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E p Differential Linearity Error

The difference between the actual
differential linearity and the ideal
differential linearity of a device.
Differential linearity is a measure of
the variation of the separation between
the midpoints of adjacent conversion
levels.

Ey; Integral Linearity Error (Independent)
The maximum difference between
actual transfer characteristic of a
converter and the straight line that best
fits the data. Ej 1 is usually expressed
as a percentage of full-scale or in an
equivalent number of Least Significant
Bits.

E)y Integral Linearity Error (Terminal-Based)

The maximum difference between the
actual transfer characteristics of a
converter and the straight line that
passes through the end-points
(terminals) of that data.

Egg Offset Error, Bottom

The voltage difference between the
voltage applied to the terminal at the
bottom of the reference resistor chain
(Rp) and a point that is 1/2 LSB more
negative than the threshold voltage of
the last (bottom) comparator in the
chain. Egp is due to parasitic
resistances in the path between the
integrated circuit and the terminal.

Egy Offset Error, Top

The voltage difference between the
voltage applied to the terminal at the
top of the reference resistor chain (R)
and a point that is 1/2 LSB more
positive than the threshold voltage of
the first (top) comparator in the chain.
EQT is due to parasitic resistances in
the path between the integrated circuit
and the terminal.

Fg Maximum Conversion Rate

The maximum frequency that can be
applied to a clock or convert input
while insuring that the conversion
accuracy is not degraded. This
parameter is expressed as a minimum
to indicate that the device will operate
correctly at a conversion rate of ‘‘at
least’” that specified rate.

FTg, FTp, FTR Feedthrough -clock, -data,
-reference

A measure of unwanted leakage from
an input port of a device to another
port (e.g., the analog output of a D/A
converter), which is expressed in
decibels relative to the full-scale value
of the output. Clock and data
feedthrough refer to spurious output
noise arising from logic transitions at
the clock and data inputs. Reference
feedthrough relates to output variation
as a function of reference variation in a
D/A converter when data inputs
correspond to a zero output.

Ge Peak Glitch Charge

The maximum product of the glitch
current and the duration of the glitch;
usually given in units of picoCoulombs
(pC). Since glitches tend to be
symmetric, the average glitch charge is
usually much less than the peak glitch
charge.

Gg Peak Glitch “Energy” (Area)

The maximum product of the glitch
voltage and the duration of the glitch;
usually given in units of
picoVolt-seconds (pV-sec). Since
glitches tend to be symmetric, the
average glitch area is usually much less
than the peak glitch area.

Gy Peak Glitch Current

The transient current deviation from the
ideal output current during an input
code transition.

Gy Peak Glitch Voltage

The transient voltage deviation from the
ideal output voltage during an input
code transition.

Icg Input Constant Bias Current

The constant current drawn into the
input of a flash A/D converter which is
the sum of input currents of
comparators which are active. This
current varies with the input signal
level, as comparator input transistors
are cut-off or become active. The
highest Icg occurs when the input
voltage to the converter is higher than
all the comparator threshold voltages.

Igc Positive Supply Current

Current flowing into the positive power
supply terminals from the positive
power supply.



Igg Negative Supply Current

Current flowing out of the negative
power supply terminals into the
negative power supply.

Iy Input Current, Maximum Input Voltage

Current flowing into a digital input
under worst-case power supply and
input voltage conditions.

iy Input Current, Logic High

Current flowing into a digital input
when a logic HIGH is applied to that
input.

hL lnput Current, Logic Low

Current flowing into a digital input
when a logic LOW is applied to that
input.

Ipp Output Offset Current

The residual output current of a D/A
converter that flows when all internal
current sinks are switched off.

lgy Output Current, Logic HIGH

The current that flows out of a digital
output into an external load when that
output is in a logic HIGH state.

IgL Output Current, Logic LOW

The current that flows between an
external load and a digital output when
that output is in a logic LOW state.

gy Maximum Current, — Qutput

The maximum current that flows into
the ““OUT-"" output of a D/A
converter.

lgp Maximum Current, + Output
The maximum current that flows into

the ““OUT+"" output of a D/A
converter.

lpg Short Circuit Qutput Current

The current that flows from a digital
output to ground when that output is
connected to digital ground and is
forced to a logic HIGH state.

Iner Reference Current

Current flowing into or out of the
reference input terminals of an A/D or
D/A converter.

Isg Input Clock-Synchronous Bias Current

The variation of input bias current
which occurs when the comparators are
strobed by the convert clock. The Igg
component of the input bias current is
normally much smaller than the Input
Constant Bias Current, Icp.

MSPS Megasamples Per Second

The abbreviation for the conversion
rate (clock or convert frequency) at
which an A/D or D/A converter is
operating.

NPR Noise Power Ratio

The Decibel ratio of the noise level in
a measuring channel with the baseband
fully noise loaded, to the level in that
channel with all of the baseband noise
loaded except the measuring channel.

PREL Preload (Control)

A control signal which determines (in
conjunction with the three-state control
pins) which of three signals is to be
loaded into the output register at the
rising edge of the product clock: the
result of the calculations which were
just performed, the present contents of
the output register, or a value applied
to the output port by external circuitry.

PSS Power Supply Sensitivity

A measure of DC variation of an
output under consideration (e.g., the
analog output of a D/A converter) as
the power supply voltage is varied
around the nominal value. PSS is
specified in milliamps or millivolts of
output change per volt of supply
change.

PSRR Power Supply Rejection Ratio

A measure of high-frequency noise
rejection from the power supply inputs
of a device to the output under
consideration (e.g., the analog output
of a D/A converter). Expressed in
decibels relative to full-scale output.
Generally, PSRR decreases with
increasing frequency, and for this
reason is often specified at more than
one frequency.
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Q Code Size

The nominal amount of voltage change
at the analog input of the converter
required to change the digital output
data by one Least Significant Bit. Q is
calculated from: )

Full-scale input voltage range A

Total number of possible codes - 1 ) (2N)-1
where A is typically 0.5, 1.0, or 2.0
Volts depending on the specific A/D
converter and N is the number of bits
of resolution of the specific converter.

RES Resolution

The smallest level separation (input
level for A/Ds and output level for
D/As) that is unambiguously
distinguishable over the full-scale range
of a converter. It is expressed as a
percentage of full-scale or as an
equivalent number of bits; usually the
number of data inputs of a D/A or data
outputs of an A/D converter.

Riy Equivalent Input Resistance

The equivalent resistance between the
analog input of an A/D converter and
analog ground.

Rg Equivalent Output Resistance

The effective equivalent resistance
between an analog output terminal of a
D/A converter and analog ground.

Rpeg Total Reference Resistance

Total resistance between the top (RT)
and bottom (Rp) of the reference
resistor chain.

RS Right Shift (Contral)

A control signal which changes the
output format to permit a valid resuit
for the product of two most negative
numbers.

SNR Signal-to-Noise Ratio

Signal-to-noise ratio is the ratio of the
output signal (peak or RMS) to the
RMS output noise level. Since the
generation of spurious output noise in a
converter varies with conversion rate
and input frequency, SNR figures
under various conditions are often
specified. SNR is expressed in dB
relative to the full-scale value.

SUB Subtract (Control)

A control signal which determines
whether the present contents of the
output register is added to

(SUB = LOW) or subtracted from
(SUM = HIGH) the product at the
output.

Tp Ambient Temperature

The temperature of the air in the
immediate vicinity of the package
containing an integrated circuit.

TC Two's Complement (General Definition)

Two’s complement is a binary
numbering system in which the Most
Significant Bit (MSB) carries the sign
information by virtue of a negative
place value. In two’s complement, an
MSB of ZERO signifies a positive
number, a ONE denotes a negative
number, and the negative number order
is reversed from straight binary. That
is, the number which consists of all
ONEs is the least negative number, and
the number which consists of a ONE
and all ZEROs is the most negative
number.

TC Two's Complement (Control)

An active HIGH signal which
designates one or both inputs as two’s
complement numbers. If TC is LOW,
unsigned magnitude processing will be
used. Note that some parts allow
independent designation of each input
as two’s complement or unsigned
magnitude, and other parts do not.

Te Case Temperature

The temperature of the package
containing an integrated circuit.

TCg Gain Error Tempco

The factor which linearly approximates
the variation with temperature of
Absolute Gain Error, Eg.

TCq Offset Error Tempco

The factor which linearly approximates
the variation with temperature of Offset
Error Top (EqT) and Offset Error
Bottom (EQp).

tp Output Delay Time

The period between the rising edge of
the output register clock and the time
when output data is guaranteed to be
stable and valid.



ty Hold Time

The time period after the operative
edge of a CLK signal during which
input data must be constant in order to
be correctly registered.

typ Output Hold Time

The period between the rising edge of
the output register clock and the time

when output data begins to change to

its next value.

tpy Pulse Width

The time period between consecutive
edges of a logic pulse.

tpwH Puise Width, HIGH

The time period between the rising
edge of a logic pulse and the falling
edge of that pulse.

tpwr Pulse Width, LOW

The time period between the falling
edge of a logic pulse and the rising
edge of the next pulse.

TRIL Three-State Least Significant Product
{Control)

A control which enables the output
state for the least significant product
when in the LOW state, and places the
output stage for the least significant
product in the high-impedance state
when HIGH.

TRIM Three-State Most Significant Product
(Control}

A control which enables the output
stage for the most significant product
when in the LOW state, and places the
output stage for the most significant
product in the high-impedance state
when HIGH.

tg Setup Time

The time period prior to the operative
edge of the clock signal during which
input data must be stable in order to be
correctly registered.

TSL Three-State Least Significant Product
(Control)

A control which enables the output
stage for the least significant product
when in the LOW state, and places the
output stage for the least significant
product in the high-impedance state
when HIGH. A HIGH on this control

also forces the most significant product
section of the output register to be
preloaded at the rising edge of the
product clock when PREL is active.

TSM Three-State Most Significant Product
(Control)

A control which enables the output
stage for the most significant product
when in the LOW state, and places the
output stage for the most significant
product in the high-impedance state
when HIGH. A HIGH on this control
also forces the most significant product
section of the output register to be
preloaded at the rising edge of the
product clock when PREL is active.

tsTo Sampling Time Offset

Sampling Time Offset as it relates to
flash A/D converters is a measure of
the time delay from convert clock to
the actual sampling time. tgTQ is
determined by logic propagation delays
and time taken for comparator
activation and latch-up.

TSX Three-State Extended Product (Control)

A control which enables the output
stage for the extended product when in
the LOW state, and places the output
stage for the extended product in the
high-impedance state when HIGH. A
HIGH on this control also forces the
extended product section of the output
register to be preloaded at the rising
edge of the product clock when PREL
is active.

tyg Transient Response Time

Transient Response Time is the time
taken by the A/D’s comparators to
recover from full-scale input transitions
and convert without increased code
errors.

Vagnp Analog Ground Voitage

Analog ground voltage is a measure of
the voltage at an analog ground
terminal, usually measured with respect
to digital ground.

Vee Positive Supply Voltage

The positive power supply voltage
required for operation of a device.

Vge Negative Supply Voltage

The negative power supply voltage
required for operation of a device.
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Veea Analog Supply Volitage

The negative power supply voltage
associated with the analog portion of a
device.

Vegp Digital Supply Voltage

The negative power supply voltage
associated with the digital portion of a
device.

Vicw Input Voltage, Common Mode Range

The operational limit over which a
differential logic input voltage may be
varied. .

Vipp Input Voltage, Differential

The voltage difference between a logic
input and its complementary input.

Vig Input Voltage, Logic HIGH
The voltage required on a digital input

in order for that input to be forced to a
valid logic HIGH state.

Vi Input Voltage, Logic LOW
The voltage required on a digital input

in order for that input to be forced to a
valid logic LOW state.

Vpcn Voltage Compliance, —Output

A measure of the range over which the
output voltage of a current generator
may be varied. Vocy is the voltage
compliance of the —output of a D/A
converter.

Vgep Voltage Compliance, +Output

Vocp is the voltage compliance of the
+output of a D/A converter. See

Vocn:

Voy Output Voltage, Logic HIGH

The voltage present on a digital output
when it is in the logic HIGH state and
is driving a specified load.

Vg Output Valtage, Logic LOW

The voltage present on a digital output
when it is in the logic LOW state and
is driving a specified load.

Vozs Output Voltage, Zero Scale

The residual output voltage of a D/A
converter that appears at its output
when all internal current sinks are
switched off.

Vpg Reference Input Voltage (Bottom)

The voltage applied to the terminal
corresponding to the bottom of the
reference resistor chain, Rg of an A/D
converter.

VT Reference Input Voltage (Top)

The voltage applied to the terminal
corresponding to the top of the
reference resistor chain, R of an A/D
converter.
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TRW Eiectronic Components Group



Ordering Information

For Special Assistance
Call The TRW Sales
Office Nearest You:

North American Sales Offices

Alabama, TRW ECG
Huntsville

Arizona, TRW ECG
Scottsdale

S. California, isds

Los Angeles

Woodland Hills

Santa Ana

San Diego

N. Cafifornia, Straube Assoc.
Mountain View

Colorado, Straube Assoc.
Westminster

Connecticut, TRW ECG
Rowayton

Florida, TRW ECG

Ft. Lauderdale

Ortando

Georgia, TRW ECG
Norcross

Idaho, TRW ECG

Boise

Wlinois, TRW ECG
Chicaga '
Indiana, R.0. Whitesell
Ft. Wayne

Indianapolis

Kokomo

lowa, C.H. Hom

Cedar Rapids

Kansas, Midtec Assoc.
Desoto

Kentucky, R.0. Whitesell
Louisville

Maryland, TRW
Baltimore

Massachusetts, TRW ECG
Framingham
Massachusetts, Byrne Assoc.
Maynard

Michigan, R.0. Whitesell
Southfield

St. Joseph

Grand Rapids

Minnesota, TRW ECG
Minneapolis

Missouri, J.G. Macke Co.
St. Louis

New York, TRW ECG
Rochester

Metro

North Carolina, TRW ECG
Greensboro

(205) 633-7600

(602} 994-0441

(213 4780183
(213) 883-7130
{714} 973-2162
(619) 571-1544

(415} 969-8060

(303) 426-0830

(203} 853-4486

(305} 772-3000
(305) 857-3650

(404) 4476154

{312) 6937730

(219} 432-5591
(317} 359-9283
{317) 457-9127

(319) 393-8703

1913} 441-8585

1502} 426-7696

1301} 964-9110

1617) 620-0625

1617) 897-3131

1313) 559-5454
{616} 9837337
1616} 942:5420

1612} 8546616

1314) 4322830

1116) 425-3775
1203) 853-4466

(919) 852-4676

Ohio, R.0. Whitesell
Cincinnati

Cleveland

Columbus

Dayton

Oregon, TRW ECG

Portfand

E. Pennsylvania, TRW ECG
Bala Cynwyd

W. Pennsylvania, R.0. Whitesell
Pittsburgh

Puerto Rico, Electronic Sales Assoc.

Rio Piedras

Tennessee, R.0. Whitesell
Greeneville

Texas Technology Sales Co.
Austin

Texas, TRW ECG

Dallas

Houston

El Paso

Utah, Straube Assac.

Salt Lake City

Virginia, TRW ECG
Richmond

Washington, TRW ECG
Seattle

Wisconsin, TRW ECG
Brookfield

Canada, Renmark Electronic Mkt.
Carelton Place

Toronto

International Sales Offices

Australia, S.T.C. Cannon
Moorabbin, Vic.

Austria, Transistor Vertriehs GmbH
Wien

Belgium, REA Belgium

Bruxelles

Brazil, TRW Mialbras, S.A.

Sao Paulo

China, Tektron Electronics
Kowloon

Denmark, A/S Nordisk Elektronik
Herlev

Finland, OY Fintronic AB

Helsinki

France, Radio Equipements-Antares
Paris

Germany, TRW EBV GmbH
Muenchen

Jermyn GmbH

Bad Camberg

Hong Kong, Tektron Electronics
Kowloon

India, Matwane Private Ltd.
Bombay

Italy, Exhibo ltaliana S.R.L.
Monza

(513) 5212290
(216) 447-8020
{614) 8889336
(513) 288-9546

(503) 6205032
(215} 667-3400
(412} 953-6161
(809) 763-2911
(615} 633-6154
(512} 345-2331

(214) 248-8000
{713} 772:5641
(915} 594-8259

(801} 263-2640
(804) 288-8334
(206) 641-9936
1414} 784-7773

1613} 267-1430
(416] 494-5445

555-9566
222-828401
{02) 5117089
2409211
3856139
(02 842000
{80 6326022
{01) 758111
(089) 71030
(06434) 230
3856193
213845

1038) 360021
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Japan, Nihon Teksel Co. Ltd. 521 Weddel Drive 1408) 745-6600
Tokyo 103} 4615121  Sunnyvale, CA 84086 v
Japan, TRW Overseas Inc. HallMark Electronics
Tokyo (03) 434-0881 3878 Ruffin Road, Unit 10A 1619) 268-1201
Korea, Dong Young Trading Co. San Diego, CA 82123
Seoul 794-4812 500 Mercury Drive (408) 7739300
Netherlands, Koning En Hartman N.V. Sunnyvale, CA 94086
Den Haag (701 210101 Hamitton/Avnet
New Zealand, AWA 10950 W. Washington Blvd. {213} £58-2824
Porirua 544375069 Culver City, CA 90230
Norway, Nordisk Elektronik Norge A/S 4545 \{iewridge Avenue 1619) 571-7523
Hvalstad 02) 786210 San Diego, CA 82123
Seamax Engineering Private Ltd. 1175 Bordeaux Drive (408) 743-3355
Singapore 657476155  Sunnywale, CA 34086
South Africa, Electrofink Pty 3170 Pullman Street (714] 641-1410
Capetown 0215350 Costa Mesa, CA 92626
Johanneshurg 0116181027 4103 Northgate Bivd. {916} 9205531
Spain, Unitronics S.A. Sacramento, CA 95834
Madrid 1) 2425204 20501 Plummer Street 1213) 700-2600
Sweden, Nordisk Elektronik AB Chatsworth, CA 81311
Stockholm (08) 635040  Colorado
Switzerland, Baerlocher AG Arrow Electronics
Zurich [01) 429900 1380 S. Potomac Street (303) 636-1111
Taiwan, Sea Union Eng. Aurara, CO 80012
Taipei 7512062 Hall-Mark Electronics
United Kingdom, MCP Electronics Ltd. 6950 S. Tucson Way 1303) 6941662
Middlesex (01) 9025941  Englewood CO 80112
Hi-Tek Distribution, Ltd. Hamilton/Avnet
Cambridge {0954} 81995 8765 E. Orchard Road (303) 7401018
Suite 708
Englewood, CO 80111
Connecticut
TRW LSI Products are available off the shelf  Arow Electronics
from the following distributors: 12 Beaumont Road (203) 2657741
Wallingford, CT 08482
z:::um;lectmﬁcs Hamilton/Avnet
3611 Memorial Pkway South s {)“,?v”:‘”a' Park 1208 7872800
Huntsville, AL 35801 Danbury, CT 06810
HallMark Electronics i
4300 Bradford Drive (205) g37g7gp  Flovida )
Huntsville, AL 35807 Arrow Blectronics
L 1001 N. W. 62nd Street {305) 776-7730
Hamilton/Awmet Suite 108
ﬁignztsﬁflg""fl’cggsgg“’e (205 8377200 g\ quderdale, FL 33308
! 50 Woodiake Drive West {305} 725-1480
Arizona Building B
Arrow Electronics Palm Bay, FL 32905
2127 West 5th Place 1602) 9684800 HallMark Electronics
Tempe, AZ 85281 1671 West NcNabb Road {305) 6719280
Hall-Mark Electronics Ft. Lauderdale, FL 33309
4040 E. Raymond 1602) 2438601 7648 Southtand Bivd. 301) 8554020
Phoenix, AZ 85040 Suite 100
HamiltonlAynet . Orlando, FL 32809
505 S. Madison Drive (602) 2315142 15301 Roosevelt Bivd. #303 1813) 5304543
Tempe, AZ 85281 Clearwater, FL 33520
California Hamilton/Avnet
Arrow Electronics 6800 NW 15th Way (305) 944-2060
19748 Dearborn Street (213) 7017500 Fort Lauderdale, FL 33309
Chatsworth, CA 81311 3187 Tech Drive North (813) 576-3930
2961 Dow Avenue (714) 8385422 St. Petersburg, FL 33702
Tustin, CA 92660 6947 University Bivd. 305) 6283868
9511 Ridgehaven Court (619) 5654800  Winter Park, FL 32792

San Diego, CA 92123
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Georgia

Arrow Electronics
2979 Pacific Drive
Norcrass, GA 10071
HallMark Electronics
6410 Atlantic Bivd
Suite 115

Norcross, GA 30071
Hamilton/Avnet
5825D PeachTree Corners E.
Norcross, GA 30082

Winois

Arrow Electronics
2000 Algonguin Road
Schaumburg, 1L 60195
Hall-Mark Electronics
1177 Industrial Drive
Bensenville, IL 60108
Hamilton/Avnet

1130 Thorndale Avenue
Bensenville, IL 60106

Indiana

Arrow Electronics
2718 Rand Road
Indianapolis, IN 46241
Hamilton/Avnet

485 North Grandle Drive
Camel, IN 46032

lowa

Arrow Electronics

375 Collins Road East
Cedar Rapids, lowa 52402

Kansas

Hall-Mark Electronics
10815 Lakeview Drive
Lenexa, KS 66213
Hamilton/Avnet

9219 Quivira Road
QOverland Park, KS 66215

Maryland

Arrow Electronics

4801 Bendson Avenue
Baltimore, MO 31227
Hall-Mark Electronics
10240 Old Columbia Road
Columbia, MD 21046
Hamilton/Avnet

6812 Oak Hall Lane
Columbia, MD 21045

Massachusetts
Arrow Electronics
Arrow Drive

Waburn, MA 01801
Hall-Mark Electronics
8H Henshaw Street
Woburn, MA 01801
Hamilton/Avnet

50 Tower Office Park
Woburn, MA 01801

Michigan

Arrow Electronics
3810 Varsity Drive
Ann Arbor, MI 48104

(404) 449-8252

(404) 447-8000

(404) 447-7500

(312} 387-3440

1312) 860-3800

(312} 880-7780

(317) 243-9353

(317) 8449333

(319) 3957230

(913} 291-5350

(913) 641-7922

(301) 247-5200

(301) 988-9800

{301) 995-3526

{617} 933-8130

(617) 935-9777

(617} 273-7500

(313) 971-8220

3510 Roger Chaffee Mem. BI.

Southeast

Grand Rapids, MI 49508
Hamilton/Avnet

32487 Schoolcraft Road
Livonia, M 48150

Minnesota

Arrow Electronics

5230 73rd Street

Edina, MN 55435
Hall-Mark Electronics
7838 12th Avenue South
Bloomington, MN 55420
Hamilton/Avnet

10300 Bren Road East
Minneapolis MN 55343
Missouri

Arrow Electronics

2380 Schuetz Road

St. Louis, Missouri 63146
Hall-Mark Electronics
2662 Metro Blvd.
Maryland Hts,, MO 63043
Hamilton/Avnet

13743 Shoreline Court East
Earth City, MO 63045

New Hampshire
Arrow Electronics

1 Perimeter Road
Manchester, NH 03103

New Jersey

Arrow Electronics
6000 Lincoln Drive East
Martton, NJ 08053

2 Industrial Road
Fairfield, NJ 07006
Hall-Mark Electronics
107 Fairfield Road
Fairfield, NJ 07006
2097 Springdale Road
Cherry Hill, NJ 08003
Hamilton/Avnet

1 Keystone Avenue
Bldg. #36

Cherry Hill, NJ 08003
19 Industrial Road
Fairfield, NJ 07006

New Mexico

Arrow Electronics
2480 Alamo Ave. S.E.
Albuguerque, NM 87106
Hamilton/Avnet

2524 Baylor SE
Albuguerque, NM 87106

New York

Arrow Electronics
20 Oser Avenue
Hauppauge, NY 11768
3000 S. Winton Road
Rochester, NY 14623
7705 Maltlage Drive
Liverpool, NY 13088

{616) 243-0912

(313) 522-4700

{612) 830-1800

(612) 854-3223

(612) 941-3801

(314) 567-6888

(314) 2915350

(314) 3441200

(603) 668-6368

(609) 595-8000

{201) 575-5300

(201} 6754415

(609) 4247300

(609) 424-0100

(201) 575-3330

(505) 243-4566

(505) 785-1500

{516} 231-1000

{716} 2750300

(315) 6521000
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HallMark Electronics
Building #4, Unit 1A2
One Conac Loop
Ronkonkoma, NY 11779
Hamilton/Avnet

16 Corporate Circle

East Syracuse, NY 13057
933 Mator Parkway
Hauppauge, NY 11788

North Carolina

Arrow Electronics
5240 Greens Dairy Road
Raleigh, NC 27604

938 Burke Street
Winston-Salem, NC 27101
Hall-Mark Electronics
5237 North Boulevard
Raleigh, NC 27604
Hamitton/Avnet

3501 Spring Forest Road
Raleigh, NC 27604

Ohio

Arrow Electronics
6238 Cochran Road
Solon, OH 44139

7620 McEwen Road
Centerville, OH 45459
HallMark Electronics
4460 Lake Forest Drive
Suite 202

Cincinnati, OH 45242
5821 Harper Road
Solon, OH 46133

6130 Sunbury Road, Suite B
Westerville, OH 43081
Hamilton/Avnet

4588 Emery Industrial Pkwy
Cleveland, OH 44128
954 Senate Drive
Dayton, OH 45459

Oklahoma

Arraw Electronics

4719 South Memorial Drive
Tulsa, 0K 74135
HallMark Electronics
5460 S. 103 E. Avenue
Tulsa, OK 74145

Oregon
Hamilten/Avnet

6024 SW Jean Road
Bldg. C, Suite 10

Lake Oswego, OR 97034

Pennsylvania

Arrow Electronics
650 Seco Road
Monroeville, PA 15148

Texas

Arrow Electronics
10125 Metropolitan Drive
Austin, TX 78758

13715 Gamma Road
Dallas, TX 75234

{5161 737-0600

1315] 437-2601

(516} 231-9800

1819) 876-3132

1819) 7258711

(919) 8720712

(919) 8780810

{216} 248-3990

{513) 435-5663

(513) 563-5980

(216) 3434632

(614] 981-4555

{216} 831-3500

1513) 4330610

(918) 665-7700

1918) 665-3200

(503) 635-8157

(412) 856-7000

(512) 8354180

(214) 386-7500

10899 Kinghurst Drive
Suite 100

Houston, TX 77038
HallMark Electronics
11333 Pagemill Road
Daflas, TX 75243

12211 Technology Blvd.
Austin, TX 78759

8000 Westglen
Houston, TX 77083
Hamitton/Avnet

8750 Westpark Drive
Houston, TX 77063
2111 West Walnut Hill Lane
Dallas, TX 75240

2401 Rutland Drive
Austin, TX 78758

Utsh

Asrow Electronics

4980 Amelia Earhart Drive
Salt Lake City, UT 84118
Hamilton/Avnet

1585 West 2100 South
Salt Lake City, UT 84118
Virginia

Asrow Electronics

8002 Discovery Drive
Richmond, VA 23288

Washington

Arrow Electronics
14320 NE 21st Street
Bellevue, WA 38007
Hamilton/Avnet
14212 NE 21st Street
Bellevue, WA 98007

Wisconsin

Arrow Electronics
Meridian Building
2984 Triverton Pike
Madison, WI 53711
430 W. Rawson Avenue
Oak Creek, Wi 53154
Hall-Mark Electronics
9667 S. 20th Street
Oak Creek, WI 53154
Hamilton/Avnet

2975 Noorland Road
New Berfin, WI 53151

Canada
Hamilton/Avnet

6845 Rexwood Road, Units 3-5
Mississaugua, Ontario
Canada, L4V 1R2

210 Colonnade Road
Nepean, Ontario
Canada, K2E 715

2670 Sabourin Street
St. Laurent, Montreal
Quebec, Can. H4S 1M2

(113} 530-4700

214) 31-147
(512) 988-9800

(713) 7816100

{713) 7801771

1214) 659-4100

(512) 837-8911

{801} 539-1135

(801) 972-2800

(804) 282:0413

(206} 642-4800

(206) 643-3950

(608} 273-4977

(414) 273-4977

(414} 761-3000

(414) 7844510

1416) 6777432

(613) 226-1700

(514) 331-6443
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Application Notes

TP-1 “Multiplier-Accumulator Application
Notes” by L Schirm IV.

Covers the use of multiplier-
accumulators including an explanation
of the clock, input and output controls.
Other discussions include: larger word
accumulations, multiplication plus a
constant, operation with
microprocessors, digital filters and
complex multiplication.

TP-2 “Monolithic Bipolar Circuits for Video
Speed Data Conversion” by W. Bucklen.
Describes the ‘‘flash’® A/D converter,
TDC1007J, and the TDC1016J, D/A
converter. Also included are
approaches for extending the
performance of the TDC1007J.

TP-4 "Digital Signal Processing for Radar
Systems” by W. Finn.

Describes how VLSI multipliers and
multiplier-accumulators can be used in
a radar signal processor to achieve data
rate reduction, by means of predictive
mechanization; pulse compression,
utilizing an FIR matched filter;
maximum computational capabilities,
via pipelining; and high-speed
convolution, using 2-point DFTs and a
complete FFT processor. '

TP-5 “An LS! Approach to Digital Signal
Processing Enhances Telemetry Systems™ by
W. Finn.

All aspects of Telemetry have one thing
in common: an increasing need for
high-speed digital signal processing.
The impact of large scale integrated
(LSI) circuitry on telemetry systems is
a topic of increasing importance.
Dependency of real-time digital signal
processors on LSI circuitry is largely
due to the advantages they afford:
smaller size, faster speed, lower power
consumption, more reliability and less
cost. These advantages are over and
above those which can be achieved by
SSI, MIS, or even analog circuitry.

TP-6 “Introduction to the Z-Transform and its
Derivation” by R. Karwoski.

A tutorial discussion of LaPlace and
Z-transforms and their use in sampled
data systems. Application of the
Z-transform to filter synthesis is also
treated.

TP-7A “Hardware Development for a General
Purpose Digital Filter Computing Machine” by
R. Karwoski.

This paper describes the hardware for a
flexible, fast, digital filter computing
machine that can be easily
programmed. Emphasis is on real-time
signal processing, particularly in the
area of digital filtering.

TP-8 “Second Order Recursive Digital Filter
Design with the TRW Multiplier-Accumulators”
by R. Karwoski.

Develops the fundamental concepts for
second-grder recursive digital filters
and describes some efficient hardware
implementations using the TDC1010J
multiplier-accumulator.

TP-9 "A Four-Cycle Butterfly Arithmetic
Architecture” by B. Karwoski.

Explains the background of the FFT
and the computational element called
the butterfly. A block diagram of the
FFT processor is presented and the
DAU (Data Arithmetic Unit)
architecture is described in detail. The
text’s description of the four FFT
instructions is supplemented by
computational diagram, block diagrams,
a data flowchart and a timing diagram.

TP-10 “An Introduction to Digital Spectrum
Analysis Including a High-Speed FFT Processor
Design” by R. Karwoski.

Develops the DFT using well-known
continuous Fourier Transform and
series concepts. Common spectrum
analysis terms are defined with respect
to the DFT, and the decimation in time
FFT is derived in detail. Describes the
design of a high-speed FFT processor,
particularly the architecture and address
generation. Also included is an
explanation of the use of bit-slice
microprocessors as FFT sequencers.

TP-16 “An LSI Digital Signal Processor for
Airborne Applications” by L. Schirm V.
Discusses the background of digital
signal processing with emphasis on
radar processors. Described is a digital
signal processing board, employing a
multiplier-accumulator IC, which
includes the basic processor, address
generators, controller and system
interface.
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TP-17 “Correlation—A Powerful Technique for
Digital Signal Processing” by J. Eldon.
Correlation techniques find use in
communications, instrumentation,
computers, telemetry, sonar, radar,
medical, and other signal processing
systems. Electronic systems that
perform correlation have been around
for years, but they have been bulky and
inefficient. The development of a new
VLSI chip from TRW LSI Products has
changed this; now correlation can be
performed efficiently with a minimum
number of components.

TP-18 “LSI Multipliers Application Notes.”
Describes larger and smaller word
multiplication, higher speed
multiplication and division using
multiplication.

TP-19 “Non-Linear AID Conversion” by B.
Friend.

Describes the quantization process
necessary to produce a non-linear
transfer function. TRW LSI Products
offers A/D converters which can be
used in place of more expensive or
impractical methods to achieve this
result with a minimum of cost and
effort.

A discussion of a typical TRW A/D
converter includes information on the
internal circuitry of the device and
provides diagrams of circuit
modifications to use with the A/D .
converter to improve performance.

TP-22 “A Guide to the Use of the TDC1028; .
a Digital Filter Building Block” by F. Williams.
Discusses word and length sizing of
Finite Impulse Response (FIR) digital
filters, and implementation of filters
with different lengths and word sizes.
A circuit to autoload coefficients in
stand-alone applications is also
provided.

TP-23 “A 22-Bit Floating Point Registered
Arithmetic Logic Unit” by J. Eldon.
Introduces the TDC1022, a registered
arithmetic logic unit (RALU), built
with TRW’s dual layer metal, one
micron bipolar ]process

(OMICRON-B ™), Emphasis is on
RALU architecture, and the instruction
microcode. Block diagrams and ALU
function control chart are provided.

TP-24 "A Single Board Floating Point Signal
Processor” by G. Winter and B. Yamashita.
Floating point arithmetic offers many
advantages to the field of digital signal
processing (DSP). This article describes
the realization of a Finite Impulse
Response (FIR) filter using a family of
floating point devices; the TDC1022
Floating Point Adder, the TDC1033
Floating Point Registered ALU, and the
TDC1042 Floating Point Multiplier.

TP-25 “Floating Point Hardware for Digital
Signal Processing” by J. Haight.

Recent advances in VLSI circuitry
make high-speed digital signal
processing (DSP) with wide dynamic
range possible without significant
penalties in cost or hardware overhead.
The architectures of the TDC1022,
TDC1033 and TDC1042 are discussed,
as well as their applications in some
designs.

TP-26 “Floating Point, the Second Generation
for Digital Signal Processing” by J. Haight.
High-speed digital signal processing
(DSP) has recently progressed to a
widely used real or near real-time field.
Today, a new generation of 22-bit
floating point integrated circuits
(TDC1022, TDC1033 and TDC1042)
makes it possible to build circuitry to
handle signals with wide dynamic range
at high speeds and reasonable cost.
This article discusses the architecture of
these ICs and the motivations behind
them.

TP-27 “Components For Instruments That
Employ Digital Signal Processing Techniques”
by D. Watson.

Applications of fast analog-to-digital
(A/D) converters are expanding into the
measurement and analytical instrument
marketplace. This article discusses A/D
converters as they are used in digital
instruments, reviews ‘‘flash’’ A/D
technology, and presents future
directions of A/D design.

TP-28 “A Foating Paint ALU for Digital
Signal Processing” by R. Sierra and G. Covert.
Discusses applications of the TRW LSI
TDC1022, Floating Point Arithmetic
Unit. The architecture of the TDC1022
is discussed, together with several
application examples in the areas of
filtering and spectrum analysis.



TP-29 “The Use of Floating Point Arithmetic
in Digital Filters and Equalizers” by

F. Williams.

Digital Audio, a high-performance
technology, has undergone rapid
growth during the last few years. This
article describes TRW LSI floating
point processors and how they are used
in digital audio systems to provide
noise control, accurate response
control, and maintenance of effective
SNR. Frequency response high and low
filter graphs are provided.

Article Reprints

R-1 “‘Packing a Signal Processor onto
a Single Digital Board,’’ by L. Schirm
1V, Electronics, December 20, 1979.

Discusses general applications of
multiplier-accumulators and the design
of a single-board FFT processor.

R-2  “*Microprocessor Compatible
Recursive Digital Filters,”” by Ford,
Youseff-Digaleh and Current (UC
Davis); Proceedings of the IEEE, April
1979.

Describes the implementation of
recursive digital filters through time-
shared use of a single multiplier-
accumulator.

R-3 “‘A Radix-4 FFT Processor for
Application in a 60-Channel
Transmultiplexer Using TTL
Technology,”’ by Roste, Haaberg and
Ramstad; IEEE Transactions on Acoustics,
Speech and Signal Processing; Vol.
ASSP-27, No. 6, December 1979.

Presents a hardware solution for the
two 128-point DFT processors with a
transform time of 125y sec needed in
a 60-channel transmultiplexer for
conversion between FDM and TDM
signals.

“‘Design of a 24-Channel
Transmultiplexer,’”’” by M. Narashima;
IEEE Transactions on Acoustics, Speech and
Signal Processing; Vol. ASSP-27, No. 6,
December 1979.

Discusses the design of a
transmultiplexer capable of performing
the bilateral conversion between 1544
kbits/sec digital signal and two analog
group signals.

Note: Both articles are included in the
same reprint.

R-4 ‘“‘Television Gathers Speed On its
Way from A to D,”’ Broadcast
Communications, September 1979.

Explains the ways in which the TV
broadcast studio is evolving towards
digital implementations. Discusses the
advantages of the digital vs the analog
approach.

R-5 “‘Get to know the FFT and take
advantage of speedy LSI building
blocks,”” by L. Schirm IV; Electronic
Design, April 26, 1979.

Explains the use of the FFT (Fast
Fourier Transform) and how to
implement an FFT processor board
using a multiplier-accumulator.

R-6 “‘On the Use of Windows for
Harmonic Analysis with the Discrete
Fourier Transform,”’ by F. Harris,
Proceedings of the IEEE, January 1978.

A comprehensive discussion of data
windows and their effect on the
spectrum analysis problem. Key
parameters are identified, and window
options are compared. Applications are
discussed in detail.

R-7 “‘Floating-point chips carve out
FFT systems,‘* by J. Eldon and G.
Winter; Electronic Design, August 4,
1983.

Describes the implementation of real-
time signal processing using a set of
three floating point ICs: the TDC1033,
an arithmetic logic unit with registers;
the TDC1042, a floating point
multiplier; and the TDC1022, a floating
point arithmetic unit.
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R-8 “‘Quantization Effects on
Differential Phase and Gain
Measurements,”’ by F. Williams and R.
Olsen; SMPTE Journal, November, 1982.

Discusses absolute performance
standards as a means of characterizing
television systems. Equations are
provided which are used to obtain
Differential Phase and Differential Gain
limits for use in the evaluation and
diagnosis of television equipment.

R-9 ‘‘High speed FIFO memory:
theory and applications,”” by E.
Chocheles and R. Sierra, Electronic
Products, March 28, 1983.

A comprehensive study of the
TDC1030, a First-In First-Out (FIFO)
memory buffer (fixed or variable-length
storage) used in data transfer elements.
Extensive timing analysis is covered in
the article.

R-10 “‘One-chip DAC delivers
composite video signal,”” by R.
Castleberry and C. Robertson; Electronic
Design, September 1, 1983.

Describes the TDC1018, a low-cost,
digital-to-analog converter that delivers
a composite video signal, capable of
driving high-resolution graphics
displays. Device architecture and
performance specifications are included.

R-11 “‘Single-chip Flash A/D
Converters With Evaluation Boards,”’
by J. Eldon and R. Olsen; Proceedings
IEEE 1982 Region 6 Conference.

Describes TRW LSI Products’ A/D
Converters and optional evaluation

boards. The boards may be used to
evaluate the ICs, or as models for

individual circuit design effects.

R-12  “‘6-bit a-d chip steps up the pace
of signal processing,”’ by J. Muramatsu
and R. Olsen; Electronic Design,
September 16, 1982.

Describes the TRW LSI TDC1029, a
6-bit analog-to-digital converter that
samples broadband signals at 100
MegaSamples Per Second (MSPS).
This device increases the real-time
performance of military, medical and
industrial systems.

R-13 “‘Video-speed filtering gets its
own digital IC,”” by F. Williams;
Electronics, October 20, 1983.

Describes the TRW LSI TDC1028, a
single-chip filter that is paving the way
to video-speed fixed and adaptive filter
implementations in design processes.

R-14 “‘One-Micron VLSI Chips for
Military Systems,”’ by J. Eldon, M.
Gagnon and F. Williams; Defense
Electronics, November 1983.

Describes TRW’s one-micron VLSI
chips and their applications for military
systems. The article also discusses the
bipolar 3-D process used in fabricating
the devices, VLSI reliability, and other
topics related to implementation of
these chips.

R-15 *“‘Using high speed multipliers
for real time signal processing,’’ by
R. Sierra; Electronic Products, February
7, 1984.

Complex signal processing can now be
implemented with the precision and
accuracy of digital arithmetic logic
components. This article describes
TRW LSI Multipliers and their
usefulness in filtering and spectrum
analysis.

R-16 ‘‘CMOS comes to high speed
digital signal processing,”’ by
J. Haight.

Discusses the possibilities for CMOS:
as geometries continue to shrink, the
improved performance and reduced
power of CMOS make possible a much
greater number of devices on a chip.
This opens up many exciting
possibilities in the digital signal
processing market.

The Application Notes and Article
Reprints listed above are available upon
request from TRW LSI Products.
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