










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Conductive Rubber 
Conductive Rubber is a collective name for many silicone 
base "rubber" with conductive materials embedded within.· 
Below are two commonly used conductive rubber: PCR and 
MOE. 

Contact Resistance 

Current Carrying Capacity 

Substrate Material 

150 mQ 

500mA 

Nickel 

What is peR Life Time 10000 contacts 

The full name of PCR is Pressure Conductive Rubber. Fig.2 
shows a piece of PCR together with its cross section. As 
seen from the figure PCR looks like a TAB unit with special 
windows which match the pins on the TAB unit. Within the 
windows are contact areas, silicone, filled with conductive 
particles, usually nickel. Once under pressure, current can 
go through those particles and thus the material conducts. 

(30% shrinkage) 

Resistivity between conduction 106 Q 

areas 

Temperature Tolerance -55°C to 150°C 

Below is a table of its characteristics: 

Fig. 2 Pressure Conductive Rubber (PCR) 

�~�~� ________________________ �~�~�~�.� +------pusher PI 

L--___ -, ___ n ___ :::::---=::t--- TAB Film 

--------Outer Lead 

�~�-�+�-�-�P�C�R� 

L-_______________ �~�-�-�-�-�-�P�C� Board 

Fig. 3 Application of peR with TAB 
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Fig. 3 shows a simplified diagram on the application of 
PCR. The PCR is placed in between the unit and a PC 
board. A pusher plate is then placed over the TAB unit to 
apply pressure in order for the PCR to conduct. 

What is MOE 

The full name for MOE is Metal On Elastomer. Fig. 4 
shows a diagram for a MOE strip. As seen from the dia
gram, MOE consists of metal traces inserted precisely 

Fig. 4 

MOE 
Elem 

Socket Housing 
Base with slo ...... ----f" ..... 
for MOE Elements 

within electrically insulated silicone rubber to allow con
duction in the z-axis. The substrate of the metal traces is 
usually gold. 

Fig. 5 shows a typical application of MOE. Noticed that a 
special socket housing is needed to allocate the MOE 
strips. The TAB unit, when placed on top of the socket, 
can then make contact with the PC board through the 
MOE strips. 

Conductor strips 

Metal On Elastomer 

board pads 

Fig. 5 A typical application of MOE 
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Below is a table of its characteristics: 

Contact Resistance O.OOS.Q 

Current Carrying Capacity 3A 

Substrate Material Silicone rubber 

Trace Metallurgy Gold 

Temperature Range -45°C t01S0°C 

Dielectric constant 3.0 

Resistance between traces 1012 .Q 

Drawbacks of Probe Card and Conductive Rubber 
methods 
One of the advantages of TAB lies in its freedom of pins lay
out. It will be quite difficult for conductive rubber type of con
tact to apply on an irregular shaped TAB package due to the 
high cost for developing the tooling. For conductive rubber 
each different layout needs a different tooling for the con
ductive material and sockets. The costs for that would be 
high. 

In addition, owing to their "rubber-like" nature, frequent 
cleanings are required or the contacts will be contaminated. 

Probe card, on the other hand, has complication in mainte
nance. Besides periodic cleaning of probes, there will be 
times that the probes will be damaged. Repairing of probes 
depends totally on the skillful workmanship together with a 
special repairing station. 

Advantages of Probe Card over Conductive Rubber for 
Mass Production 
Despite the above drawback on probe cards, they suit the ir
regular shaped TAB very well because the probes are laid 
by human hands. The costs of probe cards are thus compar
atively lower than that of conductive rubbers. 

Another side advantage of probe cards is that the 
probes can induce· slight scratches on the test pads 
when pressure is applied. This allows better contact 
during testing because the probes can scratch away 
the oxide which may form on the test pads. Probe 
cards can also handle finer pitch TAB units than con
ductive rubbers. 

As for LCD drivers, which ar~ mixed-signal devices, a 
controlled impedance test fixture can reduce much 
noise influences. To achieve that, we want to minimize 
the layer of contacts from handler to tester. Probe 
cards with probes built right on the PC board can meet 
this requirement. Conductive rubber, on the contrary, 
increases the layer of contacts. 

Precautions during testing TAB LCD 
ESD protection 
No matter what type of method you use to test TAB 
packaged devices, ESD will be generated due to the 
nature of the package itself. Besides any usual ESD 
precautions, ionizers should be installed ah;mg the 
path of the TAB device tape. TAB package can gener
ate as high as 10 kilo volt ESD under a non-ionized 
environment. 

Signal Distortion 
LCD drivers are mixed-signal devices which have their 
own distinctive test problems from those of digital or 
analog signal devices. Fixturing, or the connection be
tween the test hardware and the device under test 
(OUT), contributes to this in the form of noise, 
crosstalk, and corruption of signal integrity. Grounding 
shields separating the digital and analog signals can 
assist in maintaining signal integrity. Proper decou
piing of the power sources can reduce noise. Suitable 
design of interface between the device and the test 
system can also minimize crosstalk3. 

3 Electronics Engineering, Feb 1994, Vol. 7 Number 10, Joseph A. Mielke, pp 104-107 
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Abbreviations 

ACF 
BP 
COB 
COG 
o KAT 
ILB 
LCD 
MUX 
OLB 
SEG 
STN 
TAB 
TCP 
TFT 
TN 

Anisotropic Conductive Films. 
Backplane 
Chip On Board 
Chip On Glass 
Dragonkat 
Inner Lead Bonding 
Liquid Crystal Display 
Multiplex 
Outer Lead Bonding 
Segment 
Super Twisted Nematic 
Tape Automated Bonding 
Tape Carrier Package 
Thin-Film Transistor 
Twisted Nematic 

Glossary 

ACF 
It is for connecting LCD drivers in TAB directly to LCD 
glass. 

Active I Passive 
Active (TFT) and Passive (STN) are two categories of 
LCD technology. 

Announciator 
Name for the static icon display commonly found on 
pager application. 

BP I Backplane I Row I Common 
Horizontal rows in a matrix LCD display. 

Bias Levels 
Bias = 1 / (...J MUX + 1). It defines the voltage values 
should be obtained in a voltage divider in order to obtain 
an optimum contrast for LCD panel. 

COG 
Chip on glass. The gold bump die directly bond to the 
LCD panel glass by ACF 

DKAT Dragonkat 
Motorola's Dragonkat is a MCU Family of C05 core 
where: 
DKAT IMC68HC05L9 + MC68HC68L9 
DKAT I +MC68HC05L10 + MC141511A 
DKAT IIMC68HC05L11 + MC141512 & MC141514 

Gold Bump Process 
The unique gold bump technology of Motorola is an 
Industry leader. Our "Straight Wall Bumps" enable us to 
use finer spacing of leads and optimum chip sizes. 

ILB Iinner Lead Bonding 
Process of bonding a die to a TAB. 

MOTOROLA 

LCD I Liquid Crystal Display 
One of the electronic display technologies. 

SEG I Segment I Column 
Vertical rows in a matrix LCD display. 

MUX Multiplex 
The multiplex ratio (MUX ratio) is defined as 1: N, where 
N is the number of Backplanes / Common. It is one of the 
key factor in defining a LCD Driver. 

OLB I Outer Lead Bonding 
Process of bonding TAB to LCD glass either directly with 
ACF or indirectly with heat seal connectors. 

POCSECTM 
POCSECTM stands for Pocket Secretary. It represents a 
chip set where a complete solution of a pen-based, 
multi-features organizer is provided. 

Split Panel 
It is a LCD panel which doubles the number of rows with 
the same MUX ratio by allowing addressing of two seg
ments with one Common signal. 

~ 
1719 .......... 32 

ir=>! ~ II til ttt ttt ttt ttt tt I ~!~ djjjjjjjjjjjjjJJ 
1 3 .......... 16 

~ 
e.g. Point 0 is of segment 3 and 

Point. is of segment 19, they are both addressed 
by Common 1. 
(MUX ratio is 1: 4 in this example, display size is 
8x16) 

TAB Tape Automated Bonding I 
TCP Tape Carrier Package 
A film like package of polyimide substrate with copper 
leads. 

TFT IThin-Film Transistor 
An LCD technology applied in active matrix display. 

TN I Twisted Nematic I STN I Super Twisted Nematic 
Basic Passive LCD Technologies. 

VLCD 
LCD driving voltage. 
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Handling and Design Guidelines 

HANDLING PRECAUTIONS 

All CMOS devices have an insulated gate that is subject 
to voltage breakdown. The high-impedance gates on the de
vices are protected by on-chip networks. However, these on
chip networks do not make the IC immune to electrostatic dam
age (ESD). Laboratory tests show that devices may fail after 
one very high voltage discharge. They' may also fail due to 
the cumulative effect of several discharges of lower potential. 

Static-damaged devices behave in various ways, depending 
on the severity of the damage. The most severely damaged 

, are the easiest to detect because the input or output has been 
completely destroyed and is either shorted to Voo, shorted 
to Vss, or open-circuited. The effect is that the device is no 
longer functional. Less severe cases are more difficult to detect 
because they appear as intermittent failures or degraded per
formance. Static damage can often increase leakage currents. 

CMOS devices are not immune to large static voltage dis
charges that can be generated while handling. For example, 
static voltages generated by a person walking across a waxed 
floor have been measured in the 4-15 kV range (depending 
on humidity, surface conditions, etc.). Therefore, the following 
precautions should be observed. 
1. Do not exceed the Maximum Ratings specified by the 

data sheet. 

2. All unused device inputs should be connected to Voo 

or Vss. 
3. All low-impedance equipment (pulse generators, etc.) 

should be connected to CMOS inputs only after the de
vice is powered up. Similarly, this type of equipment 
should be disconnected before power is turned off. 

4. A circuit board containing CMOS or devices is merely 
an extension of the device and the same handling pre
cautions apply. Contacting connectors wired directly to 
devices can cause damage. Plastic wrapping should be 
avoided. When external connections to a PC board ad
dress pins of CMOS integrated circuits, a resistor should 
be used in series with the inputs o(outputs. The limiting 
factor for the series resistor is the added delay caused 
by the time constant formed by the series resistor and 
input capacitance. This resistor will help limit accidental 
damage if the PC board is removed and brought into 
contact with static generating materials. For conve
nience, equations for added propagation'delay and rise 
time effects due to series resistance size are given in 
Figure 1. 

5. All CMOS devices should be stored or transported in ma
terials that are antistatic. Devices must not be inserted 
into conventional plastiC "snow", styrofoam or plastic 

'trays, but should be left in their original container until 
ready for use. 

Figure 1. Networks for MinimizingESD and Reducing CMOS Latch Up Susceptibility 

R1 1O~ AAA 

CO\NECT'CN yyy 

Advantage: Requires minimal board area. 

Disadvantage: Rl > R2 for the same level of 
protection, therefore rise and fall 
times, propagation delays, and 
output drives are severely affected. 

fv'(S 

INPUT 
ffi 

0UTPVr 

Voo 

~~ D1 

1O~ 
FQ 

AA 

CXN\JECTla\I yy 

~( D2 

---= VSS 

Advantage: R2 < Rl for the same level of 
protection. Impact on ac and dc 
characteristics is minimized. 

Disadvantage: More board area, higher initial cost. 

WC6 
Il\AJf 
ffi 

0UTPVr 

NOTE: These networks are useful for protecting the following: 

where: 

EQUATION 1 • PROPAGATION DELAY VS. 
SERIES RESISTANCE 

R",,_t_ 
C.k 

A. digital inputs and outputs 
B. analog inputs and outputs 
C. 3-state outputs 
D. bidirectional (1/0) ports 

R = the maximum allowable series resistance in ohms 
t = the maximum tolerable propagation delay in seconds 

C = the board capacitance plus the driven device's 
input capacitance in farads 

k = 0.33 for devices with TIL input levels (switch point"" 1.3 V) 
k = 0.7 for devices with CMOS input levels (switch point"" 50% VDO)' 

MOTOROLA 

where: 

EQUATION 2· RISE TIME VS 
SERIES RESISTANCE 

R",,_t_ 
C.k 

R = the maximum allowable series resistance in ohms 
t = the maximum tolerable propagation delay in seconds 

C = the board capacitance plus the driven device's 
input capacitance in farads , 

k = 0.7 for devices with TIL input levels (switch point"" 1.3 V) 
k = 2.3 for devices with CMOS input levels (switch point"" 50% 

Voo)· 
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6. All CMOS devices should be placed on a grounded 
bench surface and operators should ground themselves 
prior to handling devices, since a worker can be statically 
charged with respect to the bench surface. Wrist straps 
in contact with skin are strongly recommended. See Fig-
ure 2. . 

7. Nylon or other static generating materials should not 
come in contact with CMOS circuits. 

8. If automatic handling is being used, high levels of static 
electricity may be generated by the movement of devices, 
belts, or boards. Reduce static build-up by using ionized 
air blowers or room humidifiers. All parts of machines 
which come into contact with the top, bottom, and sides 
of IC packages must be grounded metal or other con
ductive material. 

9. Cold chambers using CO2 for cooling should be 
equipped with baffles, and devices must be contained 
on. or in conductive material. 

10. When lead-straightening or hand-soldering is necessary, 
provide ground straps for the apparatus used and be sure 
that soldering ties are grounded. 

11. The following steps should be observed during wave sol
der operations. 
a. The solder pot and conductive conveyor system of the 

wave soldering machine must be grounded to an earth 
ground. 

b. The loading and unloading work benches should have 
conductive tops which are grounded to an earth 
ground. 

c. Operators must comply with precautions previously 
explained. 

d. Completed assemblies should be placed in antistatic 
containers prior to being moved to subsequent sta
tions. 

12. The following steps should be observed during board 
cleaning operation. 

a. Vapor degreasers and baskets must be grounded to 
an earth ground. Operators must likewise be ground
ed. 

b. Brush or spray cleaning should :not be used. 
. c. Assemblies should be placed into the vapor degreaser 

immediately upon removal from the antistatic contain
er. 

d. Cleaned assemblies should be placed in antistatic 
containers immediately after removal from the clean
ing basket. 

e. High velocity air movement or application of solvents 
and coatings should be employed only when module 
circuits are grounded and a static eliminator is directed 
at the module. . 

13. The use of static detection meters for line surveillance 
is highly recommended. 

14. Equipment specifications should alert users to the pres
. ence of CMOS devices and require familiarization with 
this specification prior to performing any kind of main
tenance or replacement of devices or modules. 

15. . Do not insert or remove CMOS devices from test sockets 
with power applied. Check all power supplies to be used 
for testing devices to be certain there are no voltage tran
sients present. 

16. Double check the equipment setup for proper polarity of 
voltage before conducting parametric or functional test
ing. 

RECOMMENDED READING 

"Total Control of the Static in Your Business" 
Available by writing to: 

3M 
Static Control Systems 
Building A 145-3N-01 
P.O. Box 2963 
Austin, TX 78769-2963 

Or calling: 
1-800-328-1368 

Figure 2. Typical Manufacturing Work Station 

NOTES: 
1.1/16 inch conductive sheet stock covering bench top work area. 
2. Ground strap. 
3. Wrist strap in contact with skin. 
4. Static neutralizer. (Ionized air blower directed at work.) Primarily for use in areas where direct grounding 

is impractical. 
5. Room humidifier. Primarily for use in areas where the relative humidity is less than 45%. Caution: building 

heating and cooling systems usually dry the air causing the relative humidity inside of buildings to be 
less than outside humidity. 
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CMOS LATCH UP 

Latch up will not be a problem for most designs, but the 
designer should be aware of it, what causes it, and how to 
prevent it. 

Figure 3 shows the layout of a typical CMOS inverter and 
Figure 4 shows the parasitic bipolar devices that are formed. 
The circuit formed by the parasitic transistors and resistors 
is the basic configuration of a silicon controlled rectifier, or 
SCA. In the latch-up condition, transistors 01 and 02 are 
turned on, each providing the base current necessary for the 
other to remain in saturation, thereby latching the devices on. 
Unlike a conventional SCR, where the device is turned on by 
applying a voltage to the base of the NPN transistor, the par
asitic SCR is turned on by applying a voltage to the emitter 
of either transistor. The two emitters that trigger the SCR are 
the same point, the CMOS output. Therefore, to latch up the 
CMOS device, the output voltage must be greater than Voo 
+ 0.5 Vdc or less than - 0.5 Vdc and have sufficient current 
to trigger the SCA. The latch-up mechanism is similar for the 
inputs. 

Once a CMOS device is latched up, if the supply current 
is not limited, the device will be destroyed. Ways to prevent 
such occurrences are listed below. 
1. Ensure that inputs and outputs are limited to the max

imum rated values, as follows: 
- 0.5 ~ Yin ~ VOO + 0.5 Vdc referenced to Vss 

- 0.5 ~ Vout ~ Voo + 0.5 Vdc referenced to Vss 

lIinl ~ 10 rnA 
lIoutl ~ 10 rnA when transients or dc levels exceed the 

supply voltages. 
2. If voltage transients of sufficient energy to latch up the 

device are expected on the outputs, external protection 
diodes can be used to clamp the voltage. Another method 
of protection is to use a series resistor to limit the expect
ed worst case current to the Maximum Ratings values 
(see Figure 1). 

3. If voltage transients are expected on the inputs, protec
tion diodes may be used to clamp the voltage or a series 
resistor may be used to limit the current to a level less 
than the maximum rating of lin = 10 rnA (see Figure 1). 

4. Sequence power supplies so that the inputs or outputs 
of CMOS devices are not powered up first (e.g., recessed 
edge connectors may be used in plug-in board applica
tions and/or series resistors). 

5. Power supply lines should be free of excessive noise. 
Care in board layout and filtering should be used. 

6. Limit the available power supply current to the devices 
that are subject to latCh-Up conditions. This can be ac
complished with the power supply filtering network or with 
a current-limiting regulator. 

Figure 3. CMOS Wafer Cross Section 

Figure 4. Latch Up Circuit Schematic 

:::: ~anRIT~ ~ ~~== ~vss 
.----"M..--~---..... -------:-------!' .. ~N> Ni------,l 

\A:; -= Vss 
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Package availability for each device is indicated on the front page of the individual data sheets. 
Dimensions for the packages are given in this chapter. 

P SUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 64B-OB 

SlYL£ 1: SlYL£2: 
PIN 1. CATHODE PIN 1. COMMON DRAIN 

2. CATHODE 2. COMMON DRAIN 
3. CATHODE 3. COMMON DRAIN 
4. CATHODE 4. COMMON DRAIN 
5. CATHODE 5. COMMON DRAIN 
6. CATHODE 6. COMMON DRAIN 
7. CATHODE 7. COMMON DRAIN 
8. CATHODE 8. COMMON DRAIN 
9. ANODE 9. GATE 

10. ANODE 10. SOURCE 
11. ANODE 11. GATE 
12. ANODE 12. SOURCE 
13. ANODE 13. GATE 
14. ANODE 14. SOURCE 
15. ANODE 15. GATE 
16. ANODE 16. SOURCE 

NOTES: 
1. DIMENSIONING AND TOL£RANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLUNG DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 
5. ROUNDED CORNERS OPTIONAL 

INCHES 
DIM MIN MAX 
A 0.740 0.710 
B 0.250 0.270 
C 0.145 0.175 
D 0.Q15 0.021 
F 0.040 0.70 
G 0.100 BSC 
H O.050BSC 
J 0.008 0,015 
K 0.110 0.130 
L 0.295 0.305 
M O· 10· 
S 0.020 0.040 

IlILUMETERS 
IoIIN MAX 

18.80 19.55 
6.35 6.85 
3.69 4.44 
0.39 0.53 
1.02 1.71 

2.54BSC 
1.27BSC 

0.21 
2.80 
7.50 

O· 
0.51 

0.38 
3.30 
7.74 
10· 
1.01 
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SEATING 
PLANE 

PSUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 724-03 

I- ~ ·I~ 

I ~:::::: : : : : :1 00 
f 

C~ 

~~ F$":TE1 
~G~ FJIIL JL J 24PL . :lCo 24PL 1$1 0.25(0.010)@lrl B @I 

1$10.25 (0.010)@ITI A @I 
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NOTES: 
1. CHAMFERED CONTOUR OPTIONAL 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
3. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.SM,1982. 
4. CONTROLUNG DIMENSION: INCH. 

INCHES MILUMETERS 
DIM MIN MAX MIN MAX 
A 1.230 1.265 31.25 32.13 
B 0.250 0.270 6.35 6.85 
C 0.145 0.175 3.69 4.44 
D 0.015 0.020 0.38 0.51 
E O.050BSC 1.27BSC 
F 0.040 I 0.060 1.02 I 1.52 
G 0.100 BSC 2.54 BSC 
J 0.007 0.012 0.18 0.30 
K 0.110 I 0.140 2.80 I 3.55 
L 0.300 BSC 7.62BSC 
M 0° 15° 0° 15° 
N 0.020 I 0.040 0.51 I 1.01 
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OW SUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 751 F-04 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. . 
2. CONTROWNG DIMENSION: MIWMETER. 
3. DIMENSION A AND B DO NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. . 
5. DIMENSION 0 DOES NOT INCLUDE DAMBAR 

PROTRUSION. AllOWABLE 
DAM BAR PROTRUSION SHAll BE 0.13 
(0.005) TOTAL IN EXCESS OF D DIMENSION 
AT MAXIMUM MATERIAL CONDmON. 

MILUMETERS 
DIM MIN MAX 
A 17.80 18.05 
B 7.40 7.60 
C 2.35 2.65 
D 0.35 0.49 
F 0.41 0.90 
G 1.27BSC 
J 0.23 0.32 
K 0.13 0.29 
M 0° 8° 
P 10.01 10.55 
R 0.25 0.75 

INCHES 
MIN MAX 

0.701 0.711 
0.292 0.299 
0.093 0.104 
0.014 0.019 
0.Q16 0.035 

0.050 BSC 
0.009 0.013 
0.005 0.011 

0° 8° 
0.395 0.415 
0.010 0.029 

Mech~mical Data 

9-5 



C 

~ 
SEATING 
PLANE 

Mechanical Data 
9-6 

DETAILC 

FU SUFFIX 
QFP (QUAD FLAT PACKAGE) 

CASE 8488.;.04 

[:l (@ 
c 
(@ 

BE CD 

< 
B :I: V CD 

®< 
~C\r 
8 8 
Be. 
o 0.0 
N 0 o 0 

•. :=1 

(@ 
0 

(@ 
CD 

< 
() 

® 
$ 
8 e. 
0 
N 
0 

• 

DETAIL A 

N 

BASE METAL 

1+10.02 (o.o08)~ lei A-B@ I D @ I 
SECTION B·B 

NOTES: 
I.DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2.CONTROLLING DIMENSION: MILLIMETER. 
3.DATUM PLANE -H- IS LOCATED AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD 
WHERE THE LEAD EXITS THE PLASTIC BODY 
AT THE BOTTOM OFTHE PARTING LINE. 

4.DATUMS -A" -B- AND -D- TO BE DETERMINED 
AT DATUM PLANE -H-. 

5.DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE -Co. 

6.DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 
0.25 (0.010) PER SIDE. DIMENSIONS A AND B 
00 INCLUDE MOLD MISMATCH AND ARE 
DETERMINED AT DATUM PLANE -H-. 

7.DIMENSION 0 DOES NOT INCLUDE DAM BAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 
EXCESS OF THE 0 DIMENSION AT MAXIMUM 
MATERIAL CONDITION. DAMBAR CANNOT BE 
LOCATED ON THE LOWER RADIUS OR THE 
FOOT. 

DIM 
A 
B 

C 
D 

E 

F 

~ 

H 

J 
K 

L 

M 

N 

a 
R 

S 
T 

U 
V 

W 

X 

MILLIMETERS 

MIN MAX 
9.90 10.10 

9.90 10.10 

2.10 2.45 

0.22 0.38 

2.00 2.10 

0.22 0.33 

0.65 BSC 

-- I 0.25 
0.13 0.23 

0.65 0.95 

7.80 REF 
5- 10' 

0.13 0.17 
0' 7' 

0.13 0.30 
12.95 13.45 

0.13 -
0' -

12.95 13.45 

0.35 0.45 

1.6 REF 

INCHES 
MIN MX 

0.390 0.398 

0.390 0.398 

0.083 0.096 
0.009 0.Q15 

0.079 0.083 

0.009 0.013 

0.026BSC 

-- 0.010 

0.005 0.009 

0.026 0.037 

0.307 REF 
5' 10' 

0.005 0.007 
0' 7' 

0.005 0.012 
0.510 0.530 

0.005 -
0' -

0.510 0.530 

0.014 0.Q18 

0.063 REF 
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4X 

80 

FJ SUFFIX 
TQFP (THIN QUAD FLAT PACKAGE) 

CASE 917A-02 

4X 20 TIPS 
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~
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Mechanical Data 
9-7 

VIEWAA 

"-VIEWAA 

-~ _-_-__ iM,N 
--3 
VIEWY 

1$1 O.13(Q.005l@lrl L-M® 1 N ®I 
SECTION AB-AB 

ROTATED 90° CLOCKWISE 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DATUM PLANE -H-IS LOCATED AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD 
WHERE THE LEAD EXITS THE PLASTIC BODY AT 
THE BOTTOM OF THE PARTING LINE. 

4. DATUMS -L-, -M- AND -N- TO BE DETERMINED 
AT DATUM PLANE-H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE-T-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 
0.250 (0.010) PER SIDE. DIMENSIONS A AND B 
DO INCLUDE MOLD MISMATCH AND ARE 
DETERMINED AT DATUM PLANE-H-. 

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR 
PROTRUSION. DAMBAR PROTRUSION SHALL 
NOT CAUSE THE LEAD WIDTH TO EXCEED 0.460 
(0.018). MINIMUM SPACE BETWEEN 
PROTRUSION AND ADJACENT LEAD OR 
PROTRUSION 0.07 (0.003). 

MILLIMETERS INCHE5 
DIM MIN MAX MJNi MAX 
A WlOBSC O,551BSC 
Al ,00 esc 0,276BSC 
B 14,ooBSC 0,551 BSC 
Bl 7,ooBS 0,276 BSC 
C 1,74 0,069 
Cl 0,04 0,24 0,002 0,009 
C2 1,30 1 ,SO 0,051 0.059 
D ~,22 0,38 o,coa 0,015 
E 0,40 0,75 0.Q1~ 0,030 
F 017 0,33 0,007 _0,013 
G 0,65 BSC 0.026BSC 
J 0,09 0,27 0,)()4 I 0,011 
K O,SOREF 0,020 REF 
P 0.325BSC 0,013 REF 
Rl 0,09 0,20 0,004 0,008 
5 16,00 esc 0,63O_esc 
51 8,0( esc 0,315 esc 
U 0.09 0,16 0,004 I 0,006 
V 16,ooBSC 0,63< BSC 

V1 8,ooBSC 0,315 BSC 
W 0,20 REF 0,008 REF 
Z 1,00 REF 0,039 REF 
0 0° 10° OOJ ~o 

01 0° 0°1 
02 gO 14° gO I 14° 

MOTOROLA 
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25 

f---L---L-L._..L......J 

FJ SUFFIX. 
TQFP (THIN QUAD FLAT PACKAGE) 

CASE 983-02 

~iMJ-r rnJ 

1 

1M] 

50 

.. ~----------~ 

I-+---.:...-.:.-------[ru------+l 

~\I~ C .. . 4X 92 r . . 
LAlnnnnnnnnnnnnnnnnnnnnntnm 'j?'I:~T I,oox 

n .. ~l~' t ... PLANE ctJ '. 4X 93 

VIEWAA 

Mechanical· Data 

9-8 

~
'05 

(W) 

CO 5Th 1 6' ~:5R' 
k ' ~ _ ~AGEP~NE 
T - ~" 

C1 E 9 

VIEWAA 

VIEWY 

BASE METAL, 

PLATING 

'-:1 $-rI-o.O-a@:::::-M -r-I T-r-I L-_M--oI--'N 1 

NOTES: 

SECTION AB-AB 
ROTATED 90" CLOCKWISE 

1. DIMENSIONS AND TOLERANCES PER ASME 
Y14.5M,1994. 

2. DIMENSIONS IN MILLIMETERS. . 
. 3. DATUMS L, M AND N TO BE DETERMINED AT THE 

SEATING PLANE, DATUM T. 
4. DIMENSIONS S AND V TO BE DETERMINED AT 

SEATING PLANE, DATUM T. 
5. DIMENSIONS A AND B DO NOT INCLUDE MOLD 

PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 
PER SIDE. DIMENSIONS A AND B INCLUDE MOLD 
MISMATCH. 

6. DIMENSION 0 DOES NOT INCLUDE DAM BAR 
PROTRUSION. DAMBAR PROTRUSION SHALL 
NOT CAUSE THE LEAD WIDTH TO EXCEED 0.35. 
MINIMUM SPACE BETWEEN PROTRUSION AND 
ADJACENT LEAD OR PROTRUSION 0.07. 

MILLIMETERS 
OIM MIN -1 MAX 
A 14.00 BSC 

A1 7.00 BSC 
B 14.00BSC 

B1 7.00 BSC 
C 1.70 

C1 0.05 0.20 
C2 1.30 1.50 
0 0.10 . 0.30 
E 0.45 0.75 
F 0.15 0.23 
G 0.50 BSC 
J 0.07 0.20 
K 0.50 REF 

R1 0.08 0.20 
S 16.00 BSC 
51 8.00 BSC 
U 0.091 0.16 
V 16.00 BSC 

V1 8.00 BSC 
W 0.20 REF 
Z 1.00 REF 
II 0° I 7° 
91 0° I 
92 12° REF 
93 12° REF 

MOTOROLA 
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MOTOROLA AUTHORIZED DISTRIBUTOR & WORLDWIDE SALES OFFICES 
NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 
ALABAMA 

Huntsville 
Arrow/Schweber Electronics .... (205)837-6955 
FAI ..................... (205)837-9209 
Future Electronics .......... (205)830-2322 
Hamilton/Hallmark ............. (205)837-8700 
Newark .................. (205)837-9091 
Time Electronics .......... 1-800-789-TIME 
Wyle Electronics ........... (205)830-1119 

ARIZONA 
Phoenix 

FAI ..................... (602)731-4661 
Future Electronics .......... (602)968-7140 
Hamilton/Hallmark ............. (602)736-7000 
Wyle Electronics ........... (602)804-7000 

Scottsdale 
Alliance Electronics ............ (602)483-9400 

Tempe 
Arrow/Schweber Electronics .. (602)431-0030 
Newark .................. (602)966-6340 
PENSTOCK .............. (602)967-1620 
Time Electronics .......... 1-800-789-TIME 

CALIFORNIA 
Agoura Hills 

Future Electronics .......... (818)865-0040 
Time Electronics Corporate .. 1-800-789-TIME 

Calabassas 
Arrow/Schweber Electronics .... (818)880-9686 
Wyle Electronics ........... (818)880-9000 

Chatsworth 
Time Electronics .......... 1-800-789-TIME 

Culver City 
Hamilton/Hallmark ........... (310)558-2000 

Garden Grove 
Newark .................. (714)893-4909 

Irvine 
Arrow/Schweber Electronics .. (714)587-0404 
FAI ..................... (714)753-4778 
Future Electronics .......... (714)453-1515 
Hamilton/Hallmark ............. (714)641-4100 
Wyle Laboratories Corporate ... (714)753-9953 
Wyle Electronics ........... (714)863-9953 

Los Angeles 
FAI .•.................. '. (818)879-1234 
Wyle Electronics ........... (818)880-9000 

Manhattan Beach ' 
PENSTOCK .............. (310)546-8953 

Newberry Park ' 
PENSTOCK .............. (805)375-6680 

Palo Alto 
Newark .................. (415)812-6300 

Riverside 
Newark .................. (909)980-2105 

Rocklin 
Hamilton/Hallmark ......... (916)624-4500 

Sacramento 
FAI ...•................. (916)782-7882 
Newark ...............••. (916)565-1760 
Wyle Electronics ..... ,. : •.. (916)638-5282 

San Diego 
Arrow/Schweber Electronics .. (619)565-4800 
FAI ..................... (619)623-2888 
Future Electronics ........ " (619)625-2800 
Hamilton/Hallmark ......... (619)571-7540 
Newark .................. (619)453-8211 
PENSTOCK .......•... '" (619)623-9100 
Wyle Electronics ........... (619)565-9171 

San Jose 
Arrow/Schweber Electronics .. (408)441-9700 
Arrow/Schweber Electronics .. (408)428-6400 
FAI ..................... (408)434-0369 
Future Electronics .......... (408)434-1122 

Santa Clara 
Wyle Electronics ........... (408)727-2500 

Santa Fe Springs 
Newark ......... , ........ (310)929-9722 

Sierra Madre 
PENSTOCK ............... (818)355-6775 

Sunnyvale 
Hamilton/Hallmark. , ........... (408)435-3500 
PENSTOCK ............... (408)730-0300 
Time Electronics .......... 1-800-789-TIME 

Thousand Oaks 
Newark .................. (805)449~1480 

Torrance 
Time Electronics .. , ....... 1-800-789-TIME 

Tustin 
Time Electronics .......... 1-800-789-TIME 

Woodland Hills 
Hamilton/Hallmark ..........•. (818)594-0404 

COLORADO 
Lakewood 

FAI ...................... (303)237-1400 
Future Electronics .......... (303)232-2008 

Denver .',' 
Newark .................. (303)373-4540 

Englewood 
Arrow/Schweber Electronics .... (303)799-0258 
Hamilton/Hallmark .......... (303)790-1662 
PENSTOCK ............... (303)799-7845 
Time Electronics .......... 1-800-789-TIME 

Thornton 
Wyle Electronics ........... (303)457-9953 

CONNECTICUT 
Bloomfield 

Newark .................. (203)243-1731 
Cheshire 

FAI. ..................... (203)250-1319 
Future Electronics .......... (203)250-0083 
Hamilton/Hallmark .......... (203)271-5700 

Southbury , 
Time Electronics .. , ....... 1-800-789-TIME 

Wallingfort 
Arrow/Schweber Electronics .... (203)265-7741 

FLORIDA 
Altamonte Springs 

Future Electronics .......... (407)865-7900 
Clearwater 

FAI. ..................... (813)530-1665 
Future Electronics, ......... (813)530-1222 

Deerfield Beach 
Arrow/Schweber Electronics .... (305)429-8200 
Wyle Electronics ........•.. (305)420-0500 

Ft. Lauderdale 
FAI ...................... (305)428-9494 
Future Electronics .......... (305)436-4043 
Hamilton/Hallmark .......... (305)484-5482 
Newark .................. (305)486-1151 
Time Electronics .......... 1-800-789-TIME 

Lake Mary 
Arrow/Schweber Electronics .. (407)333-9300 

LargofTampalSt. Petersburg 
Hamilton/Hallmark .......... (813)507-5000 
Newark .................. (813)287-1578 
Wyle Electronics ........... (813)576-3004 
Time Electronics. , ........ 1-800-789-TIME 

Orlando 
FAI. ..................... (407)865-9555 
Newark .................• (407)896-8350 

Tallahassee , 
FAI. ..................... (904)668-7772 

Tampa ' 
Newark .................. (813)287-1578 
PENSTOCK ..... , ......... (813)247-7556 

Winter Park 
Hamilton/Hallmark .......... (407)657-3300 
PENSTOCK ............... (407)672-1114 

GEORGIA 
Atlanta 

FAI ...................... (404)447-4767 
Time Electronics ......... 1-800-789-TIME 
Wyle Electronics ............ (404)441-9045 

Duluth 
Arrow/Schweber Electronics .... (404)497-1300 
Hamilton/Hallmark .......... (404)623-5475 

Norcross 
Future Electronics .......... (770)441-7676 
Newark ................... (770)448-1300 
PENSTOCK ............... (770)734-9990 
Wyle Electronics ............ (770)441-9045 

IDAHO 
Boise ; 

FAI ...................... (208)376-8080 
Newark ................... (208)342-4311 

ILLINOIS 
Addison 

Wyle Laboratories .......... (708)620-0969 
Bensenville 

Hamilton/Hallmark ............ (847)797-7300 
Chicago 

FAI ...................... (708)843-0034 
Newark Electronics Corp ... 1-800-4NEWARK 

Hoffman Estates 
Future Electronics .......... (708)882-1255 

Itasca 
Arrow/Schweber Electronics .. (708)250-0500 

Palatine 
PENSTOCK ............... (708)934-3700 

Schaumburg 
Newark ................... (708)31 0-8980 
Time Electronics ...•..... 1-800-789-TIME 

INDIANA 
Indianapolis 

Arrow/Schweber Electronics .... (317)299-2071 
Bailey's Electronics ......... (317)848-9958 
Hamilton/Hallmark .......... (317)575-3535 
FAI ...................... (317)469-0441 
Future Electronics .......... (317)469-0447 
Newark ................... (317)259-0085 
Time Electronics ...... ~ .. 1-800-789-TIME 

Ft. Wayne 
Newark ................... (219)484-0766 
PENSTOCK ............... (219)432-1277 

IOWA 
Cedar Rapids 

Newark ................... (319)393-3800 
Time Electronics ......... 1-800-789-TIME 

KANSAS 
Kansas City 

FAI ...................... (913)381-6800 
Lenexa 

Arrow/Schweber Electronics .. (913)541-9542 
Olathe 

PENSTOCK ............... (913)829-9330 
Overland Park 

Future Electronics .......... (913)649~ 1531 
Hamilton/Hallmark ..•....... (913)663-7900 
Newark ................... (913)677-0727 
Time Electronics ......... 1-800-789-TIME 

MARYLAND 
Baltimore 

FAI ...................... (410)312-0833 
Columbia 

Arrow/Schweber Electronics .... (301 )596-7800 
Future Electronics ..... ; .... (410)290-0600 
Hamilton/Hallmark .......... (410)720-3400 
Time Electronics ......... 1-800-789-TIME 
PENSTOCK ............ ' ... (410)290-3746 
Wyle Electronics ......... , ; .(410)312-4844 

Hanover 
Newark ................... (410)712-6922 

For changes to this information contact Technical Publications at FAX (602) 244-6560 
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AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES· continued 
MASSACHUSETTS 

Boston 
Arrow/Schweber Electronics .... (508)658-0900 
FAI .•.......•••••...•..• (508)779-3111 
Newark •..•.......••••• 1-800-4NEWARK 

Bolton 
Future Corporate •••.....•. (508)779-3000 

Burlington 
PENSTOCK .•....••••••.• (617)229-9100 
Wyle Electronics ...••...•.. (617)271-9953 

Peabody 
Time Electronics ...••..... 1-800-789-TIME 
Hamilton/Hallmark .••..•••. (508)532-9893 

Woburn 
Newark .••••••.•..•...... (617)935-8350 

MICHIGAN 
Detroit 

FAI •••••••••••••••.•.•.. (313)513-0015 
Future Electronics .•.•.•..•• (616)698-6800 

Grand Rapids 
Newark .................. (616)954-6700 

Livonia 
Arrow/Schweber Electronics ..•• (810)455-0850 
Future ElectroniCs ....••.... (313)261-5270 
Hamilton/Hallmark ••••....• (313)416-5800 
Time Electronics ...••••.•• 1-800-789-TIME 

Troy 
Newark .................. (810)583-2899 

MINNESOTA 
Bloomington 

Wyle Electronics .••.••...•.•.• (612)853-2280 
Burnsville 

PENSTOCK .......•••..•. (612)882-7630 
Eden Prairie 

Arrow/Schweber Electronics .. (612)941-5280 
FAI ....••..•.•.......... (612)947-0909 
Future Electronics •••••..... (612)944-2200 
Hamilton/Hallmark .•......• (612)881-2600 
Time Electronics .•..••..•. 1-800-789-TIME 

Minneapolis 
Newark .•.•.....•..•..•.. (612)331-6350 

MISSOURI 
Earth City 

Hamilton/Hallmark ...•..•.. (314)291-5350 
St. Louis 

Arrow/Schweber Electronics ..•. (314)567-6888 
Future Electronics ......•... (314)469-6805 
FAI .•..•...•••...•...... (314)542-9922 
Newark .................. (314)453-9400 
Time Electronics •••.•...•. 1-800-789-TIME 

NEW JERSEY 
Bridgewater 

PENSTOCK ..•..•.......•..•. (908)575-9490 
Cherry Hili 

Hamilton/Hallmark ..•.•.... (609)424-0110 
East Brunswick 

Newark .....•.•.•.•...... (908)937-6600 
Fairfield 

FAI •....•.....•......•.. (201)331-1133 
Marlton 

Arrow/Schweber Electronics .. (609)596-8000 
FAI ..................... (609)988-1500 
Future Electronics. . . • . . . . .. (609)596-4080 

Plnebrook 
Arrow/Schweber Electronics .. (201)227-7880 
Wyle Electronics .•..•.•..•• (201 )882-8358 

Parsippany 
Future Electronics ...•.•.... (201)299-0400 
HamiitonlHalimark ..•...... (201)515-1641 

Wayne 
Time Electronics .•••.•.... 1-800-789-TIME 

NEW MEXICO 
Albuquerque 

Hamilton/Hallmark ...•........• (505)293-5119 
Newark .................. (505)828-1878 

NEW YORK 
Bohemia 

Newark .................. (516)567-4200 

Hauppauge 
Arrow/Schweber Electronics ...• (516)231-1 000 
FAI. ........•.•.••.••.••• (516)348-3700 
Future Electronics ...•...... (516)234-4000 
Hamilton/Hallmark •.•.•.•.•. (516)737-0600 
Newark .......•...•.... 1-800-4NEWARK 
PENSTOCK .••••.......... (516)724-9580 

Konkoma 
Hamilton/Hallmark ...••.•..• (516)737·0600 

Melville 
Wyle Laboratories .....•.••• (516)293-8446 

Pittsford 
Newark .................. (716)381-4244 

Rochester 
Arrow/Schweber Electronics .• (716)427-0300 
Future Eiectronics .•..•....• (716)387-9550 
FAI. •.•.•...••••••.•.•... (716)387-9600 
HamlitonlHalimark ...•....•. (716)272-2740 
Time Electronics •...•••••. 1-800-789-TIME 

Syracuse 
FAI ...................... (315)451-4405 
Future Electronics ..•••••... (315)451-2371 
Newark .•.••••••..••..•.. (315)457-4873 
Time Electronics •.•..••... 1-800-789-TIME 

NORTH CAROLINA 
Charlotte 

FAI ••••..........•.••..•• (704)548-9503 
Future Electronics ...•••...• (704)547-1107 
Newark .................. (704)535-5650 

Raleigh 
Arrow/Schweber Electronics ••.. (919)876-3132 
FAI. ..................... (919)876-0088 
Future Electronics •......... (919)790-7111 
Hamilton/Hallmark •.••.••..• (919)872-0712 
Newark ••....•......... 1-800-4NEWARK 
Time Electronics .........• 1-800-789-TIME 

OHIO 
Centerville 

Arrow/Schweber Electronics .... (513)435-5563 
Cleveland 

FAI. ..................... (216)446-0061 
Newark •.•....•....••.... (216)391-9330 
Time Electronics .•...•.... 1-800-789-TIME 

Columbus 
Newark .................. (614)326-0352 
Time Electronics .......•.. 1-800-789-TIME 

Dayton 
FAI. ••........•.....•.... (513)427-6090 
Future Electronics ..•....... (513)426-0090 
Hamilton/Hallmark ....•..... (513)439-6735 
Newark .................. (513)294-8980 
Time Electronics •.. , .•.... 1-800-789-TIME 

Mayfield Heights 
Future Electronics •....••..• (216)449-6996 

Solon 
Arrow/Schweber Electronics .. (216)248-3990 
Hamilton/Hallmark .........• (216)498-1100 

Worthington 
HamiitonlHalimark .......... (614)888-3313 

OKLAHOMA 
Tulsa 

FAI ....••.•••.••...•....• (918)492-1500 
Hamilton/Hallmark •......... (918)459-6000 
Newark .................. (918)252-5070 

OREGON 
Beaverton 

Arrow/Almac Electronics Corp. (503)629-8090 
Future Electronics ......•... (503)645-9454 
Hamilton/Hallmark .......... (503)526-6200 
Wyle Electronics •....•..... (503)643-7900 

Portland 
FAI. ....•............•••• (503)297-5020 
Newark .......••.•....... (503)297-1984 
PENSTOCK ...•.•......... (503)646-1670 
Time Electronics •....••... 1-800-789-TIME 

PENNSYLVANIA 
Coatesville 

PENSTOCK ....••..•••..•. (610)383-9536 

Ft. Washington 
Newark ....••....••......• (215)654-1434 

Mt. Laurel 
Wyle Electronics .•...•...•.. (609)439-911 0 

Philadelphia 
Time Electronics .••.....• 1-800-789-TIME 
Wyle Electronics ..••....••.. (609)439-911 0 

Pittsburgh 
Arrow/Schweber Electronics •... (412)963-0007 
Newark •...•..•••••.••••.. (412)788-4790 
Time Electronics ..•.•.•.. 1-800-789-TIME 

TENNESSEE 
Knoxville 

Newark ....••...•.••..•... (615)588-6493 
TEXAS 

Austin 
Arrow/Schweber Electronics •••. (512)835-4180 
Future Electronics •••....••• (512)502-0991 
FAI .••...•••..••.•••...•. (512)346-6426 
HamiitonlHallmark ••.••.•••. (512)258-8848 
Newark ..•.•.....••.•.•..• (972)458-2528 
PENSTOCK •.•...••.•..••. (512)346-9762 
Time Electronics ..•...•.. 1-800-789-TIME 
Wyle Electronics .•.••.....•• (512)833-9953 

Benbrook 
PENSTOCK ••.•...•.......•.. (817)249-0442 

Caroilton 
Arrow/Schweber Electronics •. (214)380-6464 

Dallas 
FAI ...................... (214)231-7195 
Future Electronics •....••... (214)437-2437 
Hamilton/Hallmark .•.•.••.•• (214)553-4300 
Newark ....•••..••.....•.• (214)458-2528 
Time Electronics .•.....•• 1-800-789-TIME 
Wyle Electronics ....•••....• (214)235-9953 

EIPaso 
FAI ...................... (915)577-9531 
Newark •....••...•...••.•. (915)772-6367 

Ft. Worth 
Allied Electronics ••••.•..... (817)336-5401 

Houston 
Arrow/Schweber Electronics •. (713)647-6868 
FAI ...................... (713)952-7088 
Future Electronics ...•..•... (713)785-1155 
Hamilton/Hallmark ........•. (713)781-6100 
Newark •...•..........••.. (713)894-9334 
Time Electronics ..•...... 1-800-789-TIME 
Wyle Electronics ...•......•. (713)879-9953 

Richardson 
PENSTOCK •.•............ (214)479-9215 

San Antonio 
FAI ..••.....•...•••.•.... (210)738-3330 
Newark ............•..••.. (210)734-7960 

UTAH 
Salt Lake City 

Arrow/Schweber Electronics .... (801)973-6913 
FAI .............. , ....... (801)467-9696 
Future Electronics .•...•.. ; .(801)467-4448 
Hamilton/Hallmark ..•......•••. (801)266-2022 
Newark •..•.•.•.•.••...... (801 )261-5660 
Wyle Electronics .•..••.••... (801 )974-9953 

West Valley City , 
Time Electronics ..•...... 1-800-789-TIME 
Wyle ElectroniCS ....•...•..• (801)974-9953 

WASHINGTON 
Bellevue 

Almac Electronics Corp ....... (206)643-9992 
PENSTOCK ......•.•..•.•. (206)454-2371 

Bothell 
Future Electronics .........• (206)489-3400 

Kirkland 
Newark ...•.•..•.....••... (206)814-6230 

Redmond 
HamiitonlHalimark ....••.....•. (206)882-7000 
Time Electronics •......•. 1-800-789-TIME 
Wyle Electronics ....••.....• (206)881-1150 

Seattle 
FAI ...................... (206)485-6616 
Wyle Electronics ............ (206)881-1150 

For changes to this Information contact Technical Publications at FAX (602) 244-6560 



1/1/97 

AUTHORIZED DISTRIBUTORS - continued 
UNITED STATES - continued 

WISCONSIN 
Brookfield 

Arrow/Schweber Electronics .••. (414)792-0150 
Future Electronics .....•...• (414)879-0244 
Wyle Electronics .•••••••••• (414)521-9333 

Madison 
Newark. .. • • • .. • • . .. • .. .• (608)278-0177 

Milwaukee 
FAI ..................... (414)792-9778 
Time Electronics ••.••••••. 1-800-789-TIME 

New Berlin 
Hamilton/Hallmark ••••••.•• (414)780-7200 

Wauwatosa 
Newark .................. (414)453-9100 

CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc .•••••••.•• (403)255-9550 
FAI •••.••.•..•...•••..•• (403)291-5333 
Future Electronics .•••••••.• (403)250-5550 
HamiltonlHallmark ......••..••• (800)663-5500 

Edmonton 
FAI ....•••••••.•.•....• , (403)438-5888 
Future Electronics ..•..••... (403)438-2858 
Hamilton/Hallmark . . . . • • • .• (800)663-5500 

AUSTRALIA 
AVNETVSI Electronics (Aust.) 
....................... (61)2 9878-1299 

Veltek Australia Ply Ltd .•... (61)3 9574-9300 
AUSTRIA 

EBV Elektronik ..........•• (43) 18941774 
SEl/Elbatex GmbH ........•• (43) 1 866420 
Spoerle Electronic ..•.•... (43) 131872700 

BELGIUM 
Spoerle Electronic ...•..... (32) 2 725 4660 
EBV Elektronik •.....••.... (32) 2 716 0010 
SEl/Rodelco B.V ....•...... (32) 24600560 

BULGARIA 
Macro Group ..•.....•••.... (359) 2708140 

CZECH REPUBLIC 
Spoerle Electronic ..•.....••. (42) 2731355 
SEI/Elbatex .••............. (42) 24763707 
Macro Group .......•.•..•.. (42) 23412182 

CHINA 
Advanced Electronics Ltd ... (852)2 305-3633 
AVNETWKK Components Ltd. 
••...........•....••••• (852)2 357-8888 

China EI. App. Corp. XiaMan Co. 
· ...........•..•..•... (86)10 6818-9750 
Nanco Electronics Supply Ltd. 
· . . . . . . . . . . . . . . . . • . . .. (852) 2 765-3025 
· ................... or (852) 2 333-5121 

Qing Cheng Enterprises Ltd. (852) 2493-4202 
DENMARK 

Arrow Exatec .......•..... (45) 44 927000 
Avnet Nortec AlS ....•..... (45) 44 880800 
EBV Elektronik •.•...••..... (45) 39690511 

ESTONIA 
Arrow Field Eesti •...••..... (372) 6503288 
Avnet Baltronic •.....•...... (372) 6397000 

FINLAND 
Arrow Field OY ......•..... (35) 897 775 71 
Avnet Nortec OY ....•....•• (35) 89613181 

FRANCE 
Arrow Electronique ....... (33) 1 49 78 49 78 
Avnet Components ....•.. (33) 1 49 65 25 00 
EBV Elektronik .......... (33) 1 64 68 86 00 
Future Electronics ....•....• (33)1 69821111 
Newark ...........•..... (33)1-30954060 
SEl/Scaib .............. (33) 1 69 19 89 00 

GERMANY 
Avnet E2000 ............. (49) 89 4511001 
EBV Elektronik GmbH •.... (49) 8999114-0 
Future Electronics GmbH ... (49) 89-957270 

Saskatchewan 
Hamilton/Hallmark ..•.....•. (800)663-5500 

BRITISH COLUMBIA 
Vancouver 

Arrow Electronics •........• (604)421-2333 
Electro Sonic Inc .•.•.••.••• (604)273-2911 
FA!. •••••••••••••.••••.•• (604)654-1050 
Future Electronics •.•....... (604)294-1166 
Hamilton/Hallmark ...•••••.•.•• (604)420-4101 

MANITOBA 
Winnipeg 

Electro Sonic Inc .•...•.•..• (204)783-3105 
FAI .•••.•.•....••...•.... (204)786-3075 
Future Electronics •.••••••.. (204)944-1446 
Hamilton/Hallmark ..•••..•.•.•• (800)663-5500 

ONTARIO 
Kanata 

PENSTOCK .••••...••..•.. (613)592-6088 
London 

Newark .................. (519)685-4280 
Mississauga 

PENSTOCK. .............• (905)403-0724 
Newark .................. (905)670-2888 

INTERNATIONAL DISTRIBUTORS 
GERMANY - continued 

SEIIJermyn GmbH ..••..... (49) 6431-5080 
Newark ................. (49)2154-70011 
Sasco Semiconductor .•.•••.. (49) 89-46110 
Spoerle Electronic ..•••.... (49) 6103-304-0 

GREECE 
EBV Elektronik ............ (30) 13414300 

HOLLAND 
EBV Elektronik .......... (31) 3465 623 53 
Spoerle Electronic .......... (31) 4054 5430 
SEIlRodelco B.V ......•••• (31) 765722700 

HONG KONG 
AVNET WKK Components Ltd. 
....•.....•...••....... (852)2357-8888 

Nanshlng Clr. & Chem. Co. Ltd 
....•......•.........•. (852)2 333-5121 

INDIA 
Canyon Products Ltd ...... (91) 80558-7758 

INDONESIA 
P.T.Ometraco .....•....• (62) 21619-6166 

IRELAND 
Arrow ................... (353) 14595540 
Future Electronics ....•....• (353) 6541330 
Macro Group ........•.... (353) 16766904 

ITALY 
AVNET EMG SRL .••••.••.•. (39) 2 381901 
EBV Elektronik •. , ..•..•..•• (39) 2 660961 
Future Electronics •.......••. (39) 2 660941 
Silverstar Ltd. SpA •......•.• (39) 2 6612 51 

JAPAN 
AMSC Co., Ltd .. " ......•. 81-422-54-6800 
FUJI Electronics Co., Ltd ••... 81-3-3814-1411 
Marubun Corporation ....•. 81-3-3639-8951 
Nippon Motorola Micro Elec ..... 81-3-3280-7300 
OMRON Corporation .•...•. 81-3-3779-9053 
Tokyo Electron Ltd ...•..••. 81-3-5561-7254 

KOREA 
Jung Kwang Sa .••.••.•••.. (82)2278-5333 
Lite-On Korea Ltd ....••.••.. (82)2858-3853 
Nasco Co. Ltd ............. (82)23772-6800 

LATVIA 
Avnet .................... (371) 8821118 

LITHUANIA 
Macro Group ............•• (370) 7751487 

NEW ZEALAND 
AVNETVSI (NZ) Ltd ........ (64)9636-7801 

NORWAY 
Arrow Tahonic AlS ••..•...•• (47)2237 8440 
Avnet Nortec AlS Norway .... (47) 66 846210 

Ottawa 
Arrow Electronics ••••••••••• (613)226-6903 
Electro Sonic Inc .•........•. (613)728-8333 
FAI ...................... (613)820-8244 
Future Electronics .••.•...•• (613)727·1800 
HamiitonlHailmark .••••.•.•..•. (613)226-1700 

Toronto 
Arrow Electronics .••••••.••• (905)670-7769 
Electro Sonic Inc ............ (416)494-1666 
FAI ...................... (905)612-9888 
Future Electronics •••••••••• (905)612-9200 
Hamilton/Hallmark •••••.•... (905)564-6060 
Newark ••...•....••.....•. (905)670-2888 

QUEBEC 
Montreal 

Arrow Electronics •..•••.•••• (514)421·7411 
FAI .......•......•••.••.. (514)694-8157 
Future Electronics •••••.•••. (514)694-7710 
HamlltonlHallmark ••••••••••••• (514)335-1000 

Mt. Royal 
Newark ...•..•.......•...• (514)738-4488 

Quebec City 
Arrow Electronics ••.......•. (418)687-4231 
FAI .•.•.•..•.••....•.••.• (418)682-5775 
Future Electronics •••••••.•• (418)877-6666 

PHILIPPINES 
Alexan Commercial ••.••.•. (63) 2241-9493 

POLAND 
Macro Group ............. (48) 22 224337 
SEIlElbatex •....•......• (48) 22 6254877 
Spoerie Eiectronic ..•.•... (48) 22 6060447 

PORTUGAL . 
Amitron Arrow ............ (35) 114714806 

ROMANIA 
Macro Group ..•...•....•.• (401) 6343129 

RUSSIA 
Macro Group ............. (781)25311476 

SCOTLAND 
EBV Elektronik ...•.•.... (44) 1614993434 

SINGAPORE 
Future Electronics ..•.•.••.. (65) 479-1300 
Strong Pte. Ltd .•.•••••.••.. (65) 276-3996 
Uraco Technologies Pte Ltd ... (65) 545-7811 

SLOVAKIA 
Macro Group •..•.••......• (42) 89634181 

SLOVENIA 
SEIlEibatex •.••••.•••..• (48) 22 6254877 

SPAIN 
Amitron Arrow ........... (34) 1 3043040 
EBV Elektronik. . • . . . . . . . . (34) 1 804 32 56 
SEIlSelco S.A. .•..•...... (34) 1 637 10 11 

SWEDEN 
Arrow-Th:s ........••....•• (46) 8362970 
Avnet Nortec AB ......... (46) 8 62914 00 

SWITZERLAND 
EBV Elektronik ............ (41) 17456161 
SEIlElbatexAG .......•.. (41)564375111 
Spoerle Electronic .......•. (41) 18746262 

S.AFRICA 
Advanced. • . . . . . . . . . . . . • (27) 11 4442333 
Reuthec Components . • . . • (27) 11 8233357 

THAILAND 
Shapiphat Ltd •. (66)2221-0432 or 2221-5384 

TAIWAN 
Avnet-Mercuries Co., Ltd ..• (886)2516-7303 
Solomon Technology Corp •. (886)2 788-8989 
Strong Electronics Co. Ltd ... (886)2917-9917 

UNITED KINGDOM 
Arrow Electronics (UK) Ltd. (44) 1 234270027 
AvneVAccess •.....•..•• (44) 1 462488500 
EBV Eiektronik ..••...... (44) 1 628 783688 
Future Electronics Ltd .•.•. (44) 1 753763000 
Macro Group .•...•..•••• (44) 1 62860600 
Newark •..••••••••.••.. (44) 1 420543333 

For changes to this Information contact Technical Publications at FAX (602) 244-6560 



1/1/97 

MOTOROLA WORLDWIDE SALES OFFICES 
UNITED STATES 

ALABAMA 
Huntsville . . . . . . . . . . . . . . .. (205)464-6800 

ALASKA . .............. (800)635-8291 
ARIZONA 

Tempe ................... (602)302-8056 
CALIFORNIA 

Calabasas ................ (818)878-6800 
Irvine .................... (714)753-7360 
Los Angeles .............. (818)878-6800 
San Diego ..............•. (619)541-2163 
Sunnyvale ................ (408)749-0510 

COLORADO 
Denver .................. (303)337-3434 

CONNECTICUT 
Wallingford. . . . . . . . . . . . . .. (203)949-4100 

FLORIDA 
Clearwater ............... (813)524-4177 
Maitland ................. ' (407)628-2636 
Pompano Beach/Ft. Lauderdale 
...................... , ; (954)351-6040 

GEORGIA 
Atlanta .................. (770)729-7100 

IDAHO 
Boise .................. " (208)323-9413 

ILLINOIS 
Chicago/Schaumburg ....... (847)413-2500 

INDIANA 
Indianapolis .............. (317)571-0400 
Kokomo .................. (317)455-5100 

IOWA 
Cedar Rapids ............. (319)378-0383 

KANSAS 
Kansas City/Mission ........ (913)451-8555 

MARYLAND 
Columbia ................ (410)381-1570 

MASSACHUSETTS 
Marlborough .................. (508) 357-8207 
Woburn .................. (617)932-9700 

MICHIGAN 
Detroit. .................. (810)347-6800 

MINNESOTA 
Minnetonka ............... (612)932-1500 

MISSOURI 
st. Louis ..............•. ; (314)275-7380 

NEW JERSEY 
Fairfield .................. (201 )808-2400 

NEWYORK 
Fairport. ................. (716)425-4000 
Fishkill ................... (914)896-0511 
Hauppauge ............... (516)361-7000 

NORTH CAROLINA 
Raleigh .................. (919)870-4355 

OHIO 
Cleveland ................ (216)349-3100 
Columbus/Worthington ...... (614)431-8492 
Dayton .................. (937)438-6800 

OKLAHOMA 
Tulsa .................... (918)459-4565 

OREGON . 
Portland ................. (503)641-3681 

PENNSYLVANIA 
Colmar; ................. (215)997-1020 
Philadelphia/Horsham ...... (215)957-4100 

TENNESSEE 
Knoxville ................. (423)584-4841 

TEXAS ' 
Austin ................... (512)502-2100 
Houston .................. (713)251-0006 
Plano .................... (972)516-5100 

VIRGINIA 
Richmond ................ (804)285-2100 

UTAH , 
CSI Inc ................... (801 )572-401 0 

WASHINGTON 
Bellevue .................. (206)454-4160 
Seattle (toll free) ........... (206)622-9960 

WISCONSIN 
Milwaukee/Brookfield ....... (414)792-0122 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 

BRITISH COLUMBIA 
Vancouver ................ (604)606-8502 

ONTARIO 
Ottawa ................... (613)226-3491 
Toronto .................. (416)497-8181 

QUEBEC 
Montreal ...........•...... (514)333-3300 

INTERNATIONAL 

AUSTRALIA 
Melbourne ......... ; ..... (61-3)98870711 
Sydney ................. (61-2)99661071 

BRAZIL .,' , 
Sao Paulo ............... 55(11)815-4200 

CHINA 
Beijing •................. 86-10-68437222 
Guangzhou .............. 86-20-87537888 
Shanghai ................ 86-21-63747668 
Tianjin ................... 86-22-5325072 

DENMARK 
Denmark ................. (45) 43488393 

FINLAND 
Helsinki ................ 358-0-351 61191 
car phone ................ 358(49)211501 

FRANCE 
Paris .................... 33134635900 

GERMANY 
Langenhagen/Hanover ..... .49(511 )786880 
Munich ................... 498992103-0 
Nuremberg .......... ~ ... 49 911 96-3190 
Sindelfingen ............. 497031 79710 
Wiesbaden .............. .49611 973050 

HONG KONG 
Kwai Fong ............... 852-2-610-6888 
Tai Po ................... 852-2-666-8333 

INDIA 
Bangalore ................ 91-80-5598615 

ISRAEL 
Herzlia ........•........... 972-9-590222 

ITALY 
Milan ......... ' ..........•... 39(2)82201 

JAPAN 
Kyusyu .................. 81-92-725-7583 
Gotanda ................. 81-3-5487-8311 
Nagoya .................. 81-52-232-3500 
Osaka .................... 81-6-305-1801 
Sendai .................. 81-22-268-4333 
Takamatsu ............... 81-878-37-9972 
Tokyo; .................. 81-3-3440-3311 

KOREA 
Pusan ................... 82(51 )4635-035 
Seoul .................... 82(2)554-5118 

MALAYSIA 
Penang ................... 60(4)228-2514 

MEXICO 
Mexico City .....•.......... 52(5)282-0230 
Guadalajara ............... 52(36)21-8977 
Zapopan Jalisco ............ 52(36)78-0750 
Marketing ................. 52(36)21-2023 
Customer Service .... ; .... 52(36)669-9160 

NETHERLANDS 
Best ................... (31)499861211 

PHILIPPINES 
Manila .................. (63)2 822-0625 

PUERTO RICO 
San Juan ................. (809)282-2300 

SINGAPORE . ............. (65)4818188 
SPAIN 

Madrid ................... 34(1)457-8204 
or ....................... 34(1)457-8254 

SWEDEN 
Solna ................... .46(8)734-8800 

SWITZERLAND 
Geneva ................. 41(22)7991111 
Zurich .................... 41(1)730-4074 

TAIWAN , ' 
Taipei ................... 886(2)717-7089 

THAILAND 
Bangkok .................. 66(2)254-4910 

UNITED KINGDOM 
Aylesbury .............. 44 1 (296)395252 

FULL LINE REPRESENTATIVES' 

CALIFORNIA, Loomis 
Galena Technology Group .... (916)652-0268 

NEVADA, Reno 
Galena Tech. Group ......... (702)746-0642 

NEW MEXICO, Albuquerque 
S&S Technologies, Inc ....... (505)414-11 00 

UTAH, Salt Lake City 
Utah Compo Sales, Inc. . ..... (801 )572-401 0 

WASHINGTON, Spokane 
Doug Kenley ............... (509)924-2322 

HYBRID/MCM COMPONENT 
SUPPLIERS 

Chip Supply ............... (407)298-7100 
Elmo Semiconductor ........ (818)768-7400 
Minco Technology Labs Inc .... (512)834-2022 
Semi Dice Inc .............. (310)594-4631 

For changes to this information contact Technical Publications at FAX (602) 244-6560 
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How to reach us: 

USA/EUROPE: Motorola Literature Distribution; P.O. Box 5405; Denver, Colorado 80217 
Phone: 1-800-441-2447 or 303-675-2140,_ 

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki, 
6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan 
Phone: 03-3521-8315 

HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 
51 Ting Kok Road, Tai Po, N.T., Hong Kong 
Phone: 852-266?9298 

Mfax: RMFAXO@email.sps.mot.com 
TOUCH-TONE: 602-244-6609 - US & Canada ONLY: 800-774-1848 
or via the Internet at http://www.mot-sps.com/home/fax_rqst.html 

Internet: After accessing the Internet, use the following URL: . 
http://www.mot.comiSPS 
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