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Abstract

Speech Recognition project is to recognize speech by
anafyzing speech signal data. There are two ways to recognize it.
1. Word based speech recognition, the range of word to be recog
nized in this section is digit "0" to digit "9" in Thai.

2. Phoneme based recognition, it is to study some phoneme in Thai
language. That is stop consonants which contain 10 phonemes.

This project consist of software part and hardware part.
Speech signal will be detected from microphone and converted to
digital signal by hardware part. Then data will be taken by soft-
ware part to calculate and process with mathematic algorithm
such as "Time Domain Analysis" , "Energy Measurement" , "Linear
Predictive Coding"(LPC), "Spectrogram". And then matching pattern

algorithm will be used to find an output of recognition.
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Hex Range

Usage

000—00F
020-021
040-043
060-063
080-083
0AX

0CX

OEX

200-20F
210-217
220-24F
278-27F
2F0-2F7
2F8-2FF
300-31F
320-32F
378-37F
380-38C
380-389
3A0-3A8
3B0-3BF
3C0~-3CF
3D0-3DF
3E0~3E7
3F0-3F7
3F8-3FF

DMA Chip 8237A-5

Interrupt 825%aA

Timer 8253-5

PPI 8255A-5

DMA Page Registers

NMI Mask Registers

Reserved Tﬂ““ Byr ot
Reserved

Game Control ‘lCﬁmL
Expansion Unit

Reserved

Reserved

Reserved

Asynchronous Communications (Sec)
Prototype Card

Fixed Disk

Printer

SDLC Communications

Binary Synchronous Communications (Sec)
Binafy Synchronous Communications (Sec)
IBM Monochrome Display/Printer
Reserved

Color/Graphics

Reserved

Diskette

Asynchronous Communications (Pri)
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3. mqnsaqmﬂuﬁaﬂunmw (low pass filter) qvLﬂumansaeﬁmmwmtﬁaqauwﬂTaa
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(Buterworth,maximally flat) T’z approximate ideal filter andauuy
<4 < . e
autudenaun1unE 1w (pass band) aﬂnquswztﬁu low gain amplifier
. : ¢ 4 o
filter ?ezﬁunuasLﬁuaaﬂuauﬁnﬁﬂaquﬁﬂunﬂuﬁaunaunﬂauaﬂ WAZATINAIUNIY
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nauwnaanunl  noninverting input mavasduasuy 19370 A L Augana Ty 1
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4 7 8 (v [y
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Filter Class R1 R2 Ci c2 K
Maximally flat 1.00000 1.00000 0.87403 1.14412 2.00000
f“, =
(Butterworth) 1.00000 1.00000 \\;41421 0.70711\ 1.00000
- T e
3.01 dB at w, 1.00000 1.00000 1.00000 1.00000 1.58578
Equal ripple 1.00000 1.00000 0.77088 0.85555 2.00000
’YChebishev) 1.00000 1.00000 1.40259 0.47013 1.00000
0.5 dB ripple 0.81220 0.81220 1.00000 1.00000 1.84213
®
Equal ripple 1.00000 1.00000 0.98809 0.96688 2.00000
Tbhebushev) 1.00000 1.00000 1.82192 0.49783 1.00000
1 dB ripple 0.95237 0.95237 1.00000 1.00000 1.895446

o4
A1514Nn 5.2 Component and gain for the low-pass filter of

figure 5.2 for w, =1 (R in ohms, C in farads)

o ' 4o <4
710617V ﬂ']’\ﬂﬂﬂﬂﬂﬂ%‘“ﬁu 1 llﬂﬂ?ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂ\iﬂ’l‘iaﬂ 5 KHz
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R

e

450.15
225.08

pF
pF

1.41421 / 2%5X

0.70({3 / 2w5X

. o« . ' ]
R A U R IN S ARV CRER L3agaAn R @28 10° ua¥u1Tan C @aa 10°

= 100 kohms
s un 500 pF
ifeum 200 pF
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CONTROL WORD
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D; | Dg | Dy [ Dy | D3 | D2 | Dy | Dg
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GRAOUP 8
PORT C (LOWER)
1= INPUT
0= OUTPUT
PORT B
1= iNPUT
0= QUTPUT
* MODE SELECTION -
.G'= MODE 0
1= MODE 1
GROUP A
PORT C (UPPER)
1= INPUT
0= QUTPUT
PORT A
1= INPUT
0= QUTPUT
MOOE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2
MODE SET FLAG
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National
Semiconductor
Corporation

ADC0808, ADC0809 8-Bit uP Compatible A/D Converters
with 8-Channel Multiplexer

General Description Features ;

The ADCO0808, ADC0809 data acquisition component Is a W Easy interface to all microprocassors

monolithic CMOS device with an 8-bit analog-to-digital con- W Operates ratiometrically or with 5 Voc or analog span
verter, 8-channel multiplexer and microprocessor compati~ adjusted voltage reference

ble control logic. The 8-bit A/D converter uses successive  m No zero or full-scale adjust required

approximation as the conversion technique. The converter g g.channel muitiplexsr with address logic

features a high impedance chopper stabilized comparator, a ® OV to 5V input range with single 5V power supply

25€R voitage divider with analog switch tree and a succes- out - Hi
sive approximation register. The 8-channei muitiplexer can bl meet TTL voltage level tions
directly access any of B-single-ended analog signals. B Standard hermetic or moided 28-pin DIP package

The device eliminates the need for external zero and full- #5;pin moided °".‘° package
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded muitiplexer address - Key Specifications

inputs and fatched TTL TRI-STATE? cutputs, ¥ Resolution 8 Bits
The design of the ADC0808, ADCOB0S has been cptimized ™ Total Unadjusted Error +%;LSBand =158
by incorporating the most desirable aspects of several A/D  ® Single Supply 5 Vpe
conversion techniques. The ADC0808, ADC0809 offers high B Low Power 18 mw
speed, high accuracy, minimal tempsrature dependence, & Conversion Time 100 ps

exceilent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multipiexer with common ouipu? (samgie/heid port)
see ADC0816 data sheet. (See AN-247 for more informa-
tion.)
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Absolute Maximum Ratings (otes 14 2)
It Military/Aerospacs specified devices are_required,
contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.
Supply Voitage (Vco) (Note 3) 8.5v
“Voltage at Any Pin T =0.3Vto (Voo +0.3V)
- Excapt Control Inputs - - o
.Voitage at Control Iny —0.3Vto +15v
“(START, OE, CLOCK, ALE, ADD A, ADD 8, ADD C)

Storage Temperature Range —65°Cto +150°C
Package Dissipation at Tp = 25°C 875 mw
Lead Temp. (Soldering, 10 seconds) ’
Dual-In-Line Package (plastic) 260°C
DuakIn-Line Package (ceramic) 3o
Molded Chip Carrier Package
Vapor Phase (60 seconds) - 215°C
Infrared (15 seconds) . 220°C
ESD Susceptibility (Note 11) 7 400V

Electrical Characteristics

Operating Conditions (otes122) " -

TMINSTA<Tmax
—55°C<Tpo< +125°C

Temperature Range (Note 1)

ADC0808CJ

ADC0808CCJ, ADCOB0BCCN,

ADCO809CCN .

ADC0808CCV, ADCOB0SCCV

" 'Range of Vg (Note 1)

s

—~40°C<TA< +85°C
—40°C < Tp < +85°C_
4.5Vpcto 6.0 Vpe

Converter Specifications: Vco=5 Vog=VRer+. VReF(—~)=GND, TUINS TASTmax and fo k=640 kHz unless otherwise

stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808 .
Total Unadjusted Error 25°C ES7A LsB
(Note 5) TamiN 10 Tmax Y LsB
ADC0809
Total Unadijusted Etror 0*Cto 70°C 1 .| LsB
(Note 5) Tmin to Tpax +1Y, LS8
Input Resistance From Ref(+) to Ref(—) 1.0 25 k
Analog Input Voitage Range | (Note 4) V(+) or V(—) GND-0.10 Veg+0.10 Voc
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Veo Veg+0.1 .V
+ _
w(—l Voltage, Center of Ladder Vee/2:0.1 | Veo/2 | Vee/2+04 | v
VReF(-) Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 v
™ Comparator input Current fo =640 kHz, (Note 6) -2 +0.5 2 BA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 4.5V<Vees5.5V, —55°C<TA<+125°C unless otherwise noted
ADC0808CCJ, ADCO808CCN, ADCO808CCV, ADCOBOSCCN and ACCO80§CCYV, 4.75<Vcc<$5.25V, —40°C<TA< +85°C un-

less otherwise noted ==

Symbol l Parameter Conditions Min l Typ I Max Units
ANALOG MULTIPLEXER S
lore(+) OFF Channei Leakage Current Veo=5V, Vin=5V,
TpA=25C 10 200 nA
TN 10 Tuax 1.0 pA
loFr(-) OFF Channel Leakage Current Vee=5V, Vin=0,
’ Ta=25C —200 -10 nA
TN to Tax -1.0 rA




Electrical Characteristics (continueq)

Digital Levels and DC Specifications: ADC0808CJ 4.5VSVeo<55V, —55°C<To<+125°C unless otherwise noted
ADCO0808CCJ, ADCOB0OSCCN, ADCOBOSCCY, ADCO809CCN and ADCO80SCCV, 4.755Vc<5.25V, =40°C<Tpr< +85C un-
less otherwise noted

Symbol | Parameter Conditions |  Min | Typ Max Units b
CONTROL INPUTS o
Vine Logical "1” Input Voltage Vec—1.5
Vine) Logical “0" Input Voltage 15 v o
gty Logical 1" input Current Vins=15V 1.0 pA -
(The Control Inputs) : i
INGD) Logical “0" Input Current ViN=0 -10 pA
(The Control Inputs)
lcc Supply Current oLk =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT) k
Vout(n Logical 1" Output Voltage lo= —360 pA Vog—0.4 v [
Vourio) Logical “0” Output Voltage lo=1.6 mA 0.45 ) H
VouT(o) Logical “0" Output Voltage ECC lo=1.2mA 0.45 v :
lout TRI-STATE Output Current Vo=5V 3 rA B
Vo=0 -3 pA ¥

Electricai Characteristics
Timing Specifications Voo =VRer(+) =5V, VRer(-)=GND, t,=ty=20 ns and Ta=25"C unless otherwise noted.

Symbol " Paramater Conditions Min Typ Max Units

tws Minimum Start Pulse Width (Figure 5) 100 200 ns

twaLE Minimum ALE Pulss Width (Figure 5) 100 + 200 ns

tg Minimum Address Set-Up Time (Figure 5) { 25 50 ns

tH Minimum Address Hoid Time (Figure 5) 25 50 ns

to Analog MUX Delay Time Rg =00 (Figure 5) 1 25 | us
From ALE

1, tHo QE Control to Q Logic State Cy =50 pF, R = 10k (Figura 8) 125 250 ns

t1H, tom OE Control to Hi-Z CL= 10 pF, Ry = 10k (Figure 8) 125 250 ns

te Convaersion Time fc =640 kHz, (Figure 5) (Note 7) 90 | 100 116 rS

fe Clock Frequency - 10 6840 1280 . kHz ™ @

teoc EOC Delay Time (Figure 5) 0 8+2uS | Clock . @

. Periods

Cin Input Capacitance At Control Inputs 10 15 pF :

Cour TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15 pF
Capacitance :

Note 1: Absoiute Maximum Ratings indk mmmwmgommdwamym.DCmACDbcwuspodfe‘ﬂonsdonoupplywhonop«lw By

the device beyond its specified cperating conct

NehtMmagummmMmrupmmGND,uﬁmommspodﬂn
W’:Azmmmim‘fwv.mvcchNOandhuatyplalbreakdownvomgeof7Vm -
No!o4:Tvaon-chipdbdnmﬂudtcommlogMpmwhbhwﬂlmmoonamm:mbginmnmuguomdododmpbcmwmnnuwdbmm ‘
mmwvcd)mppfy.mwecdom100mV(mdbhsofonn¢rdlod-.TNamoansmalaslowasmoanalogvmdo«noloxcudmemtyvoM
bymonman100mV.thoouwcodndbomct.Tommmmovmwwximvmqowﬁum«m:m-nminimnwpplyvoﬂaqod ;
4.900 Vpg over temp initial and loading. g

Note §: Total unadjusted emor includes olfsat, fuil-scale, Ihoamy.mdmummmwomSoon-.?.NomolmmNDsrmimsazmormmom R

Hm,ﬂmumcodobdcdndforanwbgmnowmo.ov.unammmuowossu(rorexmo.sva.svmm)mmm 8
ges can be © this. See Figwe 13.

Noul:Conwmarinanmmluthscm.mlmooromolmo* WMMMIWMWM&WWM»A
fittls tomperature dependence (Figurs 6). See paragraph 4.0.
Noto7:Thcomwtsolmcdaurogm-rmupdnt-aomdod(cydobuonm-mmgoolEOC.
Note 8: Human dody model, 100 PF discharged through a 1.5 k(} resistor,




Functional Description

Muitipiexer. The device contains an 8-channel single-end-
ed analog signal multiplexer. A particutar input channel is
selected by using the address decoder. Table | shows the
input states for the address lines to seiect any channel. The
address is latched into the decoder on the iow-to-high tran-
sition of the address latch enable signal. .

TABLE|

SELECTED ADDRESS LINE
ANALOG CHANNEL [ B A
©INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
N4 H L L
INS H L H
IN6 H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital convarter. The converter is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder netwark, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particuiarly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voitage.

The bottom resistor and the top resistor of the ladder net-"
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 14 LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale. .

The successive approximation register (SAR) performs 8 it-
erations t0 approximate the input voitage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical exampie of a 3-bit converter. In the
ADC0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROM S.A.R.
v]AA
REF(») O——y ’{ 4 { {‘
9 .
4R :: (
1 -
R N—
- *
L ] .
R
. Y ;
-
; . 10
25R o . COMPARATOR
. N iNPYT
< . Nenemad
[
L ] L]
R . .
L ]
M N
REF{=) Owmmnel

FIGURE 1. Ri

TUH/5872-2

and Switch Tree




Functional Description (continueq)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) puise. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion puise. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input. If used in this
mode, an external start conversion puise should be apphed
after power up. End-of-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
uitimate accuracy of the entire converter. It is aiso the

b FULLSCALE

119 IDEAL CURVE =< ERROR=1/21S8

A/D QUTPUT CBDE

Lo NONLINEARITY = 172 LS8
|
NONLINEARITY = 172158

ZERO ERROR = -1/4 LS8

soe L
1IR3 A BN
Vin AS FRACTION OF FULL-SCALE

Vin

FIGURE 2. 3-Bit A/D Transfer Curve

GUANTIZING |
o EAROR

INWT OV
VOLTAGE

FIGURE 4. Typical Error Curve

comparator drift which has the greatest influsnce on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-
verter requirements. :

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC ampilifier and has the DC level restored. Thig
technique limits the drift component of the amplifier since ~
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors. -
Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
m PERFECT CONVEATER
m 21se 1DEAL 381T CONVERTER
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L) ERAOR
008 Vin
MBI AR
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Connection Diagrams “

Molded Chip Carrier Package

Duak-in-Line Package
Nt "7 Togfem2
INe—{2 27—t
INS—{3 260
IN6 =44 25=AD0 A
NT={5  ° 24f-at0B
staT—6 - 23p—a00 ¢
£0C~{7 2|—ALE
25 214—2""uss
OUTPUT ENABLE—{9 204=2"2
CLOCK—410 3l o
Yee =1t 204=27¢
Vaer (4) =412 17}=2"%s8
oND—F14 16 p=Vper (=)
27414 15}=2"¢

TIL/H/5672- 11

Order Number ADC0808CCN, ADCO809CCN,

ADCO0808CCJ or ADC0808CY

See NS Package J28A or N28A

Timing Diagram
=

25 24 23 22 21 20 19
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Nidq7 : 17}=2"%s8
N2—28 - 18} Vaer (=)
N3 ~d1 15}=2"¢
N4 42 . 14pa277
NS=d3 134=GND
NE—4 12} Veer (#)
\ 5 67 8 9 1011
1R BRI 1
5838 8
& 3

OUTPUT ENABLE —

TL/H/8872-12

Order Number ADC0808CCV or ADC0803CCV

See NS Package V28A
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Applications Information
OPERATION )

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCO0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which
is not necessarily related to an absolute standard. The volt-
age input to the ADC0808 is expressed by the equation

Vin Dx
Vis=Vz  Dmax—Dmin
Vin=Input voltage into the ADC0808
Vis =Full-scale voitage
Vz=Zsro voltage
Ox = Data point being measured
Dpax = Maximum data limit
Dpoin = Minimum data fimit

(1)

A good example of a ratiomstric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voitage across it. Since the data is represent-
ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the muiltiplexer inputs, (Frgure 9).

Ratiometric transducers such as potentiomsters, strain
gauges, thermistor bridges, pressure transducers, etc.. are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voitage or current. This means a sys-
tem reference must be used which relates the full-scale
voitage to the standard voit. For example, if
Vee ™ VRer=5.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step is 1 LS8
which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The voitages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voitages are

. coupled to the comparator via an analog switch tree which

is referenced to the supply. The voitages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation. h )

The top of the ladder, Ref(+), should not be more postive
than the supply, and the bottom of the ladder, Ref{—),
should not be more negative than ground. The center of the
ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel
switches to P-channel switches. These limitations are auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must
be trimmed to match the reference voltage. For instance, if
a 5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

i Vee
L_.. REF{s) msg
"
- %}
< ¢ OISITAL
. < oUTPUT
. Qout PROPORTIONAL
. TO ANALOG
¥ INPUT
L]
- g
v, v
REF(-] Lss Qour= N o VN,
1 [ " OUT= Vagr "~ Voo
hd l - 4.75v sVce =Vpgps528V
— ADCO308 * Ratlometric transducers

TU/H/S8T2-7

FIGURE 9. Ratiometric Conversion System




Applications Information (continueq)

The ADC0808 needs less than & milliamp of supply current
so developing the supply from the referenca is readily ac-
complished. In Figwe 17 a ground raferanced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply cufrent as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF cutput capacitor.

°f

The top and bottom ladder voltages cannot exceed Vg
and ground, respectively, but they can be symmaetrically less
than Ve and greater than ground. The center of the ladder
voltage should aiways be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmetricaily cen-
tered about Voc/2 since the same current flows in identical
resistors. This system with a 2.5V reference aliows the LSB
bit to be haif the size of a 5V reference system.

=

ADCOSE

AKX
,V
Veg -
suPPLY Vee
mS8
Vaer REF(+) DIGITAL
& ouTPUT
ouT REFERENCED
Onend Iy7 T0
Vin {O~~{ 3 GAOUND
Qe 1:0
‘r‘ REF(-) Ls8 v
- N
o——{GNO Cour Veer
A0CONS 475V € Vog = Vper < 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v i
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REF(s) O—ln7 GROUND
Vin { O E
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Vin
jom AEF(-) Lss Qoyr Ve
; > GND 4.75V < Vg = Vrer < 525V
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FIGURE 11: Ground Referenced Conversion System with

Reference Generating Vg Supply
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Applications Information (continueq)
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FIGURE 12, Typical Reference and Supply Clrcuit
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FIGURE 13. Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

The transition between adjacent codes N and N+ 1 is given
by:

N 1
Vin= {(VREF(‘)—VRE(-)’[ES*'E] tVTUE} +Vnm-) @
The center of an output code N is given by:
N
Vm{Nnern-;-%m-;)[a] 2th} +VRep(-) @

The output code N for an arbitrary input are the integers
within the range:

Nt VREFL)  ocq s ansoiute Accuracy
VRer(+)~VREF(-)
where: V= Volitage at comparator input
VRer(+)™= Voltage at Ref(+)
VREF(—)- Voltage at Ref{—)
Vrue = Total unadjusted error voltage (typically
VRgr(+)+512)

4}

- The dynamic comparator input current is caused by the peri-

odic switching of on-chip stray capacitances. These are
connected altemately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directty with clock frequency and with Vi as shown in Fig-
ure 6.

If no fiter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
currant should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

It input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the character-
istics cf a DC bias current whose etfect can be predicted
conventionally.




Typical Application

KEAD ]
| e
568 kg ——q CLX 11 -
KBORES S.006V—] VRer(s) EaC INTERRUPT
{AD4-AD15)® 008V =t Vg F(-)
=i p——p 087 (1]
START 72— 088
ALE 2=3 ey DB
WRITE 4t ——> o8¢
ADO—{A 1§ p—>P 083
AD1—{8 :33::: -i—>poe2
AD2 ——{C 77 jurap 081
-3 ey 088 Lss
5V sureLY T
Vee = Vind
GNO r
l -5V
GROUND — L4 ANALOG
d INPUT RANGE
L aed (TR
TUL/H/5872-10
* Addrees latches needed for 8085 and SC/MP Iinterfacing the ADCO808 {0 a microprocessor
MICROPROCESSOR INTERFACE TABLE . .
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
2-80 RO WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMAs2eR/W | VMAedeR/W | TRQA or IHGE (Thru PIA)
Ordering Information
TEMPERATURE RANGE -~40°C to +85°C ~55'C to +125°C
Emor L% ¥, LSB Unadjusted | ADCOB08CCN ADC0808CCV ADC0808CCJ ADC0808CJ
+1 LSB Unadjusted ADCO0B09CCN ADCO080sCCV
Package Qutiine N28A Moided DIP | V28A Molded Chip Carrier | J28A Ceramic DIP | J28A Ceramic DIP




DAC0808, DAC0807, DAC0806 8-Bit D/A

General Description

The DACQ808 series is an 8-bit monolithic digital-to-analog
convertar (DAC) featuring a full scale output current settling
time of 150 ns while dissipating onty 33 mW with £5V sup-
plies. No reference current (Ingr) trimming is required for

- most applications since the full scale output current is typi-
cally 21 LSB of 255 Iqgp/ 256. Relative accuracies of bet-
ter than *£0.19% assure 8-bit monotonicity and linearity
while zerc lavel output current of less than 4 pA provides
8-bit zero accuracy for lngr22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentially constant device charactaristics over
the entire supply voltage range.

The DACO808 will interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

Converters

MC1508/MC1408. For higher speed applications, see
DAC0800 data sheet. :

Features

& Relative accuracy: +0.19% error maximum (DAC0808)

B Full scale current mafch: £1 LSB typ

B 7 and 6-bit accuracy available (DAC0807, DAC0806)

u Fast settling time: 150 ns typ

1 Noninvertifig digital inputs are TTL and CMOS compati-
ble

” High speed muitiplying input slew rate: 8 mA/ps

m Power supply voltage range: £4.5V to 18V

® Low power consumption: 33 mW @ 5V

Block and Connection Diagrams

Dual-in-Line Package
s r
‘?‘ ? ? .?. j{ ‘?. ‘?' ? ¥ more 3= U 11 C arensanion
- CURRINT SwTCHES T Order Number "":" ﬁ'v"""
TITITTTITT T DAC0808, DAC0807, Ve~ Ve
Y AR, KWy o . or DAC0806 o IR | A7
See NS Package - ar =M o LLAPRP
Number J18A, ' '
Vaer(s O— e o vee M16A or N18A 13-4 v
10UREL PLIR prons LW
Ynght-) O~ . .
ﬂ::‘:- ) conptn o) LN
Yo TUH/S887-1 To0 VIEW :I'UHISO!7-2
Small-Outiine Package
Veo=ft 8158
Vg ()2 a7
Vg ()43 26
couPOrAnON—{4 A8
n—s I
ono~48 a3
Vg7 a
0—{s A uS3
TUH/5887-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)* | SO PACKAGE (M16A)
8-bit -~55'C<Tas +125°C DAC0808LJ {MC1508L8
8-bit 0°CETAS +75°C DAC0808LCJ|MC1408L8 | DACOS0SLCN | MC1408P8 DACO0808LCM
7-bit 0°C<TAS +75°C DAC0807LCJ | MC1408L7 | DACO8O7LCN | MC1408P7 DAC0807LCM
6-bit 0°C<TA< +75°C DAC0806LCJ | MC1408L6{ DACO80SLCN | MC1408P6 DACO806LCM

“Note. Devices may be ordered by using eithers order number.




Absolute Maximum Ratings (ot 1)

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range —865°Cto +150°C

Lead Temp. (Soldering, 10 seconds)

Dual-in-Line Package (Plastic) . 260°C

Power Supply Voltage L " Dual-In-Line Package (Ceramic) , ... 300°C

Vee +18Vpe Surface Mount Package

Vee -18Vpg Vapor Phase (60 seconds) 218C
Digitai Input Valtage, VS~V12 ~10Vpg to +18 Vpe Infrared (15 seconds) 220°C
Applied Output Voltage, Vg =11 Vpcto +18Vpe .
Reference Current, {44 5mA ToPerat";g Raﬂngs T T -
Reterence Amplifier Inputs, V14, V15 Vee, Vee eD AFCOE ;%?L ange - 55‘CM?TSA sAf1 Z“gfé
Power Dissipation (Note 3) 1000 mwW DACO0808LC Series . 0<Ty < +75C
ESD Susceptibility (Note 4) TBD : b :

Electrical Characteristics

(Vee = 5V, Vgg = —15Vpg, VRgr/R14 = 2mA, DACOB08: Tp = ~55°C to + 125°C, DACO808C, DAC0807C, DACO806C, Ta
= 0°Cto +75°C, and all digital inputs at high logic level unless otherwise noted.) ’

Symboi Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) ’ %
to Full Scale lp) .
DAC0808L (LM1508-8), +0.19 %
DACOC808LC {LM1408-8)
DAC0807LC (LM1408-7), (Note 5) +£0.39 %
DACO806L.C (LM1408-6), (Note 5) X +0.78 %
Settling Time to Within 14 LS8 Ta=25C (Note 6), 150 ns
(Includes tp ) (Figure 5)
tpLH, tpHy | Propagation Defay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Qutput Full Scale Current Drift +20 ppm/°C
MSB Digital Input Logic Levels (Fgure 3)
VIH High Level, Logic “1" 2 Voc
Vie Low Level, Logic “0" L 7 0.8 Voc
MSsB Digital Input Current (Figure 3) )
High Level Vi = 5V 0 0.040 mA
Low Level ViL = 0.8V —0.003 —-0.8 mA
lys Reference Input Bias Current (Figure 3) -1 -3 HA
Output Current Range (Figure 3)
Vgg = -5V 0 2.0 2.1 mA
Veg = =15V, Tp = 25°C 0 2.0 4.2 mA
lo Output Current VReg = 2.000V,
R14 = 10009, )
(Figure 3) 1.8 1.99 21 mA
Output Current, All Bits Low (Figure 3) 0 4 pA
Qutput Voltage Compliance (Note 2) Er < 0.19%, To = 26°C
Veg= =5V, lngr=1mA - —0.55, +0.4 Voc
Veg Below — 10V ’ . —=5.0, +0.4 Voc
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Electrical Characteristics (continved)
(Veg = 5V, Veg = —15Vpg, VRegr/R14 = 2 mA, DAC0808: T4 = —55°C to + 125°C, DAC0808C, DAC0807C, DACO806C, Ta
= 0*C to +75°C, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
SRlrer Reterance Cument Slew Rate (Figure 6) 4 ‘8 ) mA/ps
.-} OutputCurrent Power Supply | =5V < Vgg< —18.5V 0.05 27"’ pA/V
‘Power Supply Current (Al Bits (Figure 3)
Low) .
lec 23 22 mA
leg ’ -4.3 ~13 © mA
Power Supply Voltage Range Ta = 25°C, (Figure 3) . ’
Veo - : 4.5 5.0 - 6.5 Voc
Veg ) ~45 —-15 —-16.5 Voc
Power Dissipation
All Bits Low Veg = 5V, Vgg = =5V 33 170 mw
Voo = 5V, Vgg = ~15V 106 305 .mW
All 8its High Veg = 15V, Vgg = —5V 80 | mw
Vee = 15V, Vgg = =15V 160 mwW
Note 1: Absoiute A Ratings limits bey which tom-dmmlyocew.Dc.mAcmsmﬂclmaono(prMop«umg
the device beyond its specified g conditions.
Note 2: Range control is not required.
Note 3: The i power di ton must be at el d ternp andis by Tymax, 914 2nd the 9, Ta. The
power at any temp 0 i3 Py = (Tyuax — Ta)/83a or the number given in the Absokse Maix Ratings, whi is lowsr. For this
davice, Tymax = 125'C. and the typicel junction-10 thermat resi of the dusk-in-ine J package when the board mounted is 100°C/W. For the duakin-
line N package, this number increases to 175°C/W and for the smail outline M package this numder is 100°C/W.
Note 4: Human body model, 100 pF g oh & 1.5k}

Nots 5: Al current switches are losted 10 guarantae at feest S0% of rated current.
Nots 8: AK bits switched. .
Note 7: Pin-out numbers for the OALOBOX represent the dualin-ine package: The small outline package pinout differs from the dual-in-iine package.

Typical Application ‘ ‘ 1.

i 1 1.00m
M3 A1 Qi OO 12988¥ = V3¢5

Yege-uv

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)
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Test Circuits

V) and ly apply to inputs A1-A8.
The resistos tied to pin 15 is to temperature compensate the
Pl bias current and may not be necessary for all applications.

A1o— Vagr
3 Al A2 A4 A5 A6 A7 A8
e B o=k R R R )
n AN 4 16 32 64 128 256
o6ITAL | AO—H pacten  f—Omeeeand N VRer
weuTS ‘:;.E awes | = v where K = ~REE oy
Al
I oursuT
1o w. w3, and Ay = "1” if Ay is at high level
A3 Orand 3 9
h= - | . 4 AN = 0" If Ay is at low level
M ’uI i—_j\ )
1
= ver TL/H/5E87-8
FIGURE 3. Notation Definitions Test Circuit (Note 7)
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FIGURE 4. Relative Accuracy Test Circuit (Note 7)
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FIGURE 5. Trangient Response and Settling Time (Note 7)
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Test Circuits (continued)
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FIGURE 6. Reference Current Slew Rate Measurement (Note 7)
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TU/H/5€87-11
FIGURE 8. Negative Vges (Note 7)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voitags at pin 14 for con-
verting the reference voitage to a current, and a turn-around
cireuit or current mirror for feeding the ladder. The reference
amplifier input currrent, l14, must aiways flow into pin 14,
regardiess of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current ly4.
For bipolar reference signals, as in the muitiplying mode,

S

TU/H/5687-12
FIGURE 9. Programmable Gain Ampiifier or
Digitai Attenuator Circuit (Note 7)

R15 can be tied to a negative voitage corresponding to the
minimum input level, It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Veg or
ground, but using Veg increases negative supply rejection.




Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation invoives a capacitor to Veg on
pin 18, using the values of the previous paragraph. The neg-
ative raference voltage must be at least 4V above the Vege
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input level at pin 15.

When a DC reference voitage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-
ply which drives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the ampilifier must be heavily compensated,. de-
creasing the overall bandwidth.

QUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to
0.4V when Vegz = —5V due to the current switching meth-
ods empioyed in the DAC0808.

The negative output voitage compliance of the DAC0808 is
extended to —5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k2 between pin 4 and ground will
yield a voltage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or ppwer dissipation. Howsever, the value of the load
resistor determines the switching time due to increased volit-
age swing. Values of Ry up to 5000 do not significantly
atfect performance, but a 2.5 kN foad increases worst-case
settling time to 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximur-rating of 4.2 mA may be used
only for negative supply voltages more negative than —8V,
due to the increased voltage drop across the resistors in the
referance current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current

level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DAC0808 is essentially constant with temperature due to

the excellent temperature tracking of the monolithic resistor
ladder. The reference cument may drift with tempaerature,
causing a change in the absolute accuracy of output cur- .
rent. However, the DAC0808 has a very low full-s¢ale cur-
rent drift with temperature. N

The DAC0808 series is guaranteed accurate to within 14
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current |
to pin 14 has a guaranteed value of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit Is shown in Figure 4. The 12-
bit converter is calibrated for a full-scale output current of
1.992 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO0808 circuits' full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak detactor.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of 4, of one part in 65,536 or +£0.00076%,
which is much more accurate than the *0.019% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DACO0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. !f the reference cument in the muitiplying
mode ranges from 16 uA to 4 mA, the additional eror con-
tributions ars less than 1.6 pA. This is weil within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DACO0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with
a DG reference cument is 0.5 to 4 mA.

SETTLING TIME ’

The worst-case switching condition occurs when ail bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
+ 1/, LSB, for 8-bit accuracy, and 100 ns to Y, LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when Ry < 5000 and Co < 25 pF.

‘Extra care must be taken in board layout since this is usualty

the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 wF supply bypassing
for fow frequencies, and minimum scope lead length are all
mandatory.
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LM382 Low Noise Dual Preamplifier

General Description

The LM382 is a dual preamplifier for the ampiification of low
level signals in applications requiring optimum noise per-

formance. Each of the two amplifiers is completely indepen-~

dent, with individual internal power supply decoupler-reguia-
tor, providing 120 dB supply rejection and 60 dB channel
separation. Other outstanding features include high gain
(100 dB), and wide power bandwidth (75 kHz, 20 Vp-p). The
LM382 operates from a single supply across the wide range
of 9V to 40V.

A resistor matrix is provided on the chip 1o allow the user to
se.ect a variety of closed loop gain options and frequency
response characteristics such as flat-band, NAB or RIAA
equalization. The circuit is supplied in the 14 lead dual-in-
line package.

Features

| Low noise — 0.8 pV total equivalent input noise
& High gain — 100 dB open loop .

R Single supply operation b
® Wide supply range 9V to 40V

8 Power supply rejection — 120 dB

u Large output voltage swing

B Wide bandwidth — 15 MHz unity gain

8 Power bandwidth — 75 kHz, 20 Vp-p

B Internally compensated

m Short circuit protected

Schematic and Connection Diagrams
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Otfice/
Distributors for availability and specifications.

Operating Temperature Range
Storage Temperature Range

0°Cto +70°C

—65'Cto +150°C

Lead Temperature (Soldering, 10 sec. +260°C
Supply Voltage +40V P ¢ S )
Power Dissipation (Note 1) 1.56 W
Electrical Characteristics 1, = 25°C, vec = 14V, unless otherwise stated.
Parameter Conditions Min Typ Max Units
Voitage Gain Open Loop, f =100 Hz 100,000 VIV
Supply Current Voo 9V 10 40V, Ry = oo 10 20 mA
Qutput DC Voltage 6 '
Input Resistance .
(Positive Input) 100 kQ
{Negative input) 200 %O
Input Current
(Negative Input) 0.5 1A
Output Resistance Open Loop 150 n
Qutput Current Source 8 mA
Sink 2 mA
Qutput Voitage Swing Peak-to-Peak, Ry = 10k 12 \"
Unity Gain Bandwidth 15 MHz
Power Bandwidth 20 Vp-p (Vo = 24V) 75 kHz
Maximum Input Voltage Linear Operation 300 mvVrms
Supply Rejection Ratio t = 1kHz 120 dB8
Channel Separation f=1kHz 40 60 ds
Total Harmonic Distortion 60 d8 Gain, f = 1 kHz 0.1 0.3 %
Total Equivaient Input Rs = 6009, 100-10,000 Hz
Noise (Flat Response Circuit) ug 1? wvms
Note 1: For operation in above 25°C, the device must be derated based on a 150°C anda
af 80°C/W juncton to ambient.
Typical Applications
TUH/7842-3
Tape Preamp (NAB Equalization)
Ve
126
O% TL/H/T7B42-4
Phono Preamp (RIAA Equalization)
Capacitor Gain
. C1 Only 40d8
& C2Only 55d8
et c1&cC2 80d8
rnu
TUH/T842-5

Flat Response — Fixed Gain Configuration




at high frequencies. {At low frequencies where loop gain is
large the impedance at the inverting input is very small and
Rg is effectively not present: at higher frequencies loop
gain decreases, causing the inverting impedance to rise to
the limit set by R5. At these frequencies Rg acts as a

‘voltage divider for the input volitage guaranteeing amplifier

gain of 10 when properly selected.) If the ratio of Rq
divided by RgliRg is at least ten, then stability is assured.
Since Ry is typically ten times Rg (for large supply voltages)
and Rg equals Ra (for unity gain), then the circuit is stable
without additional components. For low voltage applica-
tions where the ratio of R4 to Rg is less than ten, it becomes
necsssary to parallel Rg with a series R-C network so the
ratio at high frequencies satisfies the gain requirement.
Figure 2.8.3 shows such an arrangement with the constraints
on Ry being given by Equations {2.8.1)-(2.8.3).

Ay pin2t104) = « e 2 10 {2.8.1)
v RslIR6lR7
RY = RgliRg (2.8.2)
RY Rs
R? € ——o—ru-— {2.8.3)
10RY - Rg

FIGURE 2.8.3 Unity Gsin Amolifier for Low Supply Voitage

Example 2.8.1

Design a low noise unity gain inverting amplifier to operate
from Vg = 12V, with low frequency capabilities to 20Hz,
input impedance equal to 20k$2, and a load impedance of
100kS2.

Solution:

1. Rip = Rg = 20kQ2.

2. For unity gain Rq = Rg, Rg = 20k, _
3. From Figure 2.8.2:

Vs 12
Rg ={ —~-1)Rg ={-=-1]Rs
4 (2.6 >5 (2.6 )
Rg = 3.62Rs

Therefore:

R
Rg = 4 20k 5,5250
362 3.62 H

Use R = 5.6k,

4, From Equation (2.8._2):

5.6k x 20k
5.6k + 20k

8. From Equation (2.8.3):

RY = RglliRg = = 4375

RYR 3
Ay < 4 . 4375 x 20 x 10 = 3684

10RY - R4 10 x 4375 - (20 x 103}

Use R7 = 3.6k
6. For fo = 20Hz,*

1 - 1

Cy = = 3.98 x 10~7
2nfo Rg 2w x 20 x 20k
Use C2 = Q.5ufF,
- ! - ! = 7.95x 10-8
2uwfs R 2m x 20 x 100k

Use Ce = 0.1uF.

7. The selection of C3 is somewhat arbitrary, as its effect is
only necessary at high frequencies. A convenient fre-
quency for calculation purposes is 20kHz.

c3 = . - ! = 2.21 x 109
27 (20kHz) R7 27 x 20k x 3.6k

Use C3 = 0.00224F. .

2.8.5 Application to Feedback Tone Controis

One of the most common audio circuits requiring unity
Gain stability is active tone contiols. Complete design
details are given in Section 2,14. An example of modified
Baxandall tone controls using an LM387 appears as Figure
2.14.10 and should be consulted as an apptication.of the
stabilizing methods discussed in Section 2.8.4.

29 LM382 LOW NOISE DUAL PREAMPLIFIER WITH
RESISTOR MATRIX

2.9.1 Introduction

The LM382 is a dual preamplifier patterned after the LM381
low noise circuitry but with the addition of an internal
resistor matrix, The resistor matrix allows the user to
select a variety of closed loop gain options and frequency
response characteristics such as flat-band, NAB (tape), or
RIAA (phonograph) equalization. The LM382 possesses ail
of the features of the LM381 with two exceptions: no
single ended input biasing option and no external pins for
adding additional compensation capacitance. The internal
resistors provide for biasing of the negative input auto-
matically, so no external resistors are necessary and use of
the LLM382 creates the lowest parts count possible for
standard designs. Originally developed for the automotive
tape player market with a nominal supply voltage of +12V,
the output is self queuing to about +6V (regardless of
applied voitage — but this can be defeated, as will be
discussed later). A diagram of the LM382 showing the
resistor matrix appears as Figure 2.9.1.




FIGURE 2.9.1 LM382 Resistor Matrix

2.9.2 Non-inverting AC Amplifier

The fixed-gain flat-response configuration of the LM382
{Figure 2.9.2) shows that with just two or three capacitors a
complete high gain, low noise preamplifier is created.

GAIN *REQUIAED

Wi cronty
e cpomLy
na aag

FIGURE 2.9.2 LM382 s Fixed Gain-Flet Aesponse
Non-inverting Amplifier

To understand how the gains of Figure 2.9.2 are calculated
it is necessary to redraw each case with the capacitors
short-circuited and include only the relevant portion of the
resistor rietwork per Figure 2.9.1. The redrawn 40dB gain
configuration (Cy only) appears as Figure 2.9.3.

uas a. l’

FIGURE 2.9.3 Equivatent Circuit for 40 dB Gain (Cy Onty)

T

Since bias currents are small and may be ignored in gain
calculations, the S0k input resistor does not affect gain,
Therefore, the gain is given by:

Ay = 1+ 2% L 101 = 4008
500

(1

stu (5,10

FIGURE 2.9.4 Equivalent Circuit for 58 4B Gain {C2 Only)

With Co only, the redrawn equivalent circuit looks like
Figure 2.9.4. Since the feedback network is wye-connected,
it is easiest to perform a wye-delta transformation (see
Appendix A3) in order to find an effective feedback
resistor so the gain may be calculated. A complete trans-
formation produces three equivalent resistors, two of which
may be ignored. These are the ones that connect from the
ends of each B0k{2 resistor to ground; one acts as a load on
the amplifier and doesn’t enter into the gain caiculations,
and the other parailels 5002 and is farge enough to have no
effect. The remaining transformed resisto( connects directly
from the output to the input and is the equivaient feedback
resistor, R¢. Its value is found from:

2
R¢ (equivaient) = 50k + 50k +.(510Tkk)- = 267k

The gain is now simply

Avg = 1+287% L 535 ~ 5548
500

Adding both Cy and C2 gives the equivalent circuit of
Figure 2.9.5.

31 &0

FIGURE 2.9.5 Equivalent Circuit for 80 48 Gain {Cy and C3}




Treating Figure 2.9.5 similarly to Figure 2.9.4, an equivalent
feedback resistor is caiculated:

2
R¢ (equivalent) = 50k + 50k + (—55%— = 5.1 Meg

Therefore, the gain is:

= 10201 ~ 80d8. _

5.1 Meg
= ‘|+———
v12 500

2.9.3 Adjustable Gain for Non-Inverting Cass

As can be learned from the preceding paragraphs, there are
many combinations of ways to configure the resistor
matrix. By adding a resistor in series with the capacitors it
is possible to vary the gain. Care must be taken in attempt-
ing low gains (< 20dB), as the LM382 is not unity gain
stable and should not be operated below gains of 20dB.
{Under certain specialized applications unity gain is possible,
as will ba demonstrated later.) A general circuit aliowing
adjustable gain and requiring only one capacitor appears as
Figure 2.9.6.

NS 5 6.8 10,12

¢; ALLWOCONNECTION I
I
I 4
AN o h%
1 vt
- —_ 3
Y niem R

fy = LOW FREQUENCY -348 CORNER

FIGURE 2.9.6 Adj Gain Nan-i ing Amplifi

" Referring to Figure 2.9.1, it is seen that the R1-C1 combina-
tion is used instead of the internal 500 resistor and that
the remaining pins are left unconnected. The equivalent
resistance of the 50k-50k-15k wye feedback network was
found previously to equal 267k£2, so the gain is now given
by Equation {2.9.1).

oe My
"
Gain = 1+ 2k Lsomy (29.1)
Ry
And C1 is found from Equation (2.9.2):
! (29.2)

[ —
2rfy Ry
where: {5 = |ow frequency ~3dB corner.

2.9.4 Internal Bias Override

As mentioned in the introduction, it is possible to override
the internai bias resistor which causes the output quiescent
point to sit at +68V regardless of applied voitage. This is

done by adding a resistor at pin 5 (or 10) which paraltels
the internal 15k resistor and defeats its effect {Figure
29.7).

I
~N
wr N

FIGURE 2.9.7 Internal Biss Override Resistor

Since the positive input is biased internaily to a potential
of +1.3V (see circuit description for LM381), it is necessary
that the DC potential at the negative input equal +1.3V
also. Because bias current is small {0.5uA), the voitage drop
across the 50k resistor may be ignored, which says thereis
+1.3V across RQ. The current developed by this potential
across RQ is drawn from the output stage, through the 50k
resistor, through RQ and to ground. The subsequent voltage
drop across the 50k resistor is additive to the +1.3V and
determines the output DC level. Stated mathematically,

V. Y :
= a3 3verav (2.8.3)-
2 RX -

where: RX = RQ|15k

From Equation {2.9.3) the relationships of RX and RQ may
be expressed.

RX = 90K (2.9.4)

\L

—-1

28

Q = AX 115K

—_— {2.9.5)
15k - RX

Example 2.9.1
Select RQ such that the output of a LM382 will center at

-12Vpc when operated from a supply of V¢ = 24Vp(C.

Solution

1. Calculate RX from Equation (2.9.4).
. S0x103
24

—n1

2.6
2. Calculate RQ from Equation (2.9.5),

RX = 607582

(6075)(15 x 103)
(15 x 103} - 6075

Use RQ = 10kK2.

RQ = = 10210Q




Since RQ parallels the 15k resistar, then the AC gains due
to the addition of capacitor Cq or C2 (or bath) (as given in
Figure 2.9 2) are changed. The new gain equations become
a function *t RQ and are given as Equations {2.9.6)-(2.9.8)
and refer to Figure 2.9.8.

Cti Only: Gain = 1+ SOk _ . (2.9.6)
RQII500
, 6
C2 Only:  Gain = 201 #5x 100 (29.7)
6
Ci&Cy: Gain = 201 + 22100 (2.9.8)

RQYS00

where: RX and RQ are given by Equations (2.9.4) and
(2.9.5). ’

* - IF REQUIAED
MNS 2 & 13 N0 CONNECTION

FIGURE 2.9.8 Fixed Gain Amoplifier with Internal Bias Override

Continuing the previous example to find the effect of RQ
on the gain yields:

50k
10kiI500

3. C1Only: Gain = 1+ = 53.6dB

5x 106

4. C2 Only: Gain = 201 + = 60.2d8
. 6075

5x106:

5. C1 & Cp: Gain = 201+
10ki500

80.6d8

2.9.5 Inverting AC Amplifier

Examination of the resistor matrix (Figure 2.9.1) reveals
that an inverting AC amplifier can be created with just one
resistar (Figure 2.9.9).

The gain is found by calculating the equivalent feedback
resistance as before, and appears in Figure 2.9.9. Higher
gains are possible (while retaining large input resistance = R 1)
by adding capacitor C1 as shown in Figure 2.9.10.

The internal bias override technique discussed for the non.
inverung configuration may be applied to the inverting case
a well. The required value of RQ is calculated from
Equations (2.9.4) and (2.9.5) and affects the gain relation
shown in Figures 2.9.9 and 2.9.10. Thé new gain equationg

are:
2

9
Without C1:  Gain = |[- A 105 + Z_S_ﬂ (2.9.9)
Ry RQIi15k .

9
With Cp: Gain = {-.1)f105 + 232197 5010
A1 RQII500

and the circuit is shown in Figure 2.9.11,

GAm - -’:—:' (> 1048 FOR STAMILITY}

e = LOW FAEQUENCY -148 COANER
INPUT IMPEDANCE « Rg
PINS ). 6, 6,9, 12,12 NOT USED

FIGURE 2.3.9 LM382 as inverting AC Amplitier

vs

fo * LOW FREQUENCY -348 GOANER
INPUT IMPEBANCE « Ay
MNS 1S, 18,12 NOT USED

FIGURE 2.9.10 High Gain Inverting AC Amplifier

* - IF AEQUIRED
MNS 3 & 12 NOT USED

FIGURE 2.9.11 Inverting Amplifier with Internal Bias Override




Example 2.9.2

Design an inverting amplifier to operate from a supply of
Vg = 24 Vpg, with output quiescent point equal to 12VpC.,
gain equal to 40dB, input impedance greater than 10k,
low frequency performance flat to 20Hz, and a load
impedance equal to 100k<2.

1. From the previous example RQ = 10k£2.
2. Add Cy for high gain and input impedance,
3. Calculate Ry from Equation (2.9.10).

9
Ry = R 105+2.5x10
Gain RQ{i500

9 . .
Ry = (-2 (105 + 232107 (note: 4048 = 102v/v)
102 10K11500

Ry = 5.35x 104

~  Use R1 = 56kQ.
4. Calculate Co from equation shown in Figure 2.9.9.

1 1

- « 142x10°7
2mto Ry (2m) (20} (S6Kk)

coa

+ Use Co = 0.15uF.
5. Calculate C¢ from Equation {2.6.12).

1 1

Ce = = = 7.96x 10-8
(2m) (20 (105)

2xfg Ry

Use Ce = 0.1uF.
The complete amplifier is shown in Figure 2.9.12.

FIGURE 2.9.12 Inverting Amplifier with Gain = 40 d8 snd
Vg =+20V

2.9.8 Unity Gain Inverting Amplifier

Referring back to Figure 2.9.1, it can be seen that by
shorting pin 2 {or 13) to 5 {or 10) the feedback network
reduces to a single S50kS1 resistor connected from the
output to the inverting input, plus the 15k biasing
resistor from the inverting input to ground. To create unity
gain then, a resistor equal to 50kS2 is connected to the

minus input. Simple enough; however, the amplifier is not.

stable. Since the 15k resistor acts as a voitage divider to
the input, the gain of the amplifier (pin 7 to pin 2} is only
S0k divided by 15k, or 3.33V/V. Minimum required gain
for stability is 10V/V, so it becomes necessary to shunt the
15k resistor with a new resistor such that the parallel
combination equals 5k{. This may be done AC or DC,

depending upon supply voltage. If done DC (tied from pin
2 (or 13) directly to ground}, then it becomes RQ (from
Figure 2.9.7) and affects the output DC level. Placing 2
capacitor in series with this resistor makes it effective only
for AC voltages and does not change the output level. The
required resistor equals 9,1kS2, which is close enough to the
required RQ for Vg = 24V, Two examples of unity gain
amplifiers appesr as Figure 2.9.13 and should satisfy the
majority of applications.

(s} Supply Voitage = 24 Voits

{b) Supply Voitage = 12 Vaits

.

FIGURE 2.9.13 Unity Gain [nverting Amplifier

2.9.7 Remarks

The above application hints are not meant to be al|-inélusive,
but rather are offered as an aid to LM382 users to familiarize
them with its many possibilities. Once understood, the
internal resistor matrix allows for many possible configura-
tions, only a few of which have besn described in this

section.
\

2.10 LM1303 STEREO PREAMPLIFIER

2.10.1 (ntroduction

The LM1303 is a dual preamplifiar designed to be operated
from split supplies ranging from £4.5V up to £15V. It has
“op amp” type inputs allowing large input signals with low
distortion performance. The wideband noise performance
is superior to traditional operational amplifiers, being
typically 0.9VRMS (10kHz bandwidth). Compensation is
done externally and offers the user a variety of choices,
since three compensation points are brought out for each
amplifier. The LM1303 is pin-for-pin compatible with
739" type dual preamplifiers and in most applications
serves as a direct replacement.




KM62256A/KM62256AL

-- CMOS SRAM

32K x 8 Bit Static RAM

FEATURES

* Fast Access Time 80, 100, 120 ns (max).
¢ {ow Power Dissipation
Standby: 0.55mW (max.)
Operating: 248mW (max.)
» Low Data Retention Current: 50uA (max.)
¢ Capability of Battery Back-up Operation
¢ Data Retention Voltage: 2.0V (min.)
* Single 5V = 10% supply
* TTL compatible inputs and outputs
* Pin compatible with 256K EPROMS
¢ Fully Static Operation
— No clock or refresh required
¢ Standard 28-pin DIP (600 mil) and 28-pin SOP
(330 mil)
e Common l/Q, Tristate Output

FUNCTIONAL BLOCK DJAGRAM

GENERAL DESCRIPTION

The KM62256A/AL is a 262, 144 bit high speed Static
Random Access Memory organized as 32,768 words by
8 bits.

This device is fabricated using advanced SST'S CMOS
technoloqy with polysilicon resistors.

The KM62256A/AL. has an output enable for precise con-
trol of the data output.

It also has a chip enable for the minimum current pow-
er down mode. The KM62256A/AL has been designed
for high speed and low power applications. It is partic-
ularly well suited for battery back up non-volatile
memory applications.

Two versions are available the KM62256A - and
KM62256AL. The L-version is specified with lower stand-
by and data retention currents than the standard version.

Otherwise the.two version are identical.

PIN CONFIGURATION

CLOCK GEN 1 PRecrARGE circuiT \ J
[ T T = ‘ ! Aw 1] 281 vee
r [ N R | a2 | we
Ao—H{ 3= ——Vee ar (3] - 78] Ana
o ia g s MG )
5 o -
as5]- 74 A
Ago____‘/: § o] 8 o 8 o As L;- % % A'
Aro—t 1S a o gt w g w L. _“
e w s 1z/a]slz|= A 3 72
~o— c @, © @ 3 [Z [22] OE
Aso— ¥ a SlejejeRl e = —
Azo— 5= z a2 2] 23 Ao
Ano—-02 . As 2 20! Cs -
Ava ‘:,‘“ “,M 18} UOs
I = j 101 [i7] 18] V07
N ! 102 (2] [17] 10g
uo,n——-—D—S— INpUT 4O CIRCUIT o3 i3] 6l vos
1Oy© [ )-f conraol COLUMN SELECT_ vss [i7] 151 10,
cLocx | g
GEN  [= l} %} A % i Pin Name Pin Function
& b 644 b o ~A Address Inputs
< oA Ag Ay A2  Ag Aig A1y Ao 1 P
Y WE Write Enable
WE
Cs Chip Select
o] (o] Output Enable
110y~ 10, Data InputsiOutputs
Vee + 5V Power Supply
Vss Ground

¢ SAMSUNG
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KM62256 A/KM62256AL

- %

CMOS SRAM

, ABSOLUTE MAXIMUM RATINGS (see Notey*

Rating  Symbol Value .. Units -+~
Voltage on any Pin Reiative to Veg Vine Vour ~0.31t0 Vec+0.5 "
Voltage on Ve Supply Relative to Vee Vee <05t +7.0 v
Power Dissipation Po 1.0 w
Storage Temperature Tao —-55t0 +125 *c
Operating Temperature Ta Oto +70 °C

*Note: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional operation of tha device at these or any other condi-
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab-
solute maximum rating conditions for extended periods may affect reliability.

RECOMMENDED OPERATING CONDITIONS (T.=0°C to 70°C)

Parameter | Symbol Min Typ Max i Unit 1
Supply Voltage i Vee 4.5 5.0 55 i v
Ground | Vss 0 0 0 ! v
Input High Voltage | Vi 22 - Vee+05 | v
Input Low Voltage ! Vu -0.3* - 08 i ' v
* Note: Vi (min)= - 3.0V for<50ns puise . e
DC AND OPERATING CHARACTERISTICS
(Ta=0°C to 70°C, Vcc =5V = 10%, unless otherwise specified)
Parameter Symbol [ Test Conditions I Devicae Min | Typ | Max l Units
Input Leakage Current Iy Vin = Ves 10 Veo | 4 0 rA
C8=Vuor OE= Vi - N
Qutput Leakage Current o Vio=Ves 10 Vee ] 1 uA
Operating Power Supply CS=vy, !
Current toct lout = 0mA 45| mA
. Min Cycle, 100% Duty
Average Operating Current lee TS = Vi, logr= OmA 35 70 mA
Iss CS=Vi 2| mA
Standby Power Supply _ KM62256A ! 1 A
Current lsar CS2Vec-0.2v ; T
KM62256AL | 2 ! 100 uA
Output Low Voitage Voo lo=2.1mA i 04 v
Output High Voltage Vou | lon= - 1.0mA 24 | j v

¢ SAMSUNG
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KM62256A/KM62256AL CMOS SRAM

CAPACITANCE (r,=25°C, Voo =5V, f= 1.0 MHz) o _ -

Parameter Symbol Conditions Min Max Unit
Input Capacitance Cw V=0V - 8 pF
Input/Output Capacitance Cwo Vo =0V’ - 8- T opF”

Note: Capacitance is periodically sampled and not 100% tested.

AC CHARACTERISTICS )

(Ta=0°C to 70°C, Vec =5V = 10%, unless otherwise specified)

TEST CONDITIONS

Parameter Value
Input Pulse Leveis 0.8 to 2.4v
Input Rise and Fall Times 5ns

Input and Qutput Timing

Referenca Levels 1.5V

1 TTL Load and C, =100 pF

Qutput Load {including scope and jig capacitance)
READ CYCLE
KM82256A-8 KM62256A-10 .KMB2256A-12
Parameter Symbol | KM62258AL8 | KM62256AL-10 | KM62256AL-12 Unit
Min | Max | Min | Max | Min | Max
Read Cycle Time e | 80 100 120 ns
Address Access Time | 80 100 120 ns
Chip Select to Qutput tacs 80 100 120 ns
Output Enable to Valid Output toe 40 80 - ’ 60 ns
Chip Enable to Low-Z Qutput toa 5 10 10 ns
Output Enable to Low-Z Output towz I 5 5 5 ns
Chip Disable to High-Z Qutput tenz 0 30 35 0 40 ns
Output Disable to High-Z Output tonz 0 30 0 35 0 40 ns
Qutput Hold from Address Change ton 5 10 15 ns

' @ BSGWA."&IISUNG 193




KM62256A/KM62256AL - CMOS SRAM
WRITE CYCLE
B KM62256A-8 | KM62256A-10 | KM62256A.12 )
Parameter Symbol | KM62256AL-8 | KM62256AL-10 | KM62256AL-12 | ynit
Min Max Min Max Min Max
Write Cycle Time twe 80 ~ -} 100 - 120 }... _.1 ns
Chip Select to End of Write tew 70 80 85 . ns
Address Set-up Time tas 0 0 ] ns
Address Valid to End of Write taw 70 80 85 ns
Write Puise Width twe 55 60 70 | ns
“Write Recovery Time twa 0 5 5 ns
Write to Output High-Z twwz 0 30 0 35 0 40 ns
Data to Write Time Overlap tow 40 50 60 ns
Data Hold from Write Time ton 0 0 0 ns
End of Write to Output Low-Z tow 5 10 10 ns

NOTES: 1. teuz and tonz are definded as the time at which the outputs achieve the open circuit condition and
are not referenced to the Vou or Vo level.
2. At any given temperature and voltage condition, ez max is less then taz min both for a given device

and from device to device.
. WE is high for read cycle.

CONDOME WL

TIMING DIAGRAMS
READ CYCLE (NOTE 1,2,3,4)

. Address valid prior to or coincident with CS transition low.
A write occurs during the overlap (twe) of a low CS and a low WE.
. During this period, /O pins are in the output state. The input signals out of phase must not applied.
CS or WE must be high during address transition.

. 1f OE is high, IO pins remain in a high-impedance state.
. OF is continuously low. (OF = Vy)
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KM62256 A/KMB2256AL . CMOS SRAM

TIMING DIAGRAMS (Continued) 5 - . .
WRITE CYCLE 1 (OE Clocked) (NOTE 5,6,7,8)

twe
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WRITE CYCLE 2 (OE Low Fixed) (NOTE 5,6,7,8,9)
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KM62256 A/KM62256AL CMOS SRAM

DATA RETENTION CHARACTERISTICS (7,=0°C to +70°C) U

(This characteristic is guaranted only for L-version)

Parameter Symbol Test Condition Min Typ Max Units
Ves for Data Retention Von CBaVec-02v ° . 20 . 5.5 v
. Vee =3.0V
Data Retention Current lon . T8> Vee-02V - Lo | 50 #A
Data Retention Set-up Time tson See Data Retention 0 ns
RQCOVQN Time tron Wave forms (beIOW) tac® ns

* tac = Read Cycle Time

DATA RETENTION WAVEFORM

)
Data R ion Mode — == -lADA- =i

CSaVee ~-0.2v

Note: The Other inputs (Address, OF, WE, I/0) can be in a high impedance state
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