENT (nié)
Negative Current Limit Voltage Swing Output Voltage Swing
B i ay 0 =TT [ ] f’w
o ‘& Vg -5V Il
z o -
] } g $ s ol . [ﬂl(ﬁ
3 ! P ER R
s : : : i
= i B w i
o i o I} l‘
> 20 B ottty [
H l — = i i
" : = S ol - AL R S i i .
° i = 5 /
] ! P = 1A ; nil
S = P i
a I o <« i
g x R
z o 6 0 :
[} 10 20 10 au : 0 5 10 15 20 [ 1 10
QUTPUFSINK CUHRLNT (A} SUPPLY VOLTAGE t- V) RL - QUTPUT LOAD (k1)
Gain Bandwidth Bode Plot Stew Rate
5 : U i a1 ML " VeIV
= R S Y Vg=isy Ry~ 2k =
z 20 Ry = 2% 100 ¥
H Ry = 2k i Ay -1 FALLING
z 45 ¢y - 100 pF ] Cy = 100 pF S
- X o . W 50 x 1
g \-\ - s =
o 4 — e
= Y £ 0 de 3 £ o
3 I F i 5 o«
z P = i, ! =
z ¥ G R | ) solm e
;_ 15 T l el M Y]
E ) A o100 | |
E { |
3 0 ~150 n
0% 20 30 e 50 60 70 ot ' 0 1ou o /30 40 S8 60 0
FREQUENCY (MH2) TEMPERATURE ( C)

TEMPERATURE { C)

3-37

1641

B



LF351

Faya s Ivvigavled

aMAnuan (o)

fa

Typicai Pertormance Characteristics (ot ¢

COMMONMODE REJECTION RATIU (48 DISTORTION (%)

OPEN LOOP VOLTAGE GAIN (V/V)

Ve
0irs
015
0128

0.075

0030
0025

WoK

Duostartion vs Freguency

T T
Vg« 18y
Tar2s ¢C

+ 1

Ags

10 ot i 10

FREQUENCY (H2)

Cummon-Mode Rejection
Ratig

r V'"
CMRIS 20106 < orIH 0y
Vem
VOLTAGE GAIN 1 g
T
10100 Tk 10k 100k 1M 10M

FREQUENCY [He}

Open Loop Voltage Gain (V/V)

' T T i
Ta-0CT0 25 ¢
1 o
1/?7
LT e
T Ta=10C
-
5 10 15 2

SUPPLY VOLTAGE (+V)

POWER SURPLY REJECTION RATIQ (dB! OUTPUT VOLTAGE SWING (Vp pi

OUYPUT IMPEDANCE {203

30 T
Vg 15V

L j " C ALt
\ Yarsc

20 b— |- \Av=|

Undistosted Output Voltage
Swing

tus$ LF351

TN
' |

0k

100k 1)
FREQUENRCY (M1}

Power Supply Rejection
Ratio

10 100 1K
FREQUENCY [H2)

100k 1M 10M

Output impedance
100

=4

3

FREQUENCY (H1)

OPEN LOOP VOLTAGE GAIN (dB!

EQUIVALENT INPUT NOISE VOLTAGE (nV/iHzi

OUTPUT VOLTAGE SWING FROM OV {V)

169

Open. Loop Frequency Response

120 —
N\ Ry=24
100 A o= Vg 1y —
\\ Ta*25¢C
0
N
60 |t — ——\
wll H\ o
w - —— N
. N
1 10 100 |i_ 10k 100k 1M 1OM
FREQUENCY (Hz)
Equivalent Input Noise
Voltage
10
i1l i
111 T
60 TH i [L T
L
50 1 ;% +
i
ot
i
10 - i
- i
o L1
19 100 Th

10

-10

FREQUENCY tHz)

Inverter Settling Time

Y

b |v

REA
vge 15V |
TAr25€

il

i
1oV -t -‘-1[
|
[

0.1 1 0
SETTLING TIME (;0)

3-38




aaNuan ()

wawyanavlvhuavled wwes LM380

LM380 audio power amplifier
general description

The LM380 is a power audio amplifier for con
sumer application. In order to hold system cost to
a minimum, gain is internally fixed at 34 dB. A
unique input stage aliows inputs to be ground
reterenced. The output is automatically self ent-
ering to one half the supply voitage.

The output is short circuit proof with internal
thermal timiting. The package outline is standard
dual-in-line. A copper lead frame isused with the
center three pins on either side comprising a_heat
sink. This makes the device easy touse in standard
p-c layout. ;

Uses include simple phonograph amplifiers, inter-
coms, line drivers, teaching machin@ outputs,
alarms, ultrasonic drivers, TV sound systems, AM-
FM radio, small servo drivers, power converters, etc.

A selected part for more power on higher idpply
voltages is available as the LM384. For more
information see AN-69. . -

features

Wide supbly voltage rénge
_Low quiescent power drain

Voltage gain fixed at 50

High peak current capability

Input referenced to GND

High input impedance

Low distortion

Quiescent output voltage is at one-half of the
supply voltage :
® Standard dual-in-line package

block and connection diagrams

Dual-In-Line Package

SYPASE 1 et U A
BORWVINY 0 WPUT ] b 1
3 35— S
i n-ln—. A -n]uo‘
T S b 19,
WVIRTINE wPy? § g pooe § » .
- b 8 v
e it 100 vii®
Ovrder Number LM38ON
See Packoge 22
v, W

LERS RIN2 L ) :
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" typical performance characteristics
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FEATURES
o 120 MHz BANDWIOTH

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

Difterential Input

Vot -5V A, 1| PACKAGE
o 250k} INPUT RESISTANCE oltage " \ - . B
o SELECTABLE GAINS OF 10,100 and 400  Common Moda Input ~6V wrora 5] ot
e NO FREQUENCY COMPENSATION RE- Voo g 8V
QUIRED we 7] W] ne
e b s ssge | natE ity
Storage Temperature Gyg GAIN[G S 7 EG" Gain
Range -65°C to + 150°C SELECT sELECT
Operation Temperature-Range v- [ \/ DM
pA733C 0°C 10 +75°C we [1] of
#A733 =55°C to +125°C ovrrora T}— Novrurs
TEST CIRCUITS (T4 = 25°C unlgss othepwise specilied) AR e
HATIICA/ HATIICH
K PACKAGE ]
0.2.¢
0 ¢
O ‘i Goa GAIN SELECT
v 733 2R vour 733
L—v() Gia GAIN
"5! 51 INPUT Y SELECT
:» it 1] e P 2out 1% INPUT 2 ve t
‘L 4:5m 531 % S st‘::“;— ® S
= = jL J Gyp GAIN - ouTPUT 2
= = = = = SELECT
NOTE P:n 5 connectan 10 Cate
ORDERA PARY NQS
MATIIK/WATIICK
Thermal Resistance (64_A, Junction
to Ambient for each package):
A Package. 0.16°C/mW
. 4 | Package 0.10°C/mW
K Package 0.145°C/mW
Power Dissipation 500mwW
CIRCUIT SCHEMATIC
-—0 v
g My < A St < Ry < Ry t
> 28 9 2an o ou S AR
‘ L *.
{ S
Ko
LAt
N
INPUT | :ﬁo. ay INPUT 2 Ry O OUTPUT L
e
Gya b 1 Gig WA
slf:c”: { d EE u;‘ b3 :oSQ ‘(s;x':cv l;.., —O ouTPUT 2
Ga0———4 —0 Gz VWA
R
P 590.: > 590
oy l P & Pas | oy
3 bl 8-V 1-d VIe) |
; ‘ . —-Ov "
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ELECTRICAL CHARACTERISTICS
gandard Conditions (T4 = +25°C, Vg = =V, Vg = O unless otherwise specified)

173

uA733C nA733
PARAMETERS TEST CONDITIONS UNITS
MiN TYP MAX MIN TYP MAX
pifferential Voltage Gain
Gain 1 Note 1 250 400 600 300 400 500
Gain 2 R = 2k, Vout = 3V .p Note 2 80 4100 120 9 | 100 110
Gain 3 Note 3 8.0 10 12 9.0 10 H
Bandwidth
Gain 1 Note 1 40 40 MHz
Gain 2 Note 2 S0 90 MH2z
Gain 3 Note 3 120 120 MHz
Rise Time
Gain 1 Note 1 10.5 10.5 ns
Gain 2 Vout = 1V pp Note 2 45 | 12 45 | 10 ns
Gain 3 Note 3 2.5 2.5 ns
Propagation Delay
Gain 1 Note 1 Vo) 7.5 ns
Gain 2 Vout = 1V Note 2 6.0 10 6.0 10 ns
Gain 3 PP Note 3 . 3.6 36 ns
Input Resistance
Gain 1 Note 1 4.0 4.0 kQ
Gain 2 Note 2 10 30 20 30 k)
Gain 3 Note 3 250 250 Kk
Input Capacitance Gain 2 Note 2 2.0 2.0 pF
Input Offset Current 0.4 5.0 0.4 3.0 uA
Input Bias Current 9.0 30 9.0 20 unA
Input Noise Vollage BW =1k Hz to/10 MHz 12 12 nVms
Input Voltage Range +1.0 =1.0 v
Common Mode
Rejection Ratio
ain 2 VoM = 2V.1=< 100 kHz 60 86 60 86 dB
Gain 2 Vom = =1V, Fi= 5 MHz 60 | 60 dB
Supply Voltage
Rejection Ratio
ain 2 AVg = *05V 50 70 50 70 dB
Output Offset Voltage :
Gain 1 B = = Note 1 0.6 1.5 0.6 1.5 v
Gain 2 and 3 Notes 2.3 0.35 1.5 0.35 1.0 v
eu't{au\ Common Mode R == 2.4 2.9 3.4 2.9 3.4 \
oltage
Output Voha%e Swing R_ = 2k 3.0 4.0 3.0 4.0
Output Sink Current 2.5 3.6 25 3.6 mA
Output Resistance 20 . 20 0
Power Supply Current R = = 18 24 18 24 mA

Recommended Operating Supply Voltages (Vg = =6.0 V)

¥
i
-
i

NOTES:

1. Gain select pins Gy 4 8nd Gyg connected together.

2 Gain setect pins G and Gog connected together.

3. M gain setect pins open.
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TYPICAL CHARACTERISTIC CURVES
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lPICAL CHARACTERISTIC CURVES (CONT'D)
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5596/MC1496/MC 1596-A K

FEATURES PIN CONFIGURATIONS (TOP VIEW)
» EXCELLENT CARRIER SUPPRESSION .
65dB typ @ 0.5 MHz ) | ) A PACKAGE
50dB typ @ 10 MHz i
« ADJUSTABLE GAIN AND SIGNAL HANDLING AN e
¢ BALANCED INPUTS AND OUTPUTS ) ] E
» HIGH COMMON-MODE REJECTION—85dB typ o nomar L1 . jriseete Duour
we (7] [ilne
APPLICATIONS o mone [7] v
SUPPRESSED CARRIER AND AMPLITUDE MODULATION g o] - o
SYNCHRONOUS DETECTION il Coreir Inout
FM DETECTION g O o o
PHASE DETECTION s we (7] D-w-'.. Output
SAMPLING
SINGLF SIDEBAND
FREQUENCY DOUBLING
. ! . K PACKAGE
ABSOLUTE MAXIMUM RATINGS v-
Applied Voitage (Note 1) . 30V
Differential Input Signal (V4 — Vg) +50V L . outpur
Differential Input Signal (V4 — V) (5 +/15 Re)V . 3 Negative
Input Signal (V2 - V-‘, V3 - V4) 5.0V . Carrier lnput
Bias Current (lg) ‘ 10mA - . - 2:-".‘:"““
Power Dissipation (Pkg. Limitation) ., Positive
Signal Input Qurput
K-Package 680mMW. Sies
Derate above 25°C 5.4mW/2C °
A-Package (TO-116) 900mW
Derate above 25°C 72mW/°C SCHEMATIC DIAGRAM
Operating Temperature Range -555°C.10.4#125°C
Storage Temperature Range -65°CHo-+150°C
NOTES . CARINER (=) d
1. Voltage appied between pins 6-7.8-1,6:7, 0-8, 7-4, 7-1, 8-4. 68, 2:5. 3-5. s
2. Pin numbet references pertan 10 K package pinout only.
. SIGNAL (-] O L oy gl_é
INPUT (0) Ot $—20 cam
30 Apwst
aas oS- o —¥5
0y
Ry l, LY
500N 5000 5000
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5596/MC1496/MC 1596~A,;<

SIGNETICS BALANCED MODULATOR- -DEMODULATOR m MC1596, MC1496

ELECTRICAL CHARACTERISTICS* (All input and output characteristics are smgle -ended unless otherwnse noted,
© MC1596 MC14
PARAMETER C14%% UNITS
MIN TYP MAX MIN TYP MAX |
Carrier Feedthrough . : aV(rms)
Vg = 60 mV(rms) sine wave and ’ fc = 1.0 kHz 40 40
offset adjusted to zero fc = 10 MHz 140 g ) 140 -
V(¢ = 300 mVp-p square wave: e R mV(rms)
offset adjusted to zero ic = 1.0 kHz 0.04 0.2 0.04 04- '
offset not adjusted fe =1.0 kHz 20 100 20 200
Carrier Suppressions ' aB
fg = 10 kHz, 300 mV{rms)
fc = 500 kilz, 60 mV({rms) sine wave 50 65 a0 65
fc =10 MHz, 60 mV(rmsjsine wave ¢ .50 50, :
Transadmittance Bandwidth (Magnitude}(R= 504) " MH2z l
Carrier Input Port, V¢ = 60 mV{rms) sine wave 300 300
fg = 1.0 kHz, 300 mV(rms) sine wave
Signal Input Port, Vg = 300 mV(gms) sine wave 80 80
Vgl # 0.5V dc !
Signal Gain ; 2% 35 25 35 vV

Vg = 100 mV{rms). 1 = 1.0 kHz; Vgl 20.5¥ dg

Single-Ended Input Impedance. Signal Port. f = 5.0 MHz

Paraliel Input Resistance 200 200 [39]
Parallel Input Capacitance i 20 : 20 - pF
Single-Ended Output Impedance, f = 10 MHz j ;
Paraliet Qutput Resistance 40 40 KQ
Parallel Output Capacitance - 5.0 50 pF
Input Bias Current nA

e = hhela _l7+18 12 25 12 30
bS*® Tz PCT T2 |12 25 12 30 ,
Input Offset Current : 0.7 5.0. 07 7.0 HA
lios = b - i lioC =172 18 © 0.7 5/0 07 7.0
Average Temperature Coetficientof Input Offset Current : 2.0 2.0 nA”C
(TA = -55° to +125°C) .
Output Offset Current i s 14 50 15 80 uh
(16 - Ig) )
Average Temperature Coelficient of Output Offset Current 90 ) . nAC
(TAa = -55°C to +125°C) :
Common-Mode Ipput Swmg Signal Port, {g =,1.0kHz 50 5.0 Vp-p
Common-Mode Gain, SignallPort, {5 = 1,0kHz, I -85 N -85 . . dB
fvgl =05V dc . .
Common-Mode Quiescent Output Voltage (Pin6orPin9) * : 8.0 80 Vvdc
Differential Output Voitage Swing Capability 8.0 8.0 17 ve-p
Power Supply, Current | r mAdc
6+ lg t 20 3.0 20 40 :
ho . ' 3.0 40 3.0 50
DC Power Dissipation ' 33 ’ < | . mW.

(V+ = +12V dc, V- = -8.0V dc, I5 =1.0mAdc, R = 3.9k, Ry = 1.0k, Ta = +25°C unless othervgise noted)

*Pin number reterances peran o K package pinout only.
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LM3914 Dot/Bar Display Driver

General Description

The LM3914 is a monolithic integrated circuit that

senses analog voltage levels and drives 10 LEDs, pro-

viding a linear analog display. A single pin changes the

display from a moving dot to a bar graph. Current drive

to the LEDs is regulated and programmable, eliminating

the need for resistors. This feature is one that allows
. operation of the whole system from less than 3V.

The circuit contains its own. adjustable reference and
accurate 10-step voltage. divider. The low-bias-current
input buffer. accepts signals.down to grouad, or V7, yet
needs no protection against inputsiof 35V above or
_below-ground. The buffer drives 10sindividual com-
..parators referenced to_the preéision divider: Indication
‘non-linearity can thus be held typically 10 1/2% even
~over.a wide temperature.range. ; - E ..
,Versatility was designed into the' LM3914 -so_-that
controller, visual alarm, and expanded scale functions
are easily added on to the display system. The circuit
can drive LEDs of many colors, orllow:current.incan-
descent lamps. Many LM3914s can be “chained” to form
displays of 20 to over 100 segments. Both ends of the
_ voltage divider are externally available so that 2 dnvers
can be made mto 3 zeros center meter.

“The LM3914 is"verv easy 10 apply as anh analog meter ¥ iy
--circuit. A 1.2V full-scale meter reguires only 1 -resistor- .

. and a single 3V-to 15V supply in addition to-the 10
-display LEDs. If the 1 resistor is a pot, itibecomes the

- LED brightness tontrol. The simplified block' diagram
illustrates this extremely simple external circuitry.

When in the dot mode, there is a small-amount of

overlap or “fade’’ (about 1 mV) between segments. This
assures that at no time will-all LEDs be “OFF", and

“Industrial Blocks

thus any ambiguous 'displa.\} is avoidea._,Various .no;/‘el
displays are possible. .

Much of the dvsplay flembnlntv derives from the fact
that' all outputs are individual, DC regulated currents.
Various efiects can be achieved by moduiating these
currents..The individual outputs can drive a transistor as
weli'as a LED at the same time, so controller functions
including “'staging” control can be performed. The
LM3914 can also act as a programmer, or sequencer,

Features .

Drives LEDs, LCDs or vacuum fluorescents
Bar or dot display mode externally selectable by user
Expandable to displays of 100 steps
internal voltage reference from 1.2V to 12V
-Operates with single supply of less than 3V
Inputs operate down to ground
Output current programmable from 2 to 30 mA
No multiplex switching or interaction between ou'tputs'

outputs

® LED driver outputs are current‘regulaled open-

~collectors -
Qutputs can interface with TTL.or CMOS logic

referenced to a wide range of voltages

The 1M3914 is rated for operation from 0°C to +70°C.
The LM3914N is available in an 18-lead molded {N)
package and the L.M3914J comes in the 18- Iead ceramic
DIP:

~The following typical application illustrates adjusting of

the reference to a desired value, and proper grounding
for aceurate operation, and avoiding oscillations.

Input withstands +35V without damage or’ false |

The internal 10-step divider  is .floating.and can ‘be

Typical Applications

OV to 5V Bar Graph Meter

- A/
", 'r \ED '
) N v v v v v v (v Note 1., Grounding method is typical of
o | . - alt uses. The ‘2. 2 #F ‘tantalum or 10 uF
1w ;;nw aluminum el lytic cap is needed
o, X o
] . " " “ “ " " " if leads to the LED supply. ere 6" ‘or
. Jlonger. . . b e e s
S S - o
N LM3914 :
i nEF .
N v v Ro | lmo "Rw | our | ADJ ~_ MODE
RRARE B 3 [ 7 F In
L v sav-nuy *
T - "

ov-§Y
SIGNAL
SOURCE

. . R2
Ret Out V.= 125 (1 + ——-)
R1/ .

= -

|' . 2125
.LFD R1

1/73
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B ———
Absolute Maximum Ratings . o
Power Dissipation {Note 5) ' . Input Signal Overvolitage (Note 3} -t 138V

Ceramic DIP {J) w Divider Voltage -100mVito v*
Molded DIP {N) 625 mW Reference Load Current R 10 mA
Supply Voitage 25V Storage Temperature Range -:55?(: to +150°C
Voltage on Qutput Drivers . 25V Lead Temperature {Soldering, 10 seconds) 300°C
Electrical Characteristics note 1)
. PARAMETER : | CONDITIONS (Nots ) [ wn | rve | max | UNITS

COMPARATOR ' ) ‘ '

Offset Voltage, Buffer and First " OV <VRLO = VRHI <12V, 3 10 ),,’:_'nv

Comparator ILED = ' MA .

Otfsst Valtage, Butter and Any Othar OV < VRLO = VRHI < 12V, 3 15 ‘ . mv

Comparator ILED = 1 MA

Gain (AILED/AVIN) IC(REF) = 2 MA, I ED = 10mA 3 8 mA/mV

Input Bias Current {at Pin 5) oV vVl i0 50 nA

tnput Signat Overvoltage No Change in Display -35 35 ' : v

VOLTAGE-DIVIOER

Divider Resistance * i | 4 Total Pin 6104 ! 85 10 15 . 13

Accuracy - ~ (Nota'2) . 0.5 2 ' L3

VOLTAGE REFERENCE ———

Output Voltage 0.4 mA < I (REF) S 4 mA, 1.2 1.28 1.34 . . v

- vt e Vigp -5V . _. b T

Line Reguistion 3y v gey i A 0.01 003 |© 7w

Load Regulation 4 0.1 mA < I (REFHS4 MA, 04 2 . s %

vt =v{gp~ 8V '
© Output Voitage Change With 0°C < Ta < +70°C, IL(REF) =1 MA, ! 1 .. %

Temperature vesy

.Adiusl Pin Current <75 120 HA

OUTPUT DRIVERS

LED Current vt - VLED =SV ICIREF) = ¥ mA 7 10 13 . mA

'LED Current Difference (Betwoen VEED =5V, ILED =2 mA 0.12 LX)} . mA
' Largest and Smallest LED Currents} VEED ™SV, ILED = 20mA. 1.2 2 mA

LED Current Regulation VS VLep <17V gD = 2mA 0.1 0.25 mA

1ILED = 20 mA 1 3 mA

Oropout Voltage . . ) ILED(ON) = 20 mA, VED = 5V, . TERE - 2
: AlLED = 2mA i R
L . . i ] N “+ NI

Samrunon Voltaga. & . ILED = 2.0 MA, I (REF) = 0.4 mA 0.15 04 -« |- .- v

Qutput Leakage, Eu:h Collec(or  (Bar Mode} {Note &) 0.1

Qutput Lankago . {Ddt Mode) {Note 4)% :,. .~ o =B

Pins 10-18 : ’ 01 -
Pin1 0 o 1 eo0 150 | a0 o7 TV T pA
SUPPLY CURRENT ]
"~ Standby,Supply Current v* = 6V, I (REF) " 0.2 mA T ’ 24 42" .., mA -
~ (Al Outputs Oft) vt «20v, IL(REF) = 1.0 mA.. ; 8.1 9.2 I TRERA ‘ mA
_—
Note 1:  Unless olharwnu statad, all specifications apply with the following conditions: ; :
v 3Vpe s.v <20 Vpe ) VReE: VAHI. VRLO £ v -1, sv) A :
‘A 3 p . “ o t
' 13 vpe <Viep evt ov < Vni< vi=tsv - ' !
~0.016V < Vp 9 <£12Vpc ’ Ta =+25°C, 'L(REF) =0.2mA, VLED-SOV. plneconnamd ta plna (Ber Moda'
- Vi < <12V * e eed . o .
0.015Vi < Vg £12Vpe A, TR
For highsr power dissipations, pnlse tasting is used. : H
Note 2: . Accuracy is'measured referied 'to #10.000 VDC at pin 6, with 0.000 VDG et pind. Atlower 'ull-u:ale volmgu, buffer and comparatd
of fset/voliage may add signiticant error.
Note 3: Pin 6 Input current must be limited to +3 mA The addition of @ 38k rasistor in series with pin 5 allows z100V :Ignlh without damags-
Nots 4: Bar moda resuits when pin 9 is within 20 mV of v, Dot'mode resbits when pin 8 i§ pulled st lesst:200 mV below v* or teft ‘open clrcul'-
LED No. 10 (pin 10 butput current) is disabled if pin 3 is pulled 0.9V or more betow VED-
Note 83: The i junction peraturs of the LM3914 is 100°C. Davices must be derated for operation at elevated temperatures. Junctiod
to ambiant thermal resi is 75°C/W for the ceramic DIP (2 package) and 120°C/W for the molded DIP (N packags).
B
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- Other Applications !

Graduations can be added to dot displays. Dimly
light every other LED using a resistor to ground

10-step {or multiples} programmer ® Electronic “meter-relay”’—display could be circle or
\ semi-circle -

i- “staging”* controller: .
Multi-step or “staging™ contro e ® Moving “hole’’ dlsplay—lndlca(or LED is dark, rest of
Combined controller and ptocess deviation meter bar lit
Direction and rate indicator (to add to DV Ms)
‘Exclamation point display for‘p‘bwef saving

“Slow’’ — fade bar or dot display (doubles resolution)
20-step meter with single pot brightness control

Orives vacuum-fluorescent and LCDs using added
sive parts

’

(LOW END)

SIGNAL INPUT ——
5

DIVIDE

(HIGH END) — |

REFERENCE QUTPUT = £y EDNO.8 -

LEDNO.7

Qrder Number 3914J
See NS Package J18A -
Order Number L

fuiIMETNYNT
ARRINIUNIINGIAY
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Biock Diagram {Showing Simplest Application) - e S wmls e,
——— . —— ———— i — LED '
r yriy - -l W o
° l COMPARATOR® l Y "
10F 10 - v LR )
A ) 6 _ LR
' ; ) [ N
1Y <
| 3 et
| | Eh )
< H
& ~ !
' ! 3 : -
f r b !
| ) - o
)y
| S :
l . { Y ;
i . | "3 = : )
- =
il dl q i » .
.. | " .
REF REFERENCE < 15 b
OUT§ 7.0 4] « VOLTAGE +
SOURCE
orteadiiNes < | i 4 < : | v
LED y iy f R 0
BRIGHTNESS | b ‘
REFI : «,‘ l o i
. 4ADS 4 3 . 1k ;’ = b, :
—E¢——._ ) b \ :
]' . i1 iy L . . . T4
l 5 o B
5 RS SR
v'—¢ 3 Jk 3: ~ . l L - - ]
: & > - |
’ : : " . FROM S :
” | j v ' 3
l l ' CONTROLS
MODE TYPE OF
SELECT DISPLAY, BAR
AMPLIFIER OR SINGLE
LED
v‘>—¢]z N
= | =
!
’ |
L__.."___.___._.__..____.I |-
e

.
Functional Description

The| simplified LM3914 block diagram is_to give /the
general idea| of the circuit's operation. Auhigh [input
impedance buffer operates with signals from ground to
12V, and is protected against reverse and overvoltage
signals. The signal is then applied to 3 series of 10
comparators; each of which is biased to @ different
comparison leve! by the resistor string.

I the example illustrated, the resistor string is c‘;onnected
10 the internal 1.25V reference voltage in this case, for
each 125-mV that the input sighal increases, a com-
parator will switch on another indicating LED. This

resistoridividerfcan'be connected'between any. 2 voltages,

providing that they are 1.5V below v*-and no less than -

V7. If an|expanded scale meter display is desired, the
total divider voitage can be as fittle. as 200 mV. Ex-
.panded-scale meter displays are more accurate and the
segments light uniformly only if .bar mode is used. At
50 mV or-more per step, dot mode is usable. - .

internal Voltage Reference

The 'reference is designeéd'to be adjustable and.develops i
a nominal 1.25V between the REF OUT (pin 7) and
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Typical Performahce Characteristics

Supply Current vs '
Temperature -

.0 I I

"1 V(PN 0V
1} =

p vt et0v
‘58 = —_v_“ v
1. 1
54
I -

NOTE: REFERENCE LOAD
CURRENT * I mA

$1 }—

SUPPLY CURRENT (mA TO PIN D)
"
o

0 3 50 15
TEMPERATURE ( C)

Reference Adjust Pin
Current vs Temperature:

.
3
=
=
&
§ [
. ~y
I ou i
g .
80
<. N
] = =
2
= .
cEn +
v
=
3
Coo,-a7 0 28 S0, 15 jig0
' TEMPERATURE (‘C)
Input Curfent Beyond
Signal Range (Pin 5)
; 18
T
| vt = 20v e traer0eh] o
_ OIVIDEA V = 10V H
<
£ 08
o
=
&
« . 0 []
2
H
5 -
2
=
. -1 7

Total Divider Resisgance .
. vs Temperature :

\ .

2
Q
] .
~ o190
s Y
<
310
s .08 LM3918 /
= mvmiry
8
z 1M 4
5 A
2 1m
. e vl
= 100 == -
= N DIVIDER PARALLEL
2 om WITH STABLE
S % RESISTOA
0.88 ——t

25 o s’ w0
TEMPERATURE {C)

~115 100

{VULINIYEND LNINI

CGROPOUT VOLTAGE (v, ATWHICH LED

BIAS CURAENT {0A)

CURRENT HAS DECREASED 10%)

=
—
=
-
I3
«
>
o
=
w
-

"COMMOR-MQDE LIMLTS (v)

Operating Input Bias
Current vs Temperature

\\

-

9 25 50 15
TEMPERATURE-[ C}

LED Current-Regulation
Dropout

4

o8 Yo« 70°C 94

Ta+0¢—

P S 104 3 15 20 25
LED CURRENT (mA)}

LED'Currant vs
Reference Loading

0

b= .
g
i Ll

Ta=25°C

5 A

7

L]
@ 05 10 15 20 28 3.0 35 &0
REFERENCE LOAD CURRENT {mA)

Common-Mode Limits

v
-05
410 REFERRED TO.POSITIVE

: SUPPLY VOLTAGE

15 - k
=20

[-—— NEGATIVE COMMON-MODE —
LIMIT INCLUDES GROUND
L " L =

9 0 a 60 L
TEMPERATURE { C)

LED CURRENT (mA) SATURATION VOLTAGE {V AT LM1914 PINS) REFERENCE VOLTAGE (V)

OUTPUT CURRENT (mA}

129
128

127

1.9
14
12
1o

06
04
0.2

ns

ne

108

Reference Voltage vs
Temperature

o
}—— REF ADJUSTED TO 10V |

-’

REF ADJPIN GROUNDED R .

1A) IBV1T0A 30NFY 3430

9 25 s0 75
TEMPERATURE ( )

LED Driver Saturation
Voltage

T I ] I
REFERENCE LOAD-CURRENT « __|
. LEOCURRENT |- /

L — 7

Ta-10c /4

Yy
//J/.-oc

L7

s
=

Q 5 10 5 20 5

LED CUARENT (mA)

LED Oriver Current
Regulation .

| ! et

L — gy
gﬁm 10AD- 1 mA

-

{vw) 1438403 031

LEQ SUPPLY VOLTAGE (V)

Output Characteristics

vtesy

I
Ta=25°C \LL)

o
y |
y, R

1 s
400 uA

| R
REF) = 200 A :

02 da sl ea, e
QUTPUT VOLTAGE(V) |

-

'
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Functional Description (continueq)

REF ADJ (pin 8) terminals. The reference voltage is
impressed across program resistor R1 and, since the
voltage is constant, a constant current |q then flows
through the output set resistor -R2 giving an output
voltage of:

R2
VouT = VREF (1 + ;ﬁ) +1apy R2

. LM3914

REF AEF
ouvr__ ADJ

|
e

Since the 120 pA current (max) from the adjust terminal
represents an error term, the.reference was demgned to
minimize changes of this current with g
changes. ’.

Current Programming’

A feature not completely iilustrated by the block
diagram is the LED brightness control. The ‘current
drawn out of the reference voltage pin (pin 7). determines
LED current. Approximately 10 times,this current will
be drawn through each lighted LED, and this current
will be relatively constant despite supply woltage and
temperature changes. Current drawn by the internal-10-
resistor divider, as well as by the external current and
voltage-setting -divider should be included in calculating
LED drive current. The abllny to modulate LED
brightness with time, or in proportion to-input voltage

and other signals can lead to a number of novel displays  °

or ways of indicating input overvdltages, alarms, etc.
Mode Pin Use
Pin 9, the Mode Séléct input contrals chaining of muitiple

LM3914s, and'controls bar or dot mode operation. The
following tabulation_shows the basic ways of using this

input. Other more complex uses will be |Ilustrated in

the applications.

Bar Graph Display: Wire Mode Select {pin Qld/rectly o

to pin 3 {V* pin).

Dot Display, Singie LM3914 Driver: Leave the Mode
Select pin open circuit.

Dot;Display, 20 or More LEDs: Connect pin 9 of the
first driver.in the series (i.e., the one with the lowest
input voltage comparison points} to pin 1 of the next
higher LM3914 driver. Continue connecting pin 9 of
lower input drivers to:pin'l of higher input drivers for
30, 40, or more LED displays. The last tM3914 driver
in the chain will. have pin 9 wired to pin 11 Al
previous drivers should have-a.20k: resistor. in parallel
with LED No. 9 (pin 1V to V_ED).

and.loadw

Mode Pin Functional Description

This pin éctually performs two functions. Refer to the
simplified block diagram below. ’

Block Disgram of Mode Pin Function
- OUTPUTNO.D  OUTPUT NO.10
i . ‘ J
| . Iy
e

CONTROLLED DRIVE
{FROM COMPARATORS)

'quh 191 ber

Dot or Bar Mode Selection- .

The voltage at pin 9 is sensed by comparator C1, nom-
inally referenced to (V*—100 mV). The chip is in bar
mode when pin 9 Is above this level; otherwise it’s in
dot mode. The comparator is designed sg that pin 9
can be left open circuit for dot mode. .
Taking into account comparator gain and variation in
the 100 mV reference level, pin-9 should be no more
than 20 mV below V* for bar mode and more than
200 mV below V* (or open circuit) for dot mode. in
most applications, pin 9 is either open {(dot mode) or
tied. 10 'Vt (bar mode). In bar mode, pin 9 should be
connected directly to spin 3. Large currents drawn
from the power supply (LED current, for example)
should not share this path so that large IR drops are.
avoided.

‘Dot Mode Carry

In order for the display to make sense when multiple
LM3914s are cascaded in dot mode, special circuitry
has been included to shut off LED No. 10 of the first
device when LED No. 1 of the second device comes on.
The connection for cascading in dot mode has already
been descnbed and'is deplcted onthe followmg page,

As long as the mput slgnal voltage is below the threshold
of~the second LM3914, LED No- 11 is off. Pin 9 ‘of
LM3914 No. 1 thus. sees effectively an open circuit so:
the chip is in dot mode.- As /soon as the input voltage.
reaches the threshold of LED No. 11,/pin 9 of LM3914
N6 1 ds"pulled an UED rdropy(1.5Vbr more) below
v LED- This conditior_is sensed. by. comparator: C2, .
referenced 600 mV below Vi gp. This forces the output
of C2 low, which' shuts”oft output transistor 02 ex-
tinguishing LED No. 10,




A5 A Ultrasonic data for some liquids

Luquid H ) ( gc)s a/fz(secz/m) fzcxlo_
Mercury 19.8
ethyliodine 1.68
ethyl bromide 1.27
methyl iodine 1.90
methylene bromi 2.38
methylen chlorid 1.46
chloro benzene 1.43
nitro benzene 74 1.78
methy alcohol 30 0.89
benzyl alcohol 1.61
carbon tetrac 'f--'-'z—c----- 1.50
Water g 1.49
transformer oi 1425 1.28
benzene 1326/ 200 1.16

ﬂUEJ’J%QEWlﬁWEJ’m‘i

775

Qeﬁﬂﬂﬁﬂjﬁu IAINEAY

192 139
Toluene .15 1328 205

104-192 85

1.15

185



186

#15197 B Ultrasonic velocity and impedance data for some

solids

Velocity
solid —— 1 fc |Long x 10
Aluminium 16.9
copper . 41.8
. brass 36.1
nickel 49,5
crown glass 14.1
perspex 3.2
polystelene 2.3
rubber 1.4
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Wli'\\)ﬁ C - Velocity of propagation, characteristic

impedance, attenuation

ﬂ“fﬂf- sistic Attenuation

Material e (Rayls) (dB/cm) MHz
Air 1.7
Water 0.0021
Epoxy Resin 3
Normal Saline 0.002
Blood 0.1
Brain - 0.8-1.2
Breast .5-1.5
Fat .4-0.6

f ‘r; ‘i - ;
Kidney 1550 p— - 0 .8-1.2

AT T
Lens ) TN . 2
-'-— i

Liver % .8-1.2
Muscle 1.5-2.0
Spleen 1560 1. 61x10'6 .4
Testicle

ﬁ‘UEJ’NIEWﬁ%EJ’lﬂ'i s

Skull Bo 3600 5. 7x10 b
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