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Abstract
1

Multi-channe! power amplifier and surround sound processor are the critical
component of hometheatre system. The muiti-channel power amplifier will operate by
amplifying the audio signal in the ways that is the most similar to 'the signal source.
Additionally, it has other characteristics that are superior to the ordinary audio system. These
are: it has the channels that is adequate to work properly in audio-vision system; it has
enough power in responding to the signal that is wide-band dynamic range, especially for
amplifying very low frequency signal. On the other hand, surround spund processor will

respond to the whole system.
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National
Semiconductor
Corporation .. .

LF353 Wide Bandwidth Dual

JEET input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
cperational amplifiers with an internally timmed input offset
voitage (BI-FET !IT™™ technology). They require low supply

current yet maintain a large gain bandwidth product and fast’

slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overait performance
of existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rats and wide bandwidth. The devices also exhibit low
noise and offset voitage drift.

Features
u Internally timmed offset voitage 1
m Low input bias current
m Low input noise voltage
m Low input noise current 0.01 pA/;
m Wide gain bandwidth Y
# High slew rate “" 13V
m Low supply current

m High input impedance

= Low total harmonic distortion Ay =10,
AL=10k, Vo=20Vp—p, BW=20 Hz-20 kHz
Low 1/f noise comer

Fast settling time to 0.01 %

Typical Connection
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Connection Diagrams

Metal Can Pacdkage (Top View) -
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Order Number LF353H -
See NS Package Number H08C  ° *'4
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Order Number LF353J, LF353M or LF353N {
See NS Package Number JOBA, MOBA or NOSE. ‘
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> Maximum Ratings :

arospace specified devices are required, Storage Temperature Range —65°C to +150°C

; National Semiconductor Sales Office/ * t.ead Temp. (Scidering, 10 sec.) 260°C
for availabillty and specifications. Soldering infermation i
3 18V Dual-In-Line Package
inon (Note 1) Soldefing (10 sec.) 260°C
nperature Range 0°Cto +7¢C Small Cutline Package

150°C Vapor Phase (60 sec.) 215°C
volt ~30V Intrared (15 sec.) 220°C

’f“ oliage - See AN-450 “Surface Mounting Methods and Their Effect
Range {Nots 2} 15V on Product Reliability” for other methods of soldering sur-
Sircuit Duration Continuous face mount devices.

' ESD rating to be determined.

trical Characteristics (Note 4)

Parameter Conditions LF353 Units
Min Typ Max
i Input Offset Voitage Rg=10kQ, Ta=25°C 5 10 mv
E Over Temperature 13 mvV
Average TC of Input Offset Rg=10kQ 10 uVIC
Voltage
Input Offset Current Tl =25°C, (Notes 4, 5) 25 100 pA
Tj<70°C 4 nA
Input Bias Current T|=25°C, (Notes 4, 5) 50 200 pA
Tjs70°C , 8 nA
; Input Resistance Tj=25C 1012 . Q
! Large Signal Voltage Gain Vg= £15V, To=25C 25 100 vimv
{ Vo= 10V, R =2k
| Over Temperatura 15 v/mv
| Qutput Voitage Swing Vs= 115V, R =10k =12 +13.5 v
! Input Common-Mode Voitage . . . +15 v
' FAange Vs=£15V =1 -12 v
| Common-Mode Rejection Ratio Rg< 10k 70 100 d8
Supply Voltage Rejection Ratio {Note 6) 70 100 |, dB
| Supply Current 36 6.5 mA
strical Characteristics (Note 9
Parameter Conditions LF3s53 Units
Min Typ Max
Amplifier to Amplifier Coupling Ta=25C, {=1Hz—-20 kHz —120 dB
(Input Referred)
Slew Rate Vg= £15V, T4 =25°C 8.0 13 Vius
Gain Bandwidth Product Vg= 15V, Tp=25C 2.7 4 MHz
Equivalent Input Noise Voitage Ta=25°C, Rg=1001Q, - v
12 1000 Hz 25 nv/Hz
Eguivalent Input Noise Currant Tj=25"C, f=1000 Hz . 001 | pA/Fz
‘erating at elgvated temperatses, the device must be d based on & of 115°C/'W typ huncth m: forthe N ¢

B junction to ambient for the H package. -
* Stherwies specified the absouta maxdmum negative input voltage is el 10 the negatve power supply voltage.
wor dissipation lkmit, however, cannot be exceeded. e+ i
soecifications apply for Vg = £ 15V and 0°C<Ta< +70°C. Vos,lgmdbsmmoaandnvw-o

At tias currents are unction which app double for every 10°C i in the junc:i T; Due to the timited
' SMa, the input bias s to junction In normal ton the funct rises above the ambient
a-mmmmmmmPu,T,-rA+o.,‘Pom&,smmmmmmm&mu”oumw\ku
1nout bas cument is to be kept to & Minimum.

vortaga rejection ratio is measured for both supply magnitud X of g i
15V,

y in accordance with common practice.

£6edl
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1 Performance Characteristics (continued)

Jistortion vs Frequency
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;ation Hints (continued)

: the positive common-mede limit on a single input

-anga the phasé of the output; however, if both

:2¢d the limit, the output of the amplifier will be
1 high state.

‘ers will operate with 8 common-mode input volt-
‘o the positive supply; however, the gain band-
siew rate may be decreased in this condition.
negative common-mode voitage swings to within
#gative supply, an increase in input offset voitage

.ifier is individually biased by a zener reference
ws normal circuit operation on 6V power sup-
oly voltages less than these may resuit in lower
~idth and slew rate.

fiers will drive a 2 k0 load resistance to =10V
A temperature range of 0°C to + 70°C. If the am-
::ced to drive heavier load currents, however, an
7 input offset voltage may occur on the negative
ving and finally reach an active current limit on
ve and negative swings.

8 should be taken to ensure that the power sup-
tintegrated circuit never becomes reversed in po-
atthe unit is not inadvertently instailed backwards
it as an uniimited current surge through theresult-

ed Schematic

ing forward dicde within the IC could cause fusing of the
intarnal conductors ana resultin a destroyed unit.

Because these ampiifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lesd
dress. comosnent placement and stipply dacoupling in or-
der 10 ensure statility. For example, resistors from the out-
put to a2n input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing ths capacitarce from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The paraliel resistance and capaci-
tance from the input of the device (usuatly the inverting in-
put) to AC ground set the frequency of the pole. in many

. instances the frequency of this pole is much greater than

the expected 3 dB frequency of the closed loop gain and
consequantly there is negiigible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 d8 frequency a Ieid capacitor should
be placed from the output to the input &f the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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LFJovo

Typical Applications

GAIN (4B)

b2t 3
i
Three-Band Active Tone Control '.’:.l
800ST - CUT 25 3
005 .:‘_'_(
Bass e
sk X ’ - ?
h‘ l’“ 1 00k R =
M v Rt
=1
0.005 3
1 WDRANGE 33
< a3
16k 100k 36k
< \— AMA——g 3]
: 9.022 ot
p s
1.3% 500k . LB -
—————AAA———
t l I“-"“S' TREBLE i
O 0uT
20 L Titvarea [0 1T
15 NMITED AN LT
i it N T
w10 "fl N ’T-NIOTEII ";
it AN !
‘5 b
3 P_L A N “I ! \,\f
; Pan NI 1l
I R a4 AT
N AN T
-15 oA y {NOTE 34 a0
| YN T
.20 W L L
T (NOTE & T
Lil J{TILT 1
10 100 ik 10k " 100k
FREQUENCY (H2)
Nota 1: All controls flat,
Note 2 Sass and tredle boost, mic flat, ™
Note 3: Sass and treble cut, md flat, .
 Note 4: Mid boost, bass and treble flat,
Note 5 Mid cut, bass and tratle flat,
3

® All potentiomstars are inear taper
® Use the LF347 Quad for stereo appiications




-zal App!ications (Continued)
Improved CMRR Instrumentation Amplifier

SEPARATE
2R2
w22 ) =
R1 R4
777 and 2= are separats isolated grounds
Matching of R2's, R4's and R5's control CMRR
With Ay.p = 1400, resistor matching = 0.01%: CMRR = 136 dB

e Very high input impedance
e Super high CMRR

Fourth Order Low Pass Butterworth Fiiter

¢
o

VL
IR

* Corner tr Y (fe) = } '.l_- —1_—_ "_
J R1R2CCt 2n R1'R2'CC1 2r

Pastband gain (Hg) = (1 + R4/R3) (1 + REVAS) -

Tifst stage Q = 1.31

Second stage Q = 0.541

Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100
Ctfsat nulling necessary for accurats OC performancs

s o o o

TL/HIS'GAB—I 1

—_—

—— —_— —_—
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pplications (continueq)

improved CMRR Instrumentation Ampiitier
Vs

S
Yin

2R2
A LN
v (Fn ”)

777 wd %

<
-
<

.,

o——lllllsl——]»alllll—o

'
H
-
t
3
.

SEPARATE

RS
R4

are separate isolated grounds

Matching of R2's, R4's and RS’s control CMRR

With Ay = 1400, resistor matching = 0.01%: CMAR

=136 da

¢ Very high inout impedance

® Super high CMRR

Fourth Order Low Pass Butterworth Filter

[}
8

¥
v
L
260% 3 f
+ ar
a L5 WA
e 12 LFI8IN VWA
2
= - )
a1 v M
m v 100k
A — ook

frequency (f,) = / —“1 ° ’_ -
R1R2CcCt 2

“dgain (Hol = (1 + R4/R3) (1 + R4/RI)

ige Q=131
itage Q = 0.541

‘hown uses nearest 5% tolerance resistor valu

Jlling necsssary for accurate DC performance

/T 1
R1°'A2°CC1 F

tor a filter with a corner frequency of 100 Hz and 3 passband gain of 100

TL/H/S848-11

2-53
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LF353

Typical Applications (Continusd)
Fourth Order High Pass Butterworth Fiiter

—Ovour

XYy SN R A
4 VARG "27 ~ VRvAzGE 35
¢ Passband gain (Ho={t+R4/R3) {1+R4'/R3")
* First stage Q = 1.31
¢ Second stage Q = 0.541
* Circutt shown uses closest 5% tolerance resistor values for a filter with a comer frequency of 1 kHz and a Passoand gain of 10

¢ Comer fry

Ohms to Voits Converter

Voyr v

Crutuscats
4
1
vau
T .
anvgy
e84 1% N
-5V -
TL/H/S649-13 3|
. v ]
Vo - < Ry =¥
Ruccea

Where Riaccen i the resistanca fom switch S§1 ole 1o pin 7 of the LFIs3.

2-54 >
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EERELETE . te, ¥ ) 5 - T ‘v - F

TRAXSISTOR | OA | PACK-{ LEAD | veB | VCE MEB . . C- J T

wMBER | LT | AGE | INFO | ax | wAx Max HAX WX . P 70T | Mr

ac521 NS | TO92 | L15 | 45V | as5v | 8v |.100MA | 150C| G25MAF i 3goun 2MAl ALG [FCa| Eclosc| 2n930

BCs210. . NS-] 7092 | LEs (ff.6ov | 6Ov | BV [ 100Ma | .150C| S25MeF . . | 38CuK 2MA| ALG |FC3|-BC109C |. 2N220

£C5210 NS | TOS2 | Li1s 60v | 60v | ev | 1o0mA { 150C| 625w - soun |~ dwatagircs| i "

¥s522 ¢ ¥s | 1092 | L15 | 20v | 30v .| 8v | 100MA | -150C| G2tMmMF | . | 1s0mM | ~I2wajaLGlFcal sciosc

8c522C NS | To92 | LIS ov [ 3ov | av | 100MA | 150C| 625MWF 400MN | ‘4 2MA| ALG {FCB| BC10SC

8C5220 ns | 092 } LIS Jov | Jov | 8v | lcomMa | 150C | 625MwF - 750MM | - 2MAL ALG|FCB] BC10SC
. B:S22E ks | Teo2 | Lis sov | ov | ev | 100ma | 150C | -g25MaF 1200MW | "2MAlALGiFCAl T .

8523 NS | TO92 | LS 60V | 60V {12v { 100MA { 150C | 625MwF 180MN | “aMalALH|FCB| BC107B o
, 805228 NS | TO92 | LIS- | 6ov {.60v {12v | 100MA | 150C | 62cKwF K 180MN 2MAL ALH [FCS | BC1078 Z
¢ 80523C NS | To92 { Lis sov { sov {12v | 100MA | 150C | 625MmF . . |-3s0mn 2MA| ALH [FCB| 8C1078 -
’ ES - . 2

BC524 NS | TO92 | LIS 4sv | 4sv | 8v | 100MA | 150C| 625MMF 240M 2MA{ ALN [FCB] BC109C| 2N330 ~

©C5248 Ns | vos2 | uis 4sv | asv | av | 100MA | 150C | 625wMF 240uN | .Ml ALn[FCB| Bcl09 {-2n930

£C524C NS | 7092 | LIS 45V | 4SV | BV | 10ONA | 150C| G25MeF . .| 4scmMN 2ual ALN[FCB| BC109CT 24930

ocs2s PS | T092 | L1 ‘asv | asv | 6v | 100MA | 135C| 625mwF | 2c0M | SP | 10CWN 2ua| ALG[Fca| BC350A| 243905

£C526 PS | TO92 | L1S 60V | SGv | 6V | 200MA { 150C| 625wkF | 200M . SP | GOMN ‘A ALGIFCB| BC177 | 2nS40L

#5264 PS | TO92 | L15 sov | sov | 6v | 2coma | 150C| e2s5wwF | 200M | 5P [ 100Mn 2ual ALG {FCB |, 5C177 | 2nsd01

6C5263 PS | TO92 | LIS 6ov | sov | 6v | zooma | 150C| e2smwF | 200m | sp | 200un | -2walALGlFCE| 8C177 | 2N5401

scs26Cc 5 | Ps | TO92 | L1S sov | sov | ev | 200ma | 150c| e2smws | 2com | sP | 3soum 2ual ALG|FCB] BC3S528| 283906 !
acs27 ps | 1092 | LIS 60v | 6ov | 6v 1A | 150C | ‘625MWF . 115P [50/300 | 1somaj amGircB| .. =R

BCL27/6 Ps | Tos2 | L1s sov | 6ov | v 1A | 150C| f25MeF 15P [40/100 | 100MA| AMG|FCB -

8cs27/10 1 pS | TOS2 | LIS gcV | 6OV | 6V 1A | 150C| 625wwF 15P 1637160 | 100MA| aMG|FCB

8cs27/16 | PS | T092 | L1S 60V | 60V | 6V 1A | 150C| 625MwF .| 1P | 10cuN | 100MA| AMG{FCB

8528 PS | TO92 | L1S gov | 8ov | 6v 1A | 150C| 625MwF 159 [50/300 { 150Ma| AMKIFCB

8C528/6 PS | TO92 | L1S gov | sov | sv 1A | 1£0C| 625MwF 15 {40/100 | 150MA| AMH{FCB

8C528/10 | PS | TC92 | L15 gov | sov | v 1A | 150C| &25MwF 15P 161/160 | 1QOMAI ANH Fca

BCS28/16 | PS | TO92 | L1S 8ov | gov | &v 1A | 150C| 6&25mwF . | 15P | 100MN | 100MA| AMH|FCB . .

BCS29 PS | TO92 | L15 50V | JOV { 6V | 200MA . 625MwrF | 1008 | 12P {60/300 | SOMA] AMG|FCB| 9C178 | 2M2907A

BCS30, | PS | TCOZ | L15 | 130v 120v | 6V | 100MA |, 150C; 625MwF | 1COM| 6P {40/180 | 1OMAIALE|FCB| BFWA3 | 2N4358

BCS3: ¢ | ps | To92 | L1s | 160v fi1sov | 6v | loomA | 150C | 625wwF | 1ccu| 6P |60/240 | 1CMA{ ALE[FCE| BFW43 | 2N4358

BCS32 Ns | To92 | L1s ] 16ov [140v | sv | tooma | 135C| 625MwF | 1com| 6P [60/250 | 1OMAjALE|{FCB{ BFTS9 | 2N2896

8533 ws | tos2 | Lis f1sov |1sov | 6v [ toowa | 135C| 625uwF | 1oom| 6P [80/250%| 10MA[ ALE{FCB| BFTS9 | 2N2896

BC534 PS | T092 | L15 acv |-80v | 6V | SCOMA | 150C | 625uwF | 10cu | 6PS5 | SOMN | IOMA} Aum|FCB| 8C327 .

gcsss | us | toez | L1 gov.i sov | 6v.| sooma | “15cC| e2sumF | som| 6P SOMN | 10MA] AMM{FCB{ B8FR25 | 2N4330
100537 -7l RS | 7092 | 115 14 }. 150C| 625uwF .~ 4 157 [ 507300 | 150Ma| AMn|FCB| BC387 | 2M3551

+8C537/5 Ns | 7092 | L15°- : 1A | 150C | s25mmF = |-1sp 1407100 | 100Mal AMH|FC8] BCI8T | 285551

BCS37/10 | NS | T092 | L1s sov | sov | sv 1a | 150c| s25mwF 15P 1637160 | r00Mai amn[Fca| ecaa? | 2msssi
; BCS37/16 | NS | TO92'{ 115 | 60V | 60V | &V 1A |""150c| 625MwF 15P+] 100MN | 100Ma] AMH|FCE| BC387 | 245351
i 8csaa ws | 1092 | L1S gov | sov | ev A} 150C| &25MWF 15P | 50/3C0 | 150MA} AMHIFCB

8Cs33/6 - | NS.| T092 | 15 §OV | 80V | 6V 1A | 130C| e2suwF 15P {40/1C0 | 10GMA| AMH|FCB .t N

8c538/10 | ks |09z | v15 80V | 8GV | 6V 1A | 150c| e25mwF | . 15P | 637160 | 100MA| aum{FC3 .

“BC538/16 | NS | TCS2 | LIS sov | sov | ev 1A | ~i50C | 625uwF . | 15p | 10cMN | 100wA| aMKiFCB . ..

Bcsas - Tl ows | to92 | t14 Bov | 65v | 6v | looma | 150C| 3s00MwF | 2c0M | 4PS | 125MN zmA| awGimuB | 8c338 | 2wse1s

BCS46A NS | T092 | t1s {~eov | esv | 6v | 100Ma | 150C| SOCHWE | 15oM| . |- L1QMN zmaf aLh{vaL| BC30O | 2was10

BC5468 ns | 092§ Lis..} sov | es5v | ev | 100ma | 150C| soCaws | 1som| U 7| 200MH Eamaf ALk VALY -BC300 | 2NS351

BCS48V NS | TC92 | t74 sov | 5v | 6v | 100Ma | 150C |- SocMWR | 150M| 4P5-{75/150 | ,2MAl ALHISID| BCS33 | 2M6219
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‘ | Power Supplies
Modular AC/DC Power Supplies !

GENERAL DESCRIPTION GENERAL SPECIFICATIONS

Anatog Devices offers a broad line of moduiar acsde power Power Requirements \

supplies that provide both OEMs and designers a reliable, easy Input Voltage Range: 105V acto 125V ac

10 use, low-cost solution to their power fequirements. Models Frequency: 50Hz10250Hz

are available in PC mountable and chassis mountabie designs Electrical Specifications

with 5 volt to 15 volt (single, dual, triple) ourpurs and current Temperature Coefficient: 0.029%7C

ratings from 25mA to 3 amps. Since these modular supplies are Output Voltage Accuracy: :: 2%, max

fully cnapsula.ted, no trimming or external component selection . See Specification Table

is necessary; simply mount the unit, connect power and output Breakdown Voltage: 500V rms, min

leads, and vou’re on the air! Most Analog Devices’ power supplies Isolation Resistance: S0MO

are avail'ablc .from sxock‘in bOLh.largc and small q}xantitics with Short Circuit Protection: All ac/dc power supplies

substantial discounts being applied to largs quantity orders. cruploy current limiting. They

AC/DC POWER SUPPLY FEATURES can withstand substantial

¢ Current Limit-Short Circuit Protection qyerload including direct

® PC Mounted and Chassis Mounted Versions short. Prolonged operation

o Singie (+5V), Dual (x12V, =15V), and Triple should be avoided since.
(£15V/I+5V, =15V/+1V 10 + 15V) Qurput Supplies gXcessive lemperature nses

e Current Outputs: will occur.

25mA to 1000mA for Dual and Triple Output Supplies Environmental Requirements

250mA to 3000mA for Single Output Supplies Operating Temperature
e Wide Input Voltage Range Range: ~25°Cto +71°C
e Low Qutput Ripple and Noise Storage Temperature
e Excelient Line & Load Regutation Characteristics Range: -25°C10 +85°C
e High Temperature Stability
® Free-Air Convection Cooling; No External Heat Sink Required

SPECIFICATIONS ~Typical @ +25°C and 115V ac 60Hz unless otherwise noted*

COrutput Output LineReg. LoadReg. Output Ripple &
Voltage Current max max Voltage Noise Dimeasions
Type Model Volts mA % % Error max mY rms max Inches
904 =15 =50 0.02 0.02 =200mV 0.5 3.9x2.5x0.875
~0mV *
902 =18 =100 0.02 0.02 = 300mV 0.5 252284128
—-0m\
902.2  =1$ =100 0.02 0.02  <300mV 0.5 3,8%2.5x0.87%
Dual = 0mv-
Output 920 =18 =200 0.02 062 ﬁ\m\ 0.5 13,5425 %128
T 925 =18 =350 0.02 0.02 =1% 0.5 3.5x2.5x1.62
£ 921 =12 =240 0.02 0.02  +300mV 0.8 "35x2.9x1.28
E“ —0mV
T Singe 908 5 1000 0.02 005 =1% 1 3.5x2.5%1.28
E  Oupwm 922 s 2000 0.02 0.05  =1% 1 3.5x2.5% 162
3] 928 5 3000 0.03 010  =2% Swyp) 3.5%2.81.28
923 =18 =100 0.02 0.02 =1% 0.8 3.9%2.5%1.28
-8 500 0.02 0.05 =1% 0.5
. 927 =15 =150 0.02 002 =2% 0.5(yp)  3.5x2.5x1.62
Triple -5 1000 0.02 0.10 =% 1.0¢typ)
Output 2B3%) =15 =65 0.08 0.1  (-0,+300mV) 0.5 3.5%2.5x1.28
wlto 418" 125 0.08 0.1 0.25
2B3SK =18 =65 0.01 0.02 {=0.+300mV) 0.5 3.5%2.5% 1.2
—lro+18"r 12§ 0.01 0.02 0.25 .
952 =18 =100 0.08 0.05 =2% 1 44x2Tx1.4
Dual 970 =15 =200 0.05 005 =2% 1 44227x1L4
2 Ouput 973 =1 - =350 0.08 0.05 =2% 1 4.4>2.7%2.00
978 =15 =500 008 005 =% | 4.4x2.7x2.00
=  Single 955 5 1000 0.05 0.15 =2% 2 44K2,7x 144
.2 Output 976 ) 3000 0.08 0.10 =2% Stayp) 4.78%2.7x2.00
- 972 =18 =150 0.02 0.02 =2% 0.5(typ) | 4.75x2.7x1.48
©  Trple 48 300 0.02 0.10 '=2% 1.0(typ)
Output 974 =15 =150 0.02 0.02 =2% 0.51typ) 4.75%2.7x 1,48
i +3 1000 0.02 0.10 =2% * 1.0(typ)

*Consult Anaiog Devicm Power Supply Catalog for
*=Remstor programmable.

mibiect to change wnthout notice.
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Modular DC/DC Converters

GENERAL DESCRIPTION *

Anazlog Devices’ line of compact de/dg converters offer system
designers a means of supplying a reliable, easy to use, low-cost
solution to a variety of floating (analog and digital) power appli-
cations. These devices provide high accuracy, short circuit pro-
tected, regulated outputs with very low output noise and ripple
characreristics.

Fourteen models are offered in five power levels of 1 wart, I.8
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions
include 5 volt, 12 volt, 24 volt and 28 volit with output ranges as
follows: +5 volt, =12 volts and = 15 volts at = 60mA to 1000mA
output current capability.

Most models are high efficiency (typically over 60% at full load)
and feature complete 6-sided continuous shielding for EMURFI
protection. A w-type input filter is contained, in some models,
which virtually eliminates the effects of reflected input ripple
current. Most Analog Devices’ dc’de converters are available
from stock in both large and small quantities with substantial
discounts being applied to large quantity orders.

DC/DC POWER SUPPLY FEATURES
® [naudible (>20kHz) converter switching frequency
® Continuous, Six-Sided EMLRFI Shielding Except on 1 Wart
and 1.8 Watt Models
® Qurpur Short Circuit Protectibn (either outpur to common)
® Automatic Restart After Short Condition Removed
® Automatic Starting with Reverse Current [njected into
Outputs
® Low Qutput Ripple and Noise
& High Temperature Stability
@ Free Air Convection Cooling
No external heat sink or specification derating is
required over the operating temperature range.

GENERAL SPECIFICATIONS FOR 1W AND

1.8W MODELS

Line Regulation—full range: =0.3% (= 1% max, 949)

Load Regulation—no load to fulf load: =0.4% (=0.5% max,
949)

Output Noise and Ripple: 20mV p-p (with ISpF tantalum
capacitor across cach outpur) (2mV rms max, 949)

Breakdown Voltage: 300V dc min {500V dc min, 949)

Input Filter Type: w

Operating Temperature Range: —25°C to +71°C

Storage Temperature Range: —40°C to + 125°C (+ 100°C, 949) :

Fusing: If input fusing is desifed, we recommend the use of a
slow blow type fuse that is rated at 150%~200% of the
dc/de converter’s full load input current.

GENERAL SPECIFICATIONS FOR 4.5W, 6W,
12W MODELS
Line Regulation—full range: =0.07% max (=0.02% max, 951,
960 series) (=0.1% max, 943)
Load Regulation-no load to full load: £0.07% max (=0.02%
max, 951, 960 series) (=0.1% max, 943)
Output Noise and Ripple: ImV rms max
Breakdown Voltage: 500V dc min
Input Filter Tvpe:
Operating Temperacure Range: ~25°C to +71°C
Storage Temperature Range: - 40°C to +125°C
Fusing: If input fusing is desired, we recommend the use of a
slow blow type fuse that is rated at 150%~200% of the
dc/dc converter’s full load input current.

n
)

SPECIFICATIONS - Typical @ +25°C at nominal input voltage unless otherwise noted*

Input!

Output  Output  Input  Voltage Input Output  Temperacture Efficiency

Voitage Current Voltagzs Range Current  Voltage Coeflicient FullLoad Dimensions
Model Volts mA Volts Voits FullLoad Errormax *C max min Inches
943 S 1000 b 4.75/5.25 1.52A =1% =0.02% 62% 2.0x2.0x0.38
958 S 100 5 4.5/5.5 200mA =5% =0.01%(typ) -~ 50% 1.25x0.8x 0.4
941 =12 =150 b 4.75/5.25 L.17A =1% =0.01% 58% 2.0x2.0x0.38
960 =12 =40 S 4.5/5.5 384mA =5% =0.01%(typ) 50% 1.25x0.8x 0.4
962 =15 =33 b 4.5/5.5 396mA =5% =0.01%(typ) 5G% 1.25x0.8x 0.4
964 =15 =33 19 10.8/13.2 165SmA =5% =0.01%(typ) 50% 1.25x0.8x0.4
965 =15 =190 b 4.65/5.5 1.7A =1% =0.005% (ryp) 62%(ryp} 2.0x2.0x0.38
966 =15 =190 12 1L.2713.2 710mA =1% =0.005%(typsy  62%(typ) 2.0x2.0x0.38
967 =15 =190 24 22.3/26.4 350mA =1% =0.005% (typ) 62%(typ) 2.0x2.0x0.38
949 =15 =60 5 4.65/5.5 0.6A =2% 20.03% 58% 2.0x1.0x0.375
940 =15 =150 5 4.75/5.25 1.35A =1% =3.01% 62% 2.0x2.0x0.38
953 =1s =150 12 1713 0.6A =0.5% =9.01% 62% 2.0x2.0x0.38
945 =15 =150 28 23131 250mA =0.5% =0.01% 61% 2.0x2.0x0.33
951 =15 =410 s 4.65/5.5 3.7A =0.5% =0.01% 62°% 3.5x2.5x0.88
NOTES

' Models 940 and 941 sl 2eliver up to 120mA output current(and mode) 943 will deliver up t0 600mA overan inpus voltage range oi 4.65V dcand 5.5V de.

*Consuit Anzlog Devices Power Supply Catalog for additional information.

**Singic-ended or unbal 5p ble such that tocai output curreat koad does not excosa a total of 120mA.

Speaiiicanons subsect to change without nodce.
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The General Electric D42C is a red, silicone plastic encapsulated, power
transistor designed for various specific and general purpose applications, )
such as: output and driver stages of amplifiers operating at frequencies :
from DC to greater than 1.0 ‘MHz ; series, shunt and switching regulators;
low and high frequency inverters/converters; and many others.
FEATURING: . ‘
e High free-air power dissipation v
® NPN complement to D43C PNP / v
® Red for NPN, green for PNP [
e Very low collector saturation voltage (0.5V typ. @ 3.0A Lc)
@ Excellent linearity
® Fast switching Red .
@ Hard solder mountdown
Leads Can Be Formed Ta Fit
70-65 & 70-5 Outtiges
absolute maximum ratings: (25° C) (unless otherwise specified) '
D42C1 (1) D42C4 D42C7
D42C2 D42C5 -D42C8 D42C10
D42C3 D42C6 "D42C9 D42C11
Voltages —_—
Collector to Emitter Vero 30 45 60 80 Volts
Emitter to Base Vzso 5 5 5 5 Volts
Collector to Emitter Vees 40 55 70 90 Volts
Current(2) <
Collector (Continuous) Ic ——————— 3 Amps
Collector (Peak) — 5 — Amps
Power Dissipation(®)
Tab at 25°C Pr —_— 125 — Watts
Tab at 70°C -—_ 80 0 Watts
Free Air at 25°C - —_— 21 - — Watts
Free Air at 50°C —_— L7 — Watts
Thermal Resistance (3} R
Junction to Case o3¢ — 10 °C/W
Junction to Ambient Resa
With Tab -_—— 60 * — °C/W
Without Tab -— 80 — °C/W
Temperature(3)
QOperating T: «—— o 55 to 150 > °C
Storage Taro ———— —55 to +150 °C
Lead Soldering, ¥is” + %2” from
case for 10 seconds max. Te —_— 4260 — °C
NOTES:
The last digit is a part number which designates a voitage grade and an bry level. Tab and lead forming is specified by a letter after this digit.
) Please refer to the safe region of operation curves for more information.
3Tab tempernture is measured on center of tab, 144” from plastic body.
electrical characteristics: (25°C) (unless otherwise specified)
D42C2 D42C1
D42C3 D42C5 D42<4
D42C6 . D42C8 D42C7
D42C9 042C11 D42C10
. Min. Max. Min. Max. Min. |
Forward Current Transfer Ratio '
(Ves = 1V, Ic = 0.24) hrs 40 —_ 40 120 25 |
(Ven =1V, Ic = 24) hra 20 — — - — :
(Vaa =1V, e =1A) hrs —_ —_ 20 —_ 10

SRR



Electrical CHaracteristics (Continued)

Collector to Emitter
Sustaining Voltageld!

an. Max. e
30 — Volts
45 —_ Volts
60 —_ Volts
80 - Volts
— 0.5 Volt
- 0.5 Volt
— 1.3 Volts
- 10 BA
—_— 100 pA
L 100 pF
Typ. ‘
50 MHz |
100 nsec
500 nsec
75 nsec
1
[F 3 — Y
RE | ——
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{Ic = 100 mA) D42C1, 2,3 Vceo wow
D42C4, 5,6
D42C7,8,9
D42C10,11
Collector Saturation Voltage
(Ie = 14,1 = 50 mA) D42C2,3,5,5,8,9,11 Ver can
(Ic = 1A, Is = 100 mA)D42C1,4,7,10 Ver cam
Base Saturation Voltage
(Ic = 14A,Is =100 mA) Ve cam
Collector Cutoff Current
(Ver = Rated Vess, Ts = 25°C) Ices
Emitter Cutoff Current
(Ves = 5V, T; = 25°C) Ieso
Collector Capacitance
(Ves = 10V, £ =1 MHz) Cero
Gain Bandwidth Product
(Vc: = 4V, Ic =20 mA) f.
Switching Times
Rise Time and Delay Time
(Ic=1A, Is1 = 0.1A) te + tr
Storage Time
(Ic = 1A, Ipy = Is2 = 0.1A) t.
Fall Time
(Ic = 14, Isi = Is: = 0.1A) te
NOTE:
1 Pylsed x}féasuremer;t. 300 usec pulse width, duty cycle =2%.
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SAFE REGION OF OPERATION
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1 N400 1‘ thru 1 N4007

\

\-/ catrose Surmetic rectifiers, subminia

ture size, axial lead

mounted rectifiers for general purpose low-power ap-

CASE 59 plications.
(DO-41)

MAXIMUM RATINGS

‘ BREEBEEEER
Rating symbol | S| S| S| 2|8 1 2 S| Unit
| 2| 2| 2| z1z| 2 \ = | ‘
e i B e = I B
- H T ] ]
Peak Repetitive Reverse Voltage VRM(rep) \‘ \ “ E
i v 00 | 200 | 400 | 600 | 800 0] Vi
Working Peak Reverse Voitage RM(wkg) 50 | 100 \ 00 | 1C0 olts
DC Blocking Voltage Ve \ |
Non-Repetitive Peak Reverse Voltage 0 l
(halfwave, single phase, 60 Hz peak) Vl@h\rt(non—r&p) 75 | 15 300 l 600 | 900 |1200}1500 Volts
RMS Reverse Voltage Vr a5 \ 70 ! 140 ‘l 280 \420 560 | 700 Volt:]
Averige Rectiiied Forward Current .
(single phase, resistive load, IO 1.0 Amp
60 Hz, see Figure §, T, = 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 .55 o
Temperature Range Ty Tst.g 5to +173 ¢
ELECTRICAL CHARACTERISTICS
\ Characteristic. and Conditions { Symbol ‘ Max Unit
l Maximum [nstantaneous Forward Voltage Drop \ VF l Volts
‘ UF =1,0Amp. Ty = 25°C) Figure 1 | 1.1
!
Maximum Full-Cycie Average Forward Voltage Drop ! VF( AV Voits
(Ig=1.0Amp Ty = 75°C. 1 inch leads) i 0.8
r.\daximum Reverse Current (rated dc voltage) TJ = 25°C i IR 0.01 mA
TJ = 100°C | 0.05
‘ Maximum Full-Cycle Ave;age Reverse Current ! IRLAV) il ‘ mA
!

\ (g = 1.0 Amp. Ty = 75°C. 1 inch leads)




1N4001 thru TN4007 (continued)

MECHANICAL CHARACTERISTICS -

CASE: Void free, Transfer Molded

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, %" from
case for 10 seconds at 5 Ibs. tension

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable
POLARITY: Cathode indicated by color band
WEIGHT: 0.40 Grams (approximately)

FIGURE 1 — FORWARD YOLTAGE FIGURE Z — MAXIMUM SURGE CAPABILITY
E L 5 B O~ 10— —
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S ! LM T 2 FANAWAN p T
T,= 25 Pzl E O T enee —H
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l ; 77 3 di 11y LOAD CONDITIONS L]
. ] P i 5 ! N’J_ Vaseireg) APPLIED AFTER SURGE
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z 20 7 : + v 4 ! Loao ceaoimons
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FIGURE 4 — TYPICAL TRANSIENT THERMAL RESISTANCE
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FOR w4y VALUES AT PULSE WIDTHS LESS THAN 3.0 ms, THE ABOVE CURVE
CAN BE EXTRAPOLATED DOWN TO 10 ns AT A CONTINUING 5LCPE OF 1,2




IN4001 thru 1N4007 (continued)

1. FORWARD CURRENT (AMP)

16(a-g), AVERAGE FORWARD CURREN] (AP)

31, TMERMAL RESISTANCE, JUNCTIDN-TO-LEAD (°C/W)

CURRENT DERATING DATA

FIGURE § — LEAD TEMPERATURE DERATING {OC ONLY)

FIGURE & — RESISTIVE,INDUCTIVE LOADS

80 40
] £
H ~
so—ISG - £ 10 I~
L=1/32" -
\ . Z \ L fam 60 Hz
N 3 - \ L= N
4.0 \‘\ \\ § 20 ~— \ \\
L= 318' \ g \‘ \%\r‘\\\\\\
h = P Loz
e R T
. = — :' ' b \
o ) ~\
9 h 0
] 0 40 &0 80 100 120 140 160 180 200 20 Lh] 60 ‘60 100 120 140 80 130 200
Ty, LEAD TEMPERATURE {*C} Te. LEAD TEMPERATURE (°0)
FIGURE 7 — CAPACITIVE LOADS NOTES
20
NOTE 1
Data snown for thermai resistance junction-to-ambient lﬁ,.) for tnn mm.mtmu
{ =60 Hz thown 18 19 De usad 33 Typical guideline vatues for prefi Y engl g or in
L5 P case the tie paint temperature cannat be measured.
\Q\l, =101l TYPI(E.\I. YALUES FOR #,, [N STILL AIR
] TL! [t 1. [
. — L=t ; o e I St
Lk ~J b terMINAL STRIP
P——d N ?.L. 0ARD TR T T3
" s < MOUNTIKG METHGO 1 MOUNTING METHOO 2 !
| T N
05t m 3= = — S MOURTING | LEAD LENGTH.LUNY |
R/ b= Bk METHO [1737 [ 378 | 1 "
T 1 — | 75 | & [‘Cw
' ‘ 2 55 12 85 |'C/W
0 20 4 6 80 100 120 140 160 © 180 200 *Using Mounting Method ! or 2 with & m 1 the curve marked * in Figure

Ty, LEAD TEMPERATURE (*0)

FIGURE 8 — STEADY-STATE THERMAL RESISTANCE
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6 can be usad for 60 Hz half-wave resistive/inductive load (Rating vs.
Ambient Temperature). The adsclssa of Figure 6 then indicates T, in °C.

NOTE 2
2

P
- ’ DUTY CYCLE D = 1,8,
= t, = PEAX POWER, P,;, is peak of an
-— d =—TIME  equivatent square pawer purse.
——t 1_._—,'
To ! o ¢ of the diods in a

given situation. the follomng procedurc is recommanded:

The temoerature of the lead snauld be measured using a thermacouole placed
on the iead 33 close zs pessidle ta the tie point. The thermal mass connected to
the tie posat 13 nocmatly Large enough so that it will not sigmificantly respend to
heat swrges generated m the diode as a resuit of puised operation ance stesdy
state conditions are achieved. Using the measured vatue of T, the junction
temperatwre may be determned by:

Ty=To+ &l
where ., T is the increase in junction temoerature above the lead lemperature.
1t may be determunea by:
Jia=Pa { Anrmy* 3541 =00 By ot ~ Ay ~ Aoty l
T where i iqy = vaive of tranwent thermal resistance at ime L ie:
Daigryergy =vana et Gy ttime, 4o,
B0, = «tioe of Ay at end of pulse width e,
Faasny = vasue et Fyyqr At lime g

~
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1N4001 thru TN400Q7 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 9 — FORWARD RECOVERY TIME FiGURE 1U—REVER§E RECOYERY TIME
20
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FIGURE 11 — RECTIFICATION WAVEFORM EFFICIENCY FIGURE 12— lU;{CTlON CAPACITANCE
10 TTTITE T r 100 e ———
T 8 17 - i -
GATA HORMALIZED — b I Nt TS
0.7 T0 1.0 WHz YALUE =T—L-D3 - 50 f——— - T L1
RN ] j —7 — : SN Ty T
T R | | e e Tt
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FIGURE 13 — SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT V:; .
- - cigre I 100% oo l00n wE% @ T
AT . p-
f S R ¢
B3 Yo . =
) For 4 square wave input of ampitede Yo B gow- 0% @
- _the elficiency factor becomes: _ .. {square) _E:. .
Ry
G . (A full wave circt has teice these efficiencies
mT::: uf:!cll(lclnoll efficiency factar o shown m Figure 11 was catculated uming the As the frecuency of the gt SIgnat 13 ncreased. the reverse recavery time of the dace
¥ ido) tFigure 1) decomes sigmficant resuiting T an mereasing a vortage across
= oyl Ry winch 13 coocwite 1 polarty 10 the forward current. thecedy teducing the value of the
e ST ,R‘ Jioom - =19 jgox e ffiwend factor . &3 snown g Figue 11 .
Pim  gimy Vioua - ¥older 1t should e emphasizzd that Fogura 11 shaws wavetarn efficioncy eal: it dues ot
R peovide 2 mexsare of diede sesset Data was ootained by measunng the ctununrm¢ f :n(:
For 2 e wave 1nput V., in /o8 to the dicde, assumed lossiess. the mazimum theoreucal Yo with 3 troe MES XC r and the 6¢ COmp with 3 dc - ata w:
efficsency factor becomes. used in Equaton i 0 cbtaus pouts for Figure 11

in4057, A ey 1n4085, A

For Specifications, See 1N429 Data.
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TOSHIBA

262,144 WORD X 1BIT DYNAMIC RAM . TVIM4 | 256C- | 2
N-CHANNEL SILICON GATE MOS TMM4 = 2560- l 5

* This is sdivance information snd spacificrtions
sre subject to change without notics.
NESCRIPTION
The TMM41256C is the new generation dynamic 41256C to be packaged in a standard 16 pin ceramic
RAM organized 262,144 words by 1 bit, it is successor DIP. This package size provides high system bit

1o the industry standard TMM4164P. densities and is compatible with widely available
The TMMA1288C utilizes TOSHIBA's N-channel autamated testing and ingertion equicment.
Silicon gate process technology as well as advanced System oriantea features inciude 5ING & SOwEr
circuit techniaues to provide wide operating margins, supply of 5V *10% toierance, direst interfacing
poth internaily and to the system user. capability with high performance logic families such
Muitipiexed address inputs permit the TMM- as Schottky TTL.
FEATURES
e 262,144 words by 1 bit organization e Incdustry standard 15 pin ceramic DIP
e Fast access time and cycle time e Ouiput unlatched at cycle erd ailows twe-dimen-
e DEVICE wac | wac | tac sional chip seiection
TMM41256C-12 120ns ; 60ns 220 ns e Common I/O capability using “EARLY WRITE"
TMMAa1256C15 | 150ns | 75ns 260 ns operation

o Read-Modify-Write, RAS-only refresh, Hidcen
refresh, and Page Mode capability.

e All inputs and cutput TTL compatible

e 256 refresh cycles/4ms

o Single power suoply of 5V +10% with a built-in
Vgg generator
e Low Power:
330mW Operating {IMAX.} (TMM41256C-12}
275mW Operating (MAX.} {TMM41256C-15)
27.5mW Standby (Max.)

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM o Vee

-0V s

As (] 165Vss WRITE :ATA N O
| auFFER
N 2 1S 3 CAS H
WRITE ‘3 14 {1 OguT TAS o-e] NO.2CLOCK i OATA OUT | SouTt
RAS 4 13{JA¢ GENERATOR Hbe BUFFER |
AlT] S 120042 1 ’
A0 s 1A COLUMN i
=i 10{] As Ag O] ADDRESS v i
Ve i o 1 AUFFERS (9] ci0 1 :&;‘UMN %
c ] F] 7 Ay :j " pal OOER H
. Aq R A R SO,
Ay o—a{ 1024
PIN NAMES s F !
H - A SENSE AMP -
| Ao ~Ay i Address Inputs A’ 1/0 GATING  f=
i CAS , Column Address Strobe s T
Aq v [~ J
Din Data In As AOW - c .
Data Out AOORESS 1024 |
Dour ata O suFreas (o | 18] 28
RAS Row Address Strobe 7 3%~ MEMORY
WRITE I Read/Write Input _ 011256 | aamav
: - RAS NO. 1 cLock
i Vec i Power (+5V) GgN‘ERATOH °
i Vss i Ground S




ABSOLUTE MAXIMUM RATINGS

UNITS

Output “L* Level Voltage (loyt = 4.2mA)

i ITEM SYMBOL RATING NOTES
Input and Output Voltage Vin.VouTt -1~7 v 1
Powes Supply Voltage Vee i ~1~7 v 1
Operating Temperature ! ToPR i 0~70 °c i
Storage Temperature | Tst6 i —55 ~ 150 °c ! 1
Soidering Temperature - Time : TsoLDER 250 - 10 °C - sec 1 !
oowg Dissipation i Po 1 W 1 !
Short Circuit Output Current { louT i 50 mA, | 1 J

RECOMMFNDED DC OPERATING CONDITIONS {Ta=0~ 70°C)

“symgoL T PARAMETER N T oAvE T T aax, | uNITS NOTES
Vee Supply Voltage o ; 4.5 i 5.0 L 2 .
ViH i Input High Voitage : 24 ! 2 |
ViL Inout Low Voitage ¥ -1.0 ) 2 “.

DC ELECTRICAL CHARACTERISTICS (Vcc = 5V +10%, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES |

: OPERATING CURRENT T IMMa1256C-12 60 | ; '
lech Average Power Supply Operating Current ~ ; . mA 3.4 !
. (KAZ. CAS Cyeling: tac = tac MIN.) j TMM41256C-15 50 | b
i STANDBY CURRENT : : !
lec2 : " Povser Sucply Standby Current 5 mA ‘ !
. {RAS = CAS = Vi) i i
REFRESH CURRENT T TMM41266C-12 45 : ; 1
\lcca Average Power Sucply Current, Refresh Mode  + i mA ] 3
| (RAS Cvciing, CAS = Vi : tac = tac MIN.) [ TMM41286C-15 0 |
PAGE MODE CURRENT . i i
TMM41256C-1 4 :
tcca Average Power Supply Current, Page Mode ! 6C-12 5 —d4 mA | 3.4
! (RAS = V. TAS Cycling : tee = tpc MIN.) i TMM41286C-15 40 i l
" INPUT LEAKAGE CURRENT | ! -
Wy Input Leakage Current, any input {(OV SVin £6.5V. | -~ 10 A, ;
. All Other Pins Not Under Test = OV) i |
OUTPUT LEAKAGE CURRENT :
-1 1 A H
fows {OpyrT is disabled, oV § Vourt < +5.5V) 0 0 H H
i OUTPUT LEVEL
VoH i Qutput “H" Level Voltage (loyt = —5mA) 24 M i
h H ¥ |
Yoo }l OUTPUT LEVEL 0.4 v i




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

{Vee = 5V £10%, Ta= 0 ~ 70°C) (Notes 5, 6, 7) .
!iSYMBOL PARAMETER TMMA41256C-12 TMMA1256C 15 UNITS NOTES !
| MIN. MAX. MiIN, MAX. |
| tac | Random Read or Write Cycle Time 220 - 260 - ns A
{IRWC | Read-Wrize Cycle Time 240 - 285 - ns | i
U tRmw Read-Modify-Write Cycle Time 260 - 310 — ns
1 tee Page Mode Cycle Time - 120 - 145 - ns
[Ttaac T Access Time from RAS - 120 - 150" ns 8.10
- Access TiTz irom CAS - 60 + - 75 ns 9,16 !
" tofF i Output Buffer Turn-Off Delay ] 0 35 i 0 40 a3 13
r ' Transition Time {Rise and Fall) : 3 80 3 50 ns [<]
. 1ap { RASPracrarge Time H 90 - 10 - ns
| tRas | RAS Pulse Width [ 120 110000 { 150 1 10000 i ns .
| tasH i RAS Hold Time e | - 15 1 - "4 ms |
i icsH CAS Fzi Time {120 ~ 10 | - i ms 1
| tcas i CAS Pulse Width 60 10000 « 75 { 10000 ;| ns i
. tRaco - BAS 1o TS Delay Time 25 66 , 25 | 75 ns 1 13
i tcre i TAS to RAS Precharge Time | 0 - . o | - i ns .
PN | CAS Precharge Time | 25 - i 25 - [ ns ,
| tep i CAS Precharge Time (éc\);; !I:a(g)en :\c;)de 50 | - ! 60 _ I} ns :
. 1asR ' Row Address Set-Uo Time 0 = ! 0 ] - ©ooons i !
' 1RAK ! Row Address Hold Time 15 - 15 T - : ns J
tASC ! Column Address Set-Up Time 0 - : o - i ns !
1cAH 1 Column Adgcress Hold Time 3% ;7 - 1 4 - ns
[
| AR Colu;n;el::!:;e;s‘:old Time as _ ' 120 _ ns i
1RCS Read Command Set-Up Time 0 - ! 0 = ns !
tRCH ReadRCommand Hold Time 0 _ i 0 _ ns 12 '
eferenced to TAS { 1
N ' i
g 1o TS R . N R B
twewH ! Write Command Hold Time 35 - | 45 i - ns !
twe | Write Command Pulse Width 35 - i 45 - ns :
tRWL ! Write Command to RAS Lead Time 35 - | 45 - ns }
towt | Write Command to CAS Lead Time 35 - I 45 - ns :
tos i Data-in Set-Up Time 0 - ! 0 -, ns 14 3
o4 ' Data-In Hold Time 35 - 45 - ns 14
1REF Refresh Period - 4 - A ms _____/‘l
twes® Write Command Set-Up Time -10 - ' -0 - ns 15 4
towd | CAS 10 WRITE Delay 40 - | =0 - ns 15 2
tawg | RAS to WRITE Delay 100 - 1 125 - ns 18 _J
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CAPACITANCE

(Vec = 5V £10%, f = IMHz, Ta = 0 ~ 70°C)

L]
r SYMBOL PARAMETER MiIN. MAX, UNITS
Cit Input Capacitance (Ag ~ Aq, Din) 6 pF
Ciz ;  Input Capacitance (RAS, &AS, NATTE) ) 7 oF
Co ' Qutout Capacitance (Opyt) ) ] 7 pF
NOTES:

1.

No v e w

10.
1.

12,
13

14,

Stresses greater than those listed under “Absolute Maximum Ratings’* may cause permanent Bamage to the devics.

All voltages are referenced to Vgs.

lcct. leca. Icca depend on cycle rate,

f2c1. leca depend o cutput loading. Specified values are obtained with tha output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before proper device cperation is achieved.
AC measurements assume tT = 5 ns,

Vi (min.) and Vji_ {max.) are reference levels for measuring timing of input signals. Also; transition tisnes are measured bae-

. ween Vi and V.

Assumes that taep S trep (max.). If trep is greater than the maximum recommended value shown in this table, taac will
increase by the amount that trcp exceeds the value shown,

Assumes that tacp & tacp Imax.)

Measured with a load equivatent to 2 TTL loads and 100pF

torF {max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.

Either tacy Of tapy must be satistied for a read cycle.

Operation within the tacp {max.} limit insures that tRAC {max.) can be met. tacp (max.) is specified 33 a reference point
only: Hf tacp is greater than the specified taco (max.) timit, then access time is controlied exclusively by tcac.

Thesg parameters are referenced to AT leading edge in early write cycles and to WRITE leading edge in read-writa or read-
maodify-write cycles.

twcs. tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If twes 2 twes (min.), the cycle is an early write cycle and the data out pin will resain open circriit (high impedance)
throughout the entire cycle; If tewp 2 tcwp (min.) and tawp 2 tawp (min.}, the cycle is 3 read-write cycle or read-modify-
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied,
the condition of the data out (at access time) is indeterminate,
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APPLICATION INFORMATION

ADDRESSING
The 18 address bits required to decode 1 of she

262,144 cell locations within the TMM41266C are
multiplexed onto the 9 address inputs and latched
into the on-chip address latches by externally applying
two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS),
latches the 8 row address bits into the chip. The
second clock, the Column Address Strobe (CAS),
subsequently latches the 9 column address bits into
the chip. -Each of these signals, BAS and CAS,
triggers a sequence of events which are controlled
by different delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address muitiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited unit! the occurrence of a
delayed signal derived from the RAS clock chain.
This “‘gated CAS " feature allows the CAS clock 10 be
externally activated as soon as the Row Address
Hold Time soecification (tran) has been satisfied
and the address inputs have been changed from Row
address to Column address information. -

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched
into an- on—éhip register by a combination of WRITE
and CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is
the strobe for the Data in (D) register. This permits
several options‘in the write cycle timing. [n a write
cycle, if the WRITE input is brought low (active)
prior to m, the Dy is strobed by CAS and the
set-up and hold times are referenced to CAS. If
the input data is not available at CAS time or if it
is desired that the cycte be a read-write cycle, the
WRITE signal will be delayed until after CAS has

made its negative transition. [n this “delayed write
cycle” the data input set-up and hold times are re-
ferenced to the negative edge of WRITE rather
than CAS. (Toillustrate this feature, Dy is referenced
to WRITE in the timing diagrams depicting the *
read-write and page mbde write cycles while the
“early write” cycle diagram shows Din referenced
to CAS).

Data is retrieved from the memory in a read
cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycls
in which CAS is active’ {low). Data read from the
selected cell will be avaiiable at the output within
the specified access time.

DATA QUTPUT CONTROL

The normal condition of the Data Output (DoyT)
of the TMM412E6C is the high impedance (ogen
circuit) state. This is to say, anytime CAS is at a
high level, the Doyt pin will be floating. The only
time the output will turn on and contain either a
logic O or logic 1 is at access time during a read cycle.
Doyt will remain valid from access time until CAS
is taken back to the inactive {high level) condition.
PAGE MODE

The ‘Page-Mode” feature of the TMM41256C
allows for successive memory operations at multiple
column locations of. the same row address with
increased speed without an increase in power. This
is done by strobing the row address into the chip and
maintaining the RAS signal at a logic O throughout
all successive memory cycles in which the row address
is common. This “Page Mode” of operaion will
not dissipate the power associated with the negative
going edge of RAS. Ailso, the time required for
strobing in 3 new row address is eliminated, thereby
decreasing the access and cycle times.




REFERSH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 256
row address (Ao ~ A7) within each 4 millisecond
time interval. Although any normal memory cycle
will perform the refresh operation, this funciton is
most easily accomplished with ""RAS - only” cycles,
RAS only refresh resuits in a substantial reduction in
opergting power. This reduction in power is reflected
in the Iccg specification.

4EMORY CYCLE

REFAESH CYCLE

HIDDEN REFRESH

An optional feature of the TMM41256C is that
refresh cycles may be performed while maintaining
valid data at the cutput pin. This is referred to as
Hidden Refresh. Hidden Refresh is performed by
holding CAS at V) and taking RAS high and after *
a_specified precharge period (tap), executing a
“RAS - cnly” refresh cycle, but with CAS held low
(see Figure below).

REFRESH CYCLE

|

[
pd
o)

A U VA e

|

van

—
\_
Sour — oren __<

VALID DATA

>_

This feature sllows a refresh cycle to be “hidden® among dats cycles without sffecting the dats aveiledbliity.

OUTLINE DRAWINGS 3
>
Q /
|
208 MAX, _L
"" -t 17,3 MAX, R i 182206 -
i I 1A
s |
: g qendl
H :
: {_—194 e, n.alol;m TATON 9.0 MAX,

Note: Egch lead pitch is 2.54mm.  All leads are tocated within 0.26mm of their true longitudinal position with respect to No. 1 snd Na. 16 lesde.

AH dimensions ere In milPaiters,

Note: Toshibe does not assume any responsiblilty for use of any clrcullry described; no circult petent licsnsas sre implled, and Toshiba reserves

the right, st sny time without noitce, to cheange sald clrculuy.
° Apr., 1983 Taoschiba Corparastion N



TYPE 2§
N-CHANNEL SILICON JUNCTION FIELD-EFFECT TRANSIS

BULLETIN NO. OL-S 688047, AUGUST 1965—-REVISED MR

SILECTT FIELD-EFFECT TRANSISTOR? ,
e For Industrial and Consumer Small-Signal Applications ‘:f"'
. <Low Crss: <4 pf o High yts/Ciss Ratio (High-Frequency Figure of Merit) J
e Cross Modulation Minimized by Square-Law Transfer Characteristics &
o _ For New Designs, 2N5949 thru 2N5953 and A5T3821 thru A5T3824 ~

" Are Recommended

mechanical data
This transistor is encapsulated in a plastic compound spec:fzcally designed for this purpose, using a htghly
process developed by Texas Instruments. The case will withstand soldering temperatures without defo
device exhibits stable characteristics under high-humidity conditions and is capable of meetirig MIL-STD-202C

1068. The transistor is insensitive to light.

*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE X
b—ate0 73003

+0.003
a0 i te—g o +000S
oo Il’ 2 308 T oom

i

AlL DIMENSIONS IN INCHES — r— 0,050 {NOTE A}

1

+o0ms ””

~ o028
:DM

o‘ocm 0300 M. 0050 = 0,008 3 uaos eorr Z 357 SGD:

IOTE A: Lecd diemeter is net controlled ia this area. =

* absolute maximum ratings at 25°C free-air temperature (unless otherwise nofed)
Drgin-Gate Voltage . . . . . . . . . . . .

¥ s

2
My 4

Droin-Source Voltage . . . . . . . . . . o 0 0w e e e e e e e e e :
Reverse Gate-Source Voltage . =
Gate Current . P |
Continuous Device D«ss:pahon ot (ar below) 25°C Free-Alr Tempercture (See Note 1) R
Storage Temperature Range . . . —65°C fo-1

lead Temperature s inch from Cose for 10 Seconds D T .

*electrical charccteristics at 25°C free-air temperature (unless otherwise notad)

PARAMETER TEST CONDITIONS MIN  MAX
Viyass  Gote-Source Breakdowm Voltage lg = —1pa, Yps =0 — 15 ¥
V5;=—15V.Vus=0 -2
{ Gate ¢
&ss ate Cutoff Current TVor T 15w Vos = 0, T, = 100°C T —
fpes Zero-Gate-Voitage Droin Current ¢ Vos = 15v, Vgg = 0, See Hote 2 . 2 20
Vos Gate-Source Yoltoge i Yos=15v, o= 200 ua i—05 —175 =
Vosiotq  Gate-Source Cutoff Voitage Vos=15v, lo=2ma v, —8 73
Smoli-Signal Common-Source Yos =15y, Vgs=0, f=1ke g
i forward Transfer Admittance See Note 2 000 6500 |-y
. Smal-Signal Common-Source Yos = 15v, Vgs =0, f=1ke i
Yol Output Admittance See Note 2 50 | oF
Comman-Source Short-Circuit i Yos=15v, ; I
Ges Ingut Capadiance ; 8 K
f Ve = 0 :
¢ Common-Source Short-Circuit s ’
™ Reversa Tronsfer Copaditance = 1M i 4 ges
. Small-Signal Common-Source i b
ReC Fomordgfmmfer Admittance Vos = 15v, Vs =0, f = 100Hc ; 1600 fL
NOTES: 1. Derate linearly t© 150° C free-air temperature at the rate of 2.88 mw' C. :,
2. These oeramaeters must be measured puise techniques. 3, = 100 ms, duty cycts < 10%. 5
*"JEDEC registered data
TTragemark of Texas instrumants Pt
US o

$U.S. Patent No. 3.439,238

e



TYPES 1N4001 THRU 1N4007
SILICON RECTIFIERS =

BULLETIN NoO. bLs 7211698, NOVEMBER 1972 5

”
50-1000 VOLTS ¢ 1 AMP AVERAGE .
. ¢ Rugged Double-plug Construction
- e " Hermetic Case i
©« 30-Amp Surge RawRg T - - - -

description and mechanical data

These one-amp rectifier diodes are the product of combining the best of both silicon material précessing and packaging
technologies. The silicon die is a mesa oxide-passivated structure which has additional nitride passivation and glass passi-
vation over the junction. Years of volume preduction have shown the double-plug package to have the highest inherent
mechanical integrity of all hermetic-case diodes.

° ALL JEDEC DO-41 DIMENSIONS AND NOTES ARE APPLICABLE

0.107 DlA
" 0034
--'Y_ ooz O

Io

g

N
N\

T

] 7 LE??:: ]

DIMENSIONS ARE IN INCHES

|

o
s
®
K

o

i

[3

Rt ] §) 3 e W,
./

CATHODE END IS DENOTED

NOTE: Within this zone lead diameter
BY A COLOA BAND s

is uncontrotiad,

e e

*absolute maximum ratings at specified ambient® temperature (unless otherwise noted)

TN4001 | 1N4002 1N4003l1N4004 1N4005 1N4006|1N4007 UNIT
Peak Reverse Voitage from !
v 50 100 200 400 600 800 1000 v
AM —65°C 10 175°C iSee Note 1) , :
Vg Steady Stats Reversa Voltage from 25°C to 75 C 5¢ | 100 200 =00 30 , Z00 | 1000 | v
; Average Rectified Forward Current from . : A
° 25°C to 75°C (See Notes 1 and 2 i
Repetitive Peak Forward Current, 10 Cycles,
Ieam 10 A
at {or below). 75" C (See Note 3) .
Peak Syrge Current, One Cycle, ;\‘:
IFSM N 30 A
at {or below) 75°C (See Note 3) .
TA(opr)  Operating Ambient Temperature Range -5 10 175 ’C | a
Tsrg Storage Temperature Range ~35 10 200 , C .
Lead Temperature 3/8 Inch from Case for 10 Seconds 350 : C |

gy

75°

>

NOTES: 1. Thesa values may be appiied continuously under single-phase, 60-Hz, haif-sine-wave operation with resistive toad. Above

deratw i according to Figure 1.

2. This rectifier Is a lead-conduction-cooled device. At (or above) amownt temperatures of 75°C, the
case must ba no higher than S’C above the ambient temperature for these ratings to anpty.

3. These vaiues spply for 60-Mz haif sine waves when the device is operating at'{or pelow! rateq values of peax raverse voltage lﬂd-“,
average rectified forwerd current, Surge may be recested after the device has returneo to original thermal equilibrium, ; 4

leact tamoeratura 3/8 inch from:

ey

#

*JEDEC registered cats. This data sheet concains ail 8ppticanie registered dats in effect at the time of ouolication.

» 0 8543

TThe ambient temperature is measured at 8 point 2 inches below the device. Natucal air cooling is useq,



TYPES

1N4001 THRU 1N4007
SILICON RECTIFIERS

*electrical characteristics at specified ambientT temperature

PARAMETER TEST CONDITIONS MAX UNIT
VR =RatedVR, Ta~25C 10
IR Static Reverse Current = uA
VR = Rated Vg, Ta=100°C 50
VRM * Rated VRM, 0= 1A,
i A Reverse Current 30
Riav] ~ Average Revere turren f=60 Hz, Ta=175°C KA
VE Static Forward Voltage Ig=1A, Ta=25°Cto 75°C 1.1
. L VRM=BatedVRM, 107 LA,. - oo o s e e
- VE(4y) - “Average Forward Vol Rt 08 v
Flav) wa tage f =60 Hz, Ta=25°Cto 75°C
Vam = Rated V. I0=1A,
v Peak F Volt 16 v
FM  Pesk Forward Voitage f= 60 Hz, Ta = 25°C 10 75°C .
*JEDEC ragistered data
THERMAL INFORMATION
< FORWARD CURRENT DERATING CURVE
L o1s v
g |
g See Note 2
5
g Singie-Phase
3 10
° Six-Phase Star
E
: ix
u? Three-Phase Wve \\
g AN
5 o5 RN
< \ \\
g LN
E Xw‘m
b IS
s o0 ! |
F -5 -850  -25 0 25 50 75 100 125 i50 178

T ao—Ambient Temperature—>C

FIGURE 1

¢
NOTE 2: This rectifier is 8 lead-conduction<cooled device. At (or above) ambient temoeratures of 75 C, the lead temoerature 3/8 inch from
case must be no higher than 5°C above the smbient Tamperature for these ratings to apply.

! The ambient tempersture is measured at a point 2 inches betow the device. Naturai air cooling is used.



TYPES " IN4446 THRU 1N4449
SILICON SWITCHING DIODES

A5
BULLETIN NO. DL-S 739269, OCTOBE‘R 1966—-REVISED MARCH 1973

FAST SWITCHING DIODES
¢ Rugged Double-Plug Construction
Electrical Equivalents:

1N4148...1N914 . .. TN4531  1N4447 ... IN916A

1N4149... 1N916 1N44438 ... 1N914B
- 1N4446 . . . TN914A 1N4449 ... 1N916B
mechanical data e -

Double-plug construction affords integral positive contact by means of a thermal compression bond. Moi;ta}'e-?eé“
stability is ensured through hermetic sealing. The coefficients of thermal expansion of the giass case and the dumet
plugs are closely matched to allow extreme temperature excursions. Hot-solder-dipped leads are standard.

.

.

*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE

-ous oumyr

0070 = 9207 A -
T uLads

— . fa— g
: 0 '
i L O

9100
9120

CATHODE END IS DENOTED
A e T Samertn o tactas LNCONTEONLED BY COLOR BAND

!

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Vrmgy Working Peak Reverse Voltage . . . . . . . . . . . . . . . . . . . 75V
P Continuous Power Dissipation at (or below) 25°C Free-Air

Temperature (See Note 1) . . . . . . . . . . . . . + . . . . 500mW-
Tag Storage Temperature Range . . . . .=65°Cto 200°C

T Lead Temperature 1/16 Inch from Case for 10Seconds . . . . . . . . . . . 300°C

*electrical characteristics at 25°C free-air temperature (unless otherwise noted)

t H TN4148 | IN4149 | IN444 IN4447 | 1N4448 | 1

: PARAMETER | TEST CONDITIONS [y :AAX MIN MAX IMIN MAéx!MlN MAX j!MIhPll MAXJTXP:::A‘:X UNit

i Vi Reverse Breakdomn Voltage :: = :o‘:‘ A 1(7); T 1703 1(7:: 1(7:; r;; Y

Ve =120V 25 25 25] 25 25 25| nA

In  Static Reverse Current Vo = 20V,T, = 100°( 3 3 pA

Vo = 20V,T, = 150°C 50 50 50 501 50 50| pA

lr = SmA 0.62 072{063 073} v

e =10mA 1 1 . \j

Ve  Static Forward Voltage lg = 20mA 1 1 v

. e = 30mA 11y

Tr = 100 mA 1 1 V

(;  Total (opocitance Vo =0, f=1MHz 4 2 4 2 4 2| pF

HOTE 1: Derste linsarly to 200°C af the rare of 2.85 oW/ ¢,

= JEDEC registered date



TYPES .© "%, iei3Z, IN4446 THRU 1N4449
SILICON SWITCHING DIODES

“*switching characteristics at 25°C free-air temperature

IN4148 [1N4149 [ IN4446 | 1N4447 [TN4448 [IN4449 T
PARAMETER TEST CONDITIONS MIN MAXIMIN MAXIMIN MAXIMIN MAXIMIN MAXIMIN MAX]JN"

le=10mA Ve =6V, i, = 1 mh, I
n Reverse Recovery Time RFL i m(r’n qQ, S: . ﬁ:ur" ']" 1 mA 4 4 4 4 4 41 ns
Vergrec) Forward Recovery Voltoge ;:e?:lﬁ:n;,&:..ﬂ) A - ’ 25f 25|y

*PARAMETER MEASUREMENT INFORMATION :
0.24F D.U.T.
INPUT

QUTPUT
10kQ

g = 10 mA

. TEST CIRCUIT

—
0
R— /] .
l l = iy
1
a
Aagjust emplitude l\j 1
foe Vg =6V -

1y
ot

INPUT YOLTAGE WAVEFORM QUTPUT CURRENT WAVEFORM

FIGURE 1 — REVERSE RECOVERY TIME
ROTES: q. The input pelse is sapplied by 4 gensrator with the fotlewing characteristics: 2, = 50,1, < 0.5 a5, = 100 as.
b. The eutput weveterm is manitersd oa an oucillescops with the foliowing chevucteristis: t Lodm I, = HQ,

5
INPUT O AAA——————0O OUTPUT

’ i LRTR
1

TEST CIRCUIT

VOLTAGE WAVEFORMS

FIGURE 2 -- FORWARD RECOVERY VCLIAGE
NOTES: c. The inpwt puise is supplisd by « g

with the fellowing ch it 1M=SDQ.I'S!Um.',:anl,Pll:SlllwﬂlL

d. The outpint werefonm is mositored oa oa otcilloscope with 134 following characteristics: o S et 2140, ¢, <SP
= JEDEC registered date



DIGITAL

c— e - -

SPECIFICATION ,
l ]
INPUT IMPEDANCE 100 kQ ! | 7
OUTPUT IMPEDANCE 10kQ |-‘Fe S ==
MINIMUM INPUT VOLTAGE 05mv oy : e oz sss ||
MAXIMUM INPUT VOLTAGE 1000 mV oo ¥ Lo E e o e
MINIMUM VOLTAGE GAIN 0.2 $ e P Lf""’;
MAXIMUM VOLTAGE GAIN 175 Tom [ ] 1
DIRECT FREQUENCY RESPONSE 10 Hz— 30 kHz ] 3= §m | L o {
DELAY FREQUENCY RESPONSE 30 Hz- 12kHz A Fo— - j !
DIRECT HARMONIC DISTORTION 0.01% I RN ’i«] l i
DELAY HARMONIC DISTORTION  0.2% ]l I A e s T S N
A-D/D-A SYSTEM PCM 10 BIT o Smrl e , rcosain ;
SAMPLING FREQUENCY 25 kHz l : 2 ¢ i
DELAY TIME 20 — 800 mS
SUPPLY 12-16V
CURRENT 30mA
Iﬂ Iﬁ I’J I!QI!II‘QI‘S ‘41131"1!2}2
.y Tt Tirotrttrt
] L B mowieounaumn
r I — 15 e an MICROPHONE MIXER DIGITAL ECHO
Mo | acopess |, )OS / - o .
w2 CONVERTER COUNTER 08C § 1%, once MIC1 MIC PREAMP ‘nm:mu'lu'lﬂﬂvluumum
s ¢_"1
ue <4 =_ e WC2 olWCPEAw OIGITAL EGHO TONE GONTROL
w4 o I AE9998A DE-562 [l wieec
St e bata MIC3 O—MICPREAMP —\/ |e — ok
Wi =
i; b A WA MASTER YOLUME
! 1 BioOK = = .
12V 200ma o o
Tx SPEED
220V , S
g( ﬂ_1000PF l 2 DELAY TIME
T eV
l t ¥
—TC2 REPEAT
< o
o 2 —— FEED BACK
_outpuT luidhn1a TONECONTROL | o
= C
= X
i ECHO
100K GAIN 8 | — (eveL
A @ @
2 ahu G IN
nTaiNH =L d oC &3 !
VOLUME B100K /' O audwicur 7§ okeer ©
- 1K !
wiathufsuns /7' _!_
nnifum‘muwa'h.h'lﬁmﬂ =
aaimdublaslWudduould = INPUT

/

- o o
Frynauthiiia1 e 19191 TUNER  TAPE , AUX , LINE, VDO , CD
aaz'ilaTlufihwf e oudedrdassiames Jume litna

0.5mV-1000 mV

o Y
AN JUMP URRY
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