
































































































































































































































































































































































































































































































































































































































































































PICTURE HEADER 

picture start code, PS 
32 bits= OxOOOO 0100 

temporal reference, TR, 10 bits 

VBV delay(cont) 

code 
type, CT 
3 bits 

VBV 
delay, 
16 bits 

picture start code: byte-aligned 

temporal reference: counts the 
display order of each 
picture(relative to group start). 
picture code type: defines the type 
of picture, see table A.6. 
Virtual Buffer Verifier delay: units 
of 1/90000 sec, specifies time to 
fill buffer from 

empty to current state at sequence 
specified bit rate. 
full pel forward vector: set if 
vector precision is 1 pel, else 
precision is .5 pels, P and B 
pictures only. 
forward f code: specifies maximum 
magnitude of forward vectors; P,B 

only, see table A.7. 

full pel backward vector: set if 
vector precision is 1 pel, else 
precision is .5 pels, B pictures 
only. 
backward f code: specifies maximum 
magnitude of backward vectors; B 
pictures only. 
extra picture information flag: 

specifies that a byte of extra 
picture information is to follow. 
Successive information bytes may 
follow each preceded by a 1 bit. 0 
specifies the end of extra picture 
information data. 

,,.4,,,7,,41*,,,,,,,,,,,,,1 extension data start code: byte 
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aligned. 

this is data that allows for future 
extensions and is expressed in bytes 
and continues until the next start 
code. It is present only if the 
extension data start code was 
present. 

user data start code: byte aligned. 

this is data, defined by the user, 
expressed in bytes, and continues 
until the next start code. It is 
present only if the extension data 
start code was present . 
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SLICE HEADER 

slice start code, SLS 
32 bits= OxOOOO 0101 - OxOOOO 01AF 

quantizer scale, 
QS, 5 bits 

MOTOROLA 

slice start code: byte aligned: the 
last 8 bits specify the vertical 
row(l-based) of the first macroblock 
in the slice. 

quantizer scale: this will scale the 
quantization of the DCT coefficients 
extra slice information flag: set to 
1 if a 

byte of extra slice information is 
to follow. Subsequent information 
may follow in bytes preceded by a 
set bit. A 0 bit signifies the 

end of the data. 
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MACROBLOCK HEADER 

macro-block 
type, MBT,1-6 bits 
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macroblock 
address 
increment, 
at least one bit 

stuffing: may be used to prevent 
underflow; may also repeat as 
necessary. 
macroblock address increment: this 
specifies the increment in address 
of the current macroblock. 

-""""--~~~~~--'!See Table A.9 and its associated 

discussion. 

macroblock type: specifies whether 
macroblock is intra-coded, forward­
predicted, backward-predicted, 
see tables A.15-A.17 
quantizer scale: present if ICT=Ol. 
motion horizontal forward code: 
present only if macroblock type 
specifies macroblock_motion_forward 
flag 

motion horizontal forward r: present 
only if MHFC is not 0 and FFC does 
not = 1. MHFR and MHFC determine the 
forward horizontal vector component. 
motion vertical forward code: 
present only if macroblock type 
specifies macroblock_motion_forward 
flag 

motion vertical forward r: present 
only if MVFC is not 0 and FFC does 
not = 1. MVFR and MVFC determine the 
forward horizontal vector component. 
motion horizontal backward code: 
present only if macroblock type 
specifies macroblock_motion_backward 
flag 

motion horizontal backward r: 
present only if MHBC is not 0 and 
FFC does not = 1. MHBR and MHBC 
determine the forward horizontal 
vector component. 
motion vertical backward code: 
present only if macroblock type 
specifies macroblock_motion_forward 
flag 

motion vertical backward r: present 
only if MVBC is not 0 and FFC does 
not = 1. MVBR and MVBC determine the 
forward horizontal vector component. 
coded block pattern: present only if 
MET has macroblock_pattern flag set. 
This is used to specify which blocks 
are coded within a macroblock. See 
Table A.21. 
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BLOCK DATA 

block data: see syntax below 
1: end code for D-picture 
macroblocks only 

dct de size luminance or dct de size 
chrominance: both for intra-coded 
blocks only. 2-7 or 2-8 bits that 
specify the base value and size of 
the dct difference value. 
dct de differential: 1-8 bits that 
specifies the dct value differential 
from the previous block of the same 
type. 

*** OR INSTEAD OF THESE 2 CODES *** 
dct coeff first: the first dct value 
for a non-intra-coded block. 

ac data: series of 3-28 bit codes 
for each of the remaining 63 dct 
differentials. 

,..i:;;;;...;o_,__,__.._.._ ___ _.._.._.._.._.._end of block: 10 denotes end of 

MOTOROLA 

block data 

NOTE: for p-pictures and b-pictures 
the dct data refers to error­
correction values. If a block has 
little or no error the encoder may 
choose not to code the block, i.e. 
the block is skipped and CBP is set 
appropriately to signify this. 
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A.1: Aspect Ratio 

CODE HEIGHT/WIDTH 

0000 forbidden 
0001 1.0 
0010 0.6735 
0011 0.7175 
0100 0.7615 
0101 0.8055 
0110 0.8495 
0111 0.8935 
1000 0.9375 
1001 0.9815 
1010 1.0255 
1011 1.0695 
1100 1.1135 
1101 1.1575 
1110 1.2015 
1111 reserved 

A.3: Default Intra 
Quantization Matrix 

8 16 19 22 26 27 
16 16 22 24 27 29 
19 22 26 27 39 34 
22 22 26 27 29 34 
22 26 27 29 32 35 
26 27 29 32 35 40 
26 27 29 34 38 46 
27 29 35 38 46 56 

A.5: Time Code 

FIELD BITS 
drop frame flag 1 
hours 5 
minutes 6 
fixed 1 
seconds 6 
picture number 6 

A.7: Forward F Code 
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CODE 

1 
2 
3 
4 
5 
6 
7 

forward_r_size 

0 
1 
2 
3 
4 
5 
6 

29 
34 
34 
37 
40 
48 
56 
69 

VALUES 
-

0-23 
0-59 

1 
0-59 
0-59 

forward_f 

1 
2 
4 
8 
16 
32 
64 

A.2: Picture Ratio 

CODE PICTS/SEC 
0000 forbidden 
0001 23.976 
0010 24 
0011 25 
0100 29.97 
0101 30 
0110 50 
0111 59.94 
1000 60 
1001 reserved 
1010 reserved 
1011 reserved 
1100 reserved 
1101 reserved 
1110 reserved 
1111 reserved 

A.4: Default Non-Intra 
Quantization Matrix 

34 16 16 16 16 16 16 16 16 
37 16 16 16 16 16 16 16 16 
38 16 16 16 16 16 16 16 16 
40 16 16 16 16 16 16 16 16 
48 16 16 16 16 16 16 16 16 
58 16 16 16 16 16 16 16 16 
69 16 16 16 16 16 16 16 16 
83 16 16 16 16 16 16 16 16 

A.6: Picture Type 

CODE PICTURE TYPE 
000 forbidden 
001 I picture 
010 P picture 
011 B picture 
100 D picture 
101 reserved 
110 reserved 
111 reserved 

A.8 Backward F Code 

CODE backward_r_size backward_f 

1 0 1 
2 1 2 
3 2 4 
4 3 8 
5 4 16 
6 5 32 
7 6 64 
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Macroblock Address Increment 

Encoders and decoders keep track of the placement of macroblocks within a picture through the use of the macroblock ad­
dress increment found in each macroblock header, and through the use of the vertical slice position(the last 8 bits of the slice 
start code). Macroblocks are given addresses starting with O in the upper left hand corner of the picture and incremented from 
left to right and top to bottom(i.e. raster scan order). The address of a macroblock is determined by adding the previous macro­
block address value with the macroblock address increment of the current macroblock header. In general, i-picture macroblocks 
always have increments of 1. P-pictures and b-pictures may have increments greater than 1. When this happens we have 
encountered skipped macroblocks. In p-pictures the skipped macroblocks are simply copied from the reference picture. In b­
pictures the skipped macroblocks are motion compensated using the most recent motion vector values. 

A.9: Macroblock Address Increment 

INCREMENT CODE INCREMENT CODE 

1 1 17 000 001 0110 
2 011 18 000 001 0101 
3 010 19 000 001 0100 
4 0011 20 000 001 0011 
5 0010 21 000 001 0010 
6 0 0011 22 000 0010 0011 
7 0 0010 23 000 0010 0010 
8 000 0111 24 000 0010 0001 
9 000 0110 25 000 001 0 0000 
10 0000 1011 26 000 0001 1111 
11 0000 1010 27 00000011110 
12 0000 1001 28 000 00011101 
13 0000 1000 29 000 0001 1100 
14 0000 0111 30 000 00011011 
15 0000 0110 31 000 00011010 
16 00 0001 0111 32 000 0001 1001 

33 000 0001 1 000 
escape 000 0000 1000 
padding 000 0000 1111 

Note that there are codes for increments only up to value 33. For values above 33, each appearance of the escape se­
quence(OOO 0000 1000) will add 33 to the following address increment. For example, to get an increment of 70, use 000 0000 
1000, 000 0000 1000, 0011 = <escape> <escape> <4> = 33 + 33 + 4 = 70. 

The padding code, 000 0000 1111, is also shown here. This code may appear before the address increment an arbitrary 
amount of times to prevent underflow. It is discarded by the decoder. 
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Table A.10: DC Differential Size Code 

DIFFERENCE LUMA. CH ROM. 
(absolute) SIZE CODE CODE 

0 0 100 00 
1 1 00 01 

2 ... 3 2 01 10 
4 ... 7 3 101 110 

8 ... 15 4 110 1110 
16 ... 31 5 1110 11110 
32 ... 63 6 11110 111110 

64 ... 127 7 111110 1111110 
128 ... 255 8 1111110 11111110 

Table A.11: DC Sign & Magnitude Code 

DIFFERENCE SIZE SIGN, MAGNITUDE CODE 

-128 ... -255 8 00000000 ... 01111111 
-64 ... -127 7 0000000 ... 0111111 
-32 ... -63 6 000000 ... 011111 
-16 ... -31 5 00000 ... 01111 
-8 ... -15 4 0000 ... 0111 
-4 ... -7 3 000 ... 011 
-2 ... -3 2 00 ... 01 

-1 1 0 
0 0 
1 1 1 

2 .. 3 2 10 ... 11 
4 ... 7 3 100 ... 111 
8 ... 15 4 1000 ... 1111 

16 ... 31 5 10000 ... 11111 
32 ... 63 6 100000 ... 111111 

64 ... 127 7 1000000 ... 1111111 
128 ... 255 8 10000000 ... 11111111 
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Table A.12: Run-Length, Amplitude Pair Codes 

RUN- AMPLITUDE CODE RUN- AMPLITUDE 
LENGTH LENGTH 

EOB 10 1 16 
0 1 1 s (non i-picture) 1 17 
0 1 11s (i-picture) 1 18 
0 2 0100s 2 1 
0 3 00101s 2 2 
0 4 0000110s 2 3 
0 5 00100110s 2 4 
0 6 00100001s 2 5 
0 7 000000101 Os 3 1 
0 8 000000011101s 3 2 
0 9 000000011 OOOs 3 3 
0 10 000000010011s 3 4 
0 11 00000001 oooos 4 1 
0 12 000000001101os 4 2 
0 13 0000000011001s 4 3 
0 14 0000000011 OOOs 5 1 
0 15 0000000010111s 5 2 
0 16 00000000011111 s 5 3 
0 17 00000000011110s 6 1 
0 18 00000000011101 s 6 2 
0 19 000000000111 OOs 6 3 
0 20 00000000011 011 s 7 1 
0 21 0000000001101 Os 7 2 
0 22 00000000011001 s 8 1 
0 23 00000000011 OOOs 8 2 
0 24 00000000010111 s 9 1 
0 25 0000000001 011 Os 9 2 
0 26 0000000001011 Os 10 1 
0 27 0000000001 01 OOs 10 2 
0 28 00000000010011s 11 1 
0 29 0000000001 001 Os 11 2 
0 30 00000000010001s 12 1 
0 31 00000000010000s 12 2 
0 32 000000000011 OOOs 13 1 
0 33 000000000010111 s 13 2 
0 34 00000000001011 Os 14 1 
0 35 000000000010101 s 14 2 
0 36 00000000001 01 oos 15 1 
0 37 000000000010011 s 15 2 
0 38 000000000010010 16 1 
0 39 00000000001 0001 s 16 1 
0 40 000000000010000s 17 1 
1 1 011s 18 1 
1 2 000110s 19 1 
1 3 00100101s 20 1 
1 4 0000001100s 21 1 
1 5 000000011011s 22 1 
1 6 0000000010110s 23 1 
1 7 0000000010111s 24 1 
1 8 000000000011111 s 25 1 
1 9 0000000001111 Os 26 1 
1 10 00000000011101s 27 1 
1 11 000000000111 OOs 28 1 
1 12 000000000011011s 29 1 
1 13 000000000011010s 30 1 
1 14 000000000011001 s 31 1 
1 15 0000000000010011 s escape 1 

.. 
s denotes srgn: 1 tor negative numbers, 0 for posrtrve . 
Note that there are two codes tor the (0, 1) pair depending whether the picture is an i-picture or not. 

MOTOROLA 

CODE 

000000000001001 Os 

000000000001 0001 s 
0000000000010000s 
0101s 

0000100s 
0000001011s 

000000010100s 
0000000010100s 
00111s 
00100100s 

0000000111 ODs 

0000000010011 s 
00110s 

0000001111s 
00000001001 Os 

000111s 
0000001001s 
000000001001 Os 
000101s 

00000001111os 
0000000000010100s 
0001oos 

000000010101 s 
0000111s 
000000010001 s 
0000101s 

0000000010001 s 
00100111s 

0000000010000s 
00100011s 

000000000001101 Os 
00100010s 
0000000000011001 s 
0010oooos 

0000000000011 OOOs 
000000111 Os 
0000000000010111s 
0000001101s 
000000000001011 Os 
0000001 OOOs 

0000000000010101s 
000000011111s 

000000011010s 
000000011001s 

000000010111 s 
00000001011os 

0000000011111 s 
000000001111 Os 
0000000011101s 

0000000011100s 
0000000011011s 
0000000000011111 s 

000000000001111 Os 
0000000000011101 s 

00000000000111 OOs 
0000000000011011 s 

000001s 
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Table A.13: Escape Table A.14: Escape Amplitude Codes 
Run-Length Codes AMPLITUDE CODE 

RUN-LENGTH CODE 
-255 1000 0000 0000 0001 

0 00 0000 ... ... 
1 00 0001 -129 1000 0000 0111 1111 
2 00 0010 -128 1000 0000 1 000 0000 
3 00 0011 -127 1000 0001 
... ... -126 1000 0010 
63 111111 ... ... 

-2 11111110 
-1 1111 1111 
1 0000 0001 
2 0000 0010 
... ... 

126 01111110 
127 0111 1111 
128 0000 0000 1000 0000 
129 0000 0000 1000 0001 
... ... 

254 0000 0000 1111 1110 
255 0000 0000 1111 1111 

Table A.15: I-Picture Macroblock Types 

BLOCK 
MACROBLOCK MACROBLOCK NEW MOTION MOTION PATTERN INTRA-

TYPE CODE TYPE NAME QUANTIZER FORWARD BACKWARD (DCTCODED) CODED 

1 intra-d 0 0 0 0 1 
01 intra-q 1 0 0 0 1 

Table A.16: P-Picture Macroblock Types 

BLOCK 
MACROBLOCK MACROBLOCK NEW MOTION MOTION PATTERN INTRA-

TYPE CODE TYPE NAME QUANTIZER FORWARD BACKWARD (DCTCODED) CODED 

1 pred-mc 0 1 0 1 0 
01 pred-c 0 0 0 1 0 

001 pred-m 0 1 0 0 0 
00011 intra-di 0 0 0 0 1 
00010 pred-mcq 1 1 0 1 0 
00001 pred-cq 1 0 0 1 0 

000001 intra-q 1 0 0 0 1 

Table A.17: B-Picture Macroblock Types 

BLOCK 
MACROBLOCK MACROBLOCK NEW MOTION MOTION PATTERN INTRA-

TYPE CODE TYPE NAME QUANTIZER FORWARD BACKWARD (DCTCODED) CODED 

10 pred-i 0 1 1 0 0 
11 pred-ic 0 1 1 1 0 

010 pred-b 0 0 1 0 0 
011 pred-bc 0 0 1 1 0 

0010 pred-f 0 1 0 0 0 
0011 pred-fc 0 1 0 1 0 

00011 intra-d 0 0 0 0 1 
00010 pred-icq 1 1 1 1 0 
000011 pred-fcq 1 1 0 1 0 
000010 pred-bcq 1 0 1 1 0 
000001 intra-q 1 0 0 0 1 
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Table A.18: Motion Vector Range Table A.19: Motion Vector Modulus 

FORWARD_F _CODE 
or 

BACKWARD_F _CODE 

1 
2 
3 
4 
5 
6 
7 

B B B B B B 
CBP 1 2 3 4 5 6 

60 1 1 1 1 0 0 
4 0 0 0 1 0 0 
8 0 0 1 0 0 0 
16 0 1 0 0 0 0 
32 1 0 0 0 0 0 
12 0 0 1 1 0 0 
48 1 1 0 0 0 0 
20 0 1 0 1 0 0 
40 1 0 1 0 0 0 
28 0 1 1 1 0 0 
44 1 0 1 1 0 0 
52 1 1 0 1 0 0 
56 1 1 1 0 0 0 
1 0 0 0 0 0 1 

61 1 1 1 1 0 1 
2 0 0 0 0 1 0 

62 1 1 1 1 1 0 
24 0 1 1 0 0 0 
36 1 0 0 1 0 0 
3 0 0 0 0 1 1 

63 1 1 1 1 1 1 
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FORWARD_F _CODE 
FULL_PEL_ FULL_PEL_ or 

FORWARD=O BACKWARD=1 BACKWARD_F _CODE 

-8 to 7.5 -16to15 1 
-16 to 15.5 -32 to 31 2 
-32 to 31.5 -64 to 63 3 
-64 to 63.5 -128to 127 4 

-128 to 127.5 -256 to 255 5 
-256 to 255.5 -512 to 511 6 
-512to511.5 -1024to 1023 7 

Table A.20: Motion Vector Base Component Codes 

CODE VALUE CODE VALUE 

1 0 
011 -1 010 1 
0011 -2 0010 2 
00011 -3 0001 0 3 
0000 111 -4 0000 110 4 
0000 1011 -5 0000 1010 5 
0000 1001 -6 00001000 6 
0000 0111 -7 0000 0110 7 
0000 010111 -8 0000 010110 8 
0000 0101 01 -9 0000 0101 00 9 
0000 0100 11 -10 0000 0100 10 10 
0000 0100 011 -11 0000 0100 010 11 
0000 0100 001 -12 0000 0100 000 12 
0000 0011111 -13 0000 0011110 13 
0000 0011 101 -14 0000 0011 100 14 
0000 0011 011 -15 00000011010 15 
0000 0011 001 -16 0000 0011 000 16 

Table A.21: Code Block Pattern 

B B B B B B B B 
CODE CBP 1 2 3 4 5 6 CODE CBP 1 2 

111 5 0 0 0 1 0 1 0010 111 51 1 1 
1101 9 0 0 1 0 0 1 0010 110 23 0 1 
1100 17 0 1 0 0 0 1 0010 101 43 1 0 
1011 33 1 0 0 0 0 1 0010 100 25 0 1 
1010 6 0 0 0 1 1 0 0010 011 37 1 0 
1001 1 10 0 0 1 0 1 0 0010 010 26 0 1 
1001 0 18 0 1 0 0 1 0 0010 001 38 1 0 
1000 1 34 1 0 0 0 1 0 0010 000 29 0 1 
1000 0 7 0 0 0 1 1 1 00011111 45 1 0 
01111 11 0 0 1 0 1 1 0001 1110 53 1 1 
0111 0 19 0 1 0 0 1 1 0001 1101 57 1 1 
0110 1 35 1 0 0 0 1 1 0001 1100 30 0 1 
0110 0 13 0 0 1 1 0 1 00011011 46 1 0 
01011 49 1 1 0 0 0 1 0001 1010 54 1 0 
0101 0 21 0 1 0 1 0 1 0001 1001 58 1 1 
0100 1 41 1 0 1 0 0 1 0001 1000 31 0 1 
01000 14 0 0 1 1 1 0 0001 0111 47 0 0 
0011 11 50 1 1 0 0 1 0 0001 0110 55 1 1 
001110 22 0 1 0 1 1 0 0001 0101 59 1 1 
0011 01 42 1 0 1 0 1 0 0001 0100 27 0 1 
0011 00 15 0 0 1 1 1 1 0001 0011 39 1 0 

B B 
3 4 

0 0 
0 1 
1 0 
1 0 
0 1 
1 0 
0 1 
1 1 
1 1 
0 1 
1 0 
1 1 
1 1 
0 1 
1 0 
1 1 
1 1 
0 1 
1 0 
1 0 
0 1 

MODULUS 

32 
64 
128 
256 
512 
1024 
2048 

B B 
5 6 

1 1 
1 1 
0 1 
0 1 
0 1 
1 0 
1 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

CODE 

0001 0010 
0001 0001 
0001 0000 
0000 1111 
0000 1110 
0000 1101 
0000 1100 
0000 1011 
0000 1010 
0000 1001 
00001000 
0000 0111 
0000 0110 
0000 0101 
0000 0100 
0000 00111 
0000 0011 0 
0000 0010 1 
0000 0010 0 
0000 00011 
0000 0001 0 
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Ell 

The code block pattern field, CBP, is a code that when decoded gives a bit-field that specifies which blocks of a macroblock 
have index coding information present in the bit stream. The most significant bit of the decoded 6-bit value specifies whether 
block 1 is coded. The next bit specifies if block 2 is coded, ... and so on. Blocks that are not coded are assumed to consist of all 
O's. 
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Glossary of Terms and Abbreviations 

The list contains terms found in this and other Motorola publications concerned with Motorola Semiconductor 
products for Multimedia. 

AC Coupled - AC coupling is a method of connecting avid­
eo signal to any circuit in a way that removes the de offset, 
or the overall voltage level that the video signal "rides" on. 

D 

[\ [\ 

BEFORE AC COUPLING 

il 
D 
il 

AFTER AC COUPLING 
AND DC RESTORATION 

D 

DC 
LEVEL 

DC 
LEVEL 

You can see in the figure that not knowing the de offset 
means that we don't know exactly where the video signal is. 
One way to find the signal is to remove the de offset by ac 
coupling, and then do de restoration to add a known de offset 
(one that we selected). Another reason ac coupling is impor­
tant is that it can remove harmful de offsets. 

Active Video - The video waveform on a display screen that 
is actually visible. 

AID (analog-to-digital) converter (ADC) - A converter that 
uniquely represents all analog input values within a specified 
total input range by a limited number of digital output codes, 
each of them exclusively representing a fractional part of the 
total analog input range. 

Aliasing Noise - A distortion component that is created 
when frequencies present in a sampled signal are greater 
than one-half the sample rate. 

Alpha -See Alpha Channel and Alpha Mix. 

Alpha Channel - The alpha channel is used to specify an 
alpha value for each color pixel. The alpha value is used to 
control the blending, on a pixel-by-pixel basis, of two images. 

new pixel= (alpha)(pixel A color)+ (1-alpha)(pixel B color) 

Alpha typically has a normalized value of 0 to 1. In a com­
puter environment, the alpha values can be stored in addi­
tional bit planes of frame-buffer memory. When you hear 
about 32-bit frame buffers, what this really means is that 
there are 24 bits of color, 8 each for red, green, and blue, 
along with an 8-bit alpha channel. Also see Alpha Mix. 

Alpha Mix - This is a way of combining two images. how 
the mixing is performed is provided by the alpha channel. The 
little box that appears over the left-hand shoulder of a news 
anchor is put there by an alpha mixer. Wherever the pixels 
of the little box appear in the frame buffer, an alpha number 
of 1 is put in the alpha channel. Wherever they don't appear, 
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an alpha number of O is placed. When the alpha mixer sees 
a 1 coming from the alpha channel, it displays the little box. 
Whenever it sees a 0, it displays the news anchor. Of course, 
it doesn't matter if a 1 or a O is used, but you get the point. 

Anti-aliasing Filter - A filter (normally low pass) that band 
limits an input signal before sampling to prevent aliasing 
noise. 

Aperture Delay--.,- Aperture delay is the time from an edge 
of the input clock of the ADC until the time the part actually 
takes the sample. The smaller this number, the better. 

Aperture Jitter- The uncertainty in the aperture delay. This 
means the aperture delay time changes a little bit over time, 
and that little bit of change is the aperture jitter. 

Artifacts - In the video domain, artifacts are blemishes, 
noise, snow, spots, whatever. When you have an image arti­
fact, something is wrong with the picture from a visual stand 
point. Don't confuse this term with not having the display prop­
erly adjusted. For example, if the hue control is set wrong, 
the picture will look bad, but this is not an artifact. An artifact 
is some physical disruption of the image. 

Aspect Ratio - The ratio of the width of the display screen 
to the height. For most current TV sets, this ratio is 4:3. For 
HDTV, the ratio will be 16:9. The aspect ratio, along with the 
number of vertical scan lines that make up the image, deter­
mines what sample rate should be used to digitize the video 
signal. 

Asynchronous - A mode of data transmission in which the 
time occurrence of the bits within each character or block of 
characters relates to a fixed time frame, but the start of each 
character or block of characters is not related to this fixed time 
frame. 

Authoring Platform - A computer that has been outfitted 
with the right hardware for creating material to be viewed in 
a multimedia box. The video quality of the authoring platform 
has to be high enough that the playback equipment is the limit­
ing factor. 

Back Porch - The area of the video waveform between the 
rising edge of the horizontal sync and right before the active 
video. 

BREEZEWAY . 
----BLANK 

SYNC 
'--------'- - - - - - - - - - - - - - - - - SYNC 

Bandwidth - The information-carrying frequencies between 
the limiting frequencies of a communication line or channel. 

Baud -A unit of signaling speed equal to the number of dis­
crete signal conditions or events per second. This refers to 
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the physical symbols/second used within a transmission 
channel. 

Bit-Bit - Pronounced "bit blit," this is short for Bit-Boundary 
Block Transfer. This is an operation in which one area of the 
frame buffer is copied to another area of the frame buffer, gen­
erally the areas are rectangular and the pixels are copied from 
their original locations to corresponding locations in the new 
area. 

Bit Rate- The speed at which data bits are transmitted over 
a communication path, usually expressed in bits per second. 
A 9600 bps terminal is a 2400 baud system with 4 bits/baud. 

Black Burst - Black burst is the video waveform without the 
active video part. Black burst is used to sync video equipment 
together so that video output is aligned. Black burst tells the 
video equipment the vertical sync, horizontal sync, and the 
chroma burst information. 

Black Level - This level represents the darkest an image 
can get. This defines what black is for the particular image 
system. If for some reason the video dips below this level, 
it is referred to as blacker-than-black. You could say that sync 
is blacker-than-black. 

Blanking - On the screen, the scan line moves from the left 
edge to the right edge, jumps back to the left edge, and starts 
out all over again, on down the screen. When the scan line 
hits the right-hand limit and is about to be brought back to 
the left-hand edge, the video signal is blanked so that you 
can't "see" the return path of the scan beam from the right 
to the left-hand edge. To blank the video signal, the video level 
is brought down to the blanking level, which may or may not 
be the black level if a pedestal is used. 

Blanking Level - That level of the video waveform defined 
by the system to be where blanking occurs. This could be the 
black level if a pedestal is not used or below the black level 
if a pedestal is used. 

Blit- This is short for bit-blit, which is short for bit-boundary 
black transfer. 

Slitter - A blitter is a circuit or device that does blitting. see 
Bit-Blit. 

Blooming- This is an effect, sometimes caused when video 
becomes whiter-than-white, in which a line that is supposed 
to be nice and thin becomes fat and fuzzy on the screen. 

Breezeway - That portion of the video waveform between 
the rising edge of the horizontal sync and the start of color 
burst. 

BREEZEWAY . 
- - - - BLANK 

SYNC 
'--------'-----------·-----SYNC 

Brightness - This is the intensity of the video level and refers 
to how much light is emitted by the display. 

Burst - See color burst. 
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Burst Gate - This is a signal that tells the system where the 
color burst is located within the scan line. 

CCIR 601 - This is the recommendation developed by the 
International Radio Consultative Committee Recommenda­
tion for digitization of color video signals. The recommenda­
tion deals with four areas: 1.) the RGB to YCrCb color space 
conversion, 2.) the bandwidth limits for the digital filters, 3.) 
the sample rate (defined as 13.5 MHz), and 4.) the horizontal 
resolution (720 active pixels). 

Chroma or Chrominance- The combined color information 
in a video signal. This term is often used when referring to 
the color difference signals. 

Chroma Bandpass - In an NTSC or PAL video source the 
luminance (black and white) and the chrominance (color) in­
formation are combined together. If you want to decode an 
NTSC or PAL video signal, the luminance and chrominance 
must be separated. The chroma bandpass filter removes the 
luminance from the video signal, leaving the chrominance rel­
atively intact. This works reasonably well except in certain 
images where the luminance information and chrominance 
information overlap, meaning that we have luminance and 
chrominance stuff at the same frequency. the filter can't tell 
the difference between the two and passes everything within 
a certain area. If there is luminance in that area, it's let through 
too. This can make for a funny-looking picture. Next time 
you're watching TV and someone is wearing a herringbone 
jacket or a shirt with thin, closely spaced stripes, take a good 
look. You'll see a rainbow color effect moving through that 
area. What's happening is thatthe chroma demodulator thinks 
the luminance is chrominance. Since the luminance isn't chro­
minance, the TV can't figure out what color it is and it shows 
up as a rainbow pattern. This problem can be overcome by 
using a comb filter. 

Chroma Burst - See Color Burst. 

Chroma Demodulator - After the NTSC or PAL video 
source makes its way through the Y/C separator, by either 
the chroma bandpass, chroma trap, or comb filter method, 
the colors must be decoded. That's what a chroma demodula­
tor does. It takes the chrominance output of the Y/C separator 
and recovers two color difference signals (typically I and Q 
or U and VO. To do this, the chroma demodulator uses the 
color subcarrier. Now, with the luminance information and col­
or difference signals, the video system can figure out what 
colors to put on the screen. 

Chroma Key - This is a method of combining two video 
images. An example of chroma keying in action is the nightly 
news weatherman standing in front of a giant weather map. 
In actuality, the weatherman is standing in front of a solid, 
bright-blue background and his (or her) image is projected 
on top of the computer-iJenerated map. This is how it works: 
a TV camera is pointed at the person or object that you want 
to project on top of the artificial background (e.g., the weather 
map). The background doesn't actually have to be artificial. 
It can be another real image-it doesn't really matter. As men­
tioned, our imaginary weatherman is standing in front of a 
bright-blue background. This person and bright-blue back­
ground image is fed along with the image of the artificial back­
ground into a box. Inside the box, a decision is made. 
Wherever it sees the bright-blue background, it displays the 
artificial background. Wherever it does not see bright blue, 
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it shows the original image. So, whenever the weatherman 
moves around, he's moving around in front of the bright-blue 
background. The box figures out where he is and where he 
isn't, and displays the appropriate image. 

Chroma Trap - In an NTSC or PAL video source the lumi­
nance (black and white) and the chrominance (color) informa­
tion are combined together. If you want to decode the video 
signal, the luminance and chrominance must be separated. 
The chroma trap is s method for separating the chrominance 
from the luminance, leaving the luminance relatively intact. 
How does this work? The NTSC or PAL signal is fed to a band­
stop filter. For all practical purpose, a bandstop filter allows 
some types of information (actually certain frequencies) to 
pass through but not others. The bandstop filter is designed 
with a response, or stop, to remove the chrominance so that 
the output of the filter only contains the luminance. Another 
name for a bandstop filter is a trap. Since this trap stops chro­
minance, it's called a chroma trap. The sad part about all of 
this is that not only does the filter remove chrominance, it re­
moves luminance as well if it exists within the region where 
the stop exists. The filter only knows ranges and, depending 
on the image, the luminance information may overlap the 
chrominance information. The filter can't tell the difference be­
tween the luminance and chrominance, so it stops both when 
they are in the same range. What's the big deal? Well, you 
lose luminance and and this means that the picture is de­
graded somewhat. Using a comb filter for a Y/C separator is 
better than a chroma trap or chroma bandpass. See the chro­
ma bandpass and the Y/C separator definitions. 

Chrominance- The NTSC or PAL video signal contains two 
pieces that make up what you see on the screen: the black 
and white (luminance) part, and the color part. Chrominance 
is the color part - a.k.a. chroma. 

CIF -CIF is short for Common Interchange Format. This al­
lows computerized video images to be shared between com­
puters. An image that is digitized to CIF format has a 
resolution of 352x288 or 352x240, which is essentially one­
half of CCIR 601. 

Clamp - This is basically another name for the de-restora­
tion circuit. It can also refer to a switch used within the de-res­
toration circuit. When it means de restoration, then it's usually 
used as clamping. When it's the switch, then it's just clamp. 

Clipping Logic -A circuit used to prevent illegal conversion. 
Some colors can exist in one color space but not in another. 
Right after the conversion from one color space to another, 
a color space converter might check for illegal colors. If any 
appear, the clipping logic is used to chop off, or clip, part of 
the information until a legal color can be represented. Since 
this circuit clips off some information and is built using logic, 
it's not too hard to see how the name "clipping logic" was de­
veloped. 

CMYK - This is a color space primarily used in printing. 
CMYK is an acronym for Cyan, Magenta, Yellow, and blacK. 
The CMYK color space is subtractive, meaning that cyan, ma­
genta, yellow, and black pigments or inks are applied to a 
white surface to remove color information from the white sur­
face to create the final color. Remember, white light contains 
all of the colors of the spectrum; that's why it's used in printing. 
They deal with a white surface, or almost white. The reason 
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black is used is because even if a printer could put down hues 
of cyan, magenta, and yellow inks perfectly enough to make 
black (which it can't for large areas), it would be too expensive 
since colored inks cost more than black inks. So, when black 
has to be made, instead of putting down a lot of CMY, they 
just use black. So, what is a print term doing here? The reason 
is that a lot of color systems are being hooked up to color print­
ers. The display screen uses RGB but the printer uses CMYK. 
A color space conversion needs to be performed for true WY­
SIWYG (wizzy-wig - what you see is what you get) perfor­
mance in a color system that has a printer. 

Color Bars - This is a test pattern used to check whether 
a video system is calibrated correctly. A video system is cali­
brated correctly if the colors are the correct brightness, hue, 
and saturation. This can be checked with a vectorscope, or 
by looking at the RGB levels. 

Color Burst - That portion of the video waveform that sits 
between the breezeway and the start of active video. The col­
or burst tells the color decoder how to decode the color in­
formation contained in that line of active video. By looking at 
the color burst, the decoder can determine what's blue, 
orange, or magenta. Essentially, the decoder figures out what 
the correct color is. If you've ever seen a TV picture in which 
the colors were just not right, a reason might be that the TV 
can't find the color burst and doesn't know how to make the 
correct color. 

BREEZEWAY . 
- - - - BLANK 

SYNC 
~---~- - - - - - - - - - - - - - - - - SYNC 

Color Decoder - This is the circuit in the video system that 
uses the chrominance portion of NTSC/PAL to derive the two 
color difference signals. The color decoder sits right after the 
Y /C separator and before the color space converter. The color 
decoder needs a 3.58 MHz (NTSC) or 4.43 MHz (PAL) signal 
that is accurately phase-locked to the color burst. If it isn't 
locked well enough, then the color decoder can't figure out 
the right colors. Also called a chroma demodulator. 

Color Demodulator - See Color Decoder and Chroma De­
modulator. 

Color Difference -All of the color spaces used in color video 
require three components. These might be RGB, YIQ, YUV, 
or Y(R-Y)(B-Y). In the Y(R-Y)(B-Y) color space, the R-Y 
and B-Y components are often referred to as color difference 
signals for obvious reasons. They are made by subtracting 
the luminance (Y) from the red and blue components. I and 
Q and U and V are also color difference signals since they 
are scaled versions of R-Y and B-Y. All the Ys in each of the 
YIQ, YUV, and Y(R-Y)(B-Y) are basically the same. 

Color Encoder- The color encoder does the exact opposite 
of the color decoder. It takes the two color difference signals, 
such as I and Q or U and V, and combines them into the chro­
minance signal. The color encoder, or what may be referred 
to as the color modulator, uses the color subcarrier to do the 
encoding. 

Color Modulator - Take a look at the color encoder defini­
tion. 
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Color Key - This is essentially the same thing as chroma 
key. 

Color Killer-A color killer is a circuit that shuts off the color 
decoder in a video system if the incoming video does not con­
tain color information. How does this work? The color killer 
looks tor the color burst and if it can't find it, it shuts off the 
color decoder. For example, let's say that a color TV is going 
to receive material recorded in black and white. Since the 
black and white signal does not contain a color burst, the color 
decoder is shut off. why is a color killer used? Well, in the old 
days, the color decoder would still generate a tiny little bit of 
color if a black and white transmission was received, due to 
small errors in the color decoder, causing a black and white 
program to have faint color spots throughout the picture. 

Color Purity - This term is used to describe how close a 
color is to the theoretical. For example, in the YUV color 
space, color purity is specified as a percentage of saturation 
and ± 0, where 0 is an angle in degrees, and both quantities 
are referenced to the color of interest. the smaller the num­
bers, the closer the actual color is to the color that it's really 
supposed to be. for a studio-grade device, the saturation is 
± 2% and the hue is ± 2%. On a vectorscope, if you're in that 
range, you're studio grade. 

Color Space - A color space is a mathematical representa­
tion for a color. No matter what color space is used - RGB, 
YIQ, YUV, etc. - orange is still orange. What changes is how 
you represent orange in an imaging system. For example, the 
RGB color space is based on a Cartesian coordinate system 
and the HSI color space is based on a polar coordinate sys­
tem. 

Color Subcarrier - The color subcarrier is a clock signal 
used to run the color encoder or color decoder. For NTSC the 
frequency of the color subcarrier is 3.58 MHz and tor PAL it's 
4.43 MHz. In the color encoder, a portion of the color subcarr­
ier is used to create the color burst, while in the color decoder, 
the color burst is used to reconstruct the color subcarrier. 

Comb Filter - This is another method of performing a Y/C 
separator. A comb filter is used in place of a chroma bandpass 
or chroma trap. The comb filter provides better video quality 
since it does a better job of separating the luminance from 
chrominance. It reduces the amount of creepy-crawlies or 
zipper artifacts. It's called a comb filter because the frequency 
response looks like a comb. The important thing to remember 
is that the comb filter is a better method for Y /C separation 
than chroma bandpass or chroma trap. 

Compact Disk Interactive (CD--i) - This a dedicated box 
similar to any other consumer audio or video equipment, as 
opposed to a PC with special designed hardware. CD-i uses 
a proprietary image and audio compression scheme, that will 
support JPEG and MPEG in the future. 

Comparator - This is a circuit or functional block that is a 
basic component of flash ADCs. A comparator has two inputs, 
X and Y, along with one output, which we will call Z. The 
comparator implements the following mathematical function: 

If A - B > 0, then Z = 1 
If A - B < 0, then z = 0 
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What does this mean? A comparator "compares" A to B. If 
A is larger than B, the output of the comparator is a 1 . If A is 
smaller the B, then the output is a 0. If A=B, the output Z may 
be undefined and oscillate between 1 and O wildly until that 
condition is removed, it may be a 1, or it may be a 0. It de­
pends on how the comparator was designed. 

Composite Video (NTSC or PAL) - The most commonly 
available video source. The three primary signals, the red, the 
green, and the blue (RGB}, are encoded into one signal. This 
signal carries all horizontal and vertical timing information as 
well as the video information. The video information is en­
coded as three components within the composite video sig­
nal. A color reference signal called the color burst is 
transmitted on the back porch of the horizontal blanking pulse. 
the luminance signal is present during the video display period 
of the composite video signal. The two color difference signals 
are used to quadrature modulate a 3.579545 MHz subcarrier. 
The subcarrier frequency is suppressed to prevent distortion, 
and the subcarrier information is transmitted by the color 
burst. What remains during the video display interval (about 
50 µs per line), is the luminance information and the color dif­
ference information in the form of upper and lower sidebands 
of the quadrature suppressed carrier. All video cassette re­
corders, laser disk players, and cameras, as well as some 
television receivers, provide composite video output. Picture 
quality is roughly equal to that of television, about 300 lines 
resolution in the horizontal direction. 

Compression Ratio - Compression ratio is a number used 
to tell how much information is squeezed out of an image 
when it has been compressed. For example, suppose we start 
with a 1 Mbyte image and compress it down to 128 Kbytes. 
The compression ratio would be: 

1,048,576 = 8 
131,072=1 

This represents a compression ratio of 8: 1; 1 /8 of the origi­
nal amount of storage is now required. For a given compres­
sion technique - MPEG, tor example - the higher the 
compression ratio, the worse the image looks. This has noth­
ing to do with which compression method is better, tor exam­
ple JPEG vs. MPEG. Rather, it depends on the application. A 
video stream that is compressed using MPEG at 100:1 may 
look better than the same video stream compressed to 100:1 
using JPEG. 

Contouring - This is an image artifact caused by not having 
enough bits to represent the image. The reason the effect is 
called contouring is because the image develops lines that 
look like a geographical contour map. In a black-and-white 
imaging system, contouring may be noticed a 6 bits per pixel 
or less, while in a color system it may be 18 bits per pixel or 
less. 

Contrast - A video term referring to how far the whitest 
whites are from the blackest blacks in a video waveform. If 
the peak white is far away from the peak black, the image is 
said to have high contrast. With high contrast, the image is 
very stark and very "contrasty," like a black-and-white tile 
floor. If the two are very close to each other, the image is said 
to have poor, or low, contrast. With poor contrast, an image 
may be referred to as being "washed out" - you can't tell the 
difference between white and black, and the image looks gray. 
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Creepy-Crawlies - Yes, this is a real video term! Creepy­
crawlies refers to a specific image artifact that is a result of 
the NTSC system. When the nightly news is on, and a little 
box containing a picture appears over the anchorperson's 
shoulder, or when some computer-generated text shows up 
on top of the video clip being shown, get up close to the TV 
and check it out. Along the edges of the box, or along the 
edges of the text, you'll notice some jaggies "rolling" up (could 
be down) the picture. that's the creepy-crawlies. Some 
people refer to this as zipper because it looks like one. 

01 - This is a storage and tape format standard for very 
high-end digital video tape decks, although commonly used 
to refer to the CCIR 601 digital video format. D1 video tape 
decks use digital component video (CCIR 601) for getting digi­
tal video into and out of the tape deck. 

02, 03 - These are storage and tape format standards for 
medium-to high-end digital video tape decks, although com­
monly used to refer to the digital composite video format. D2 
and D3 video tape decks use digital composite video for get­
ting digital video into and out of the tape deck. 

D/A (digital-to-analog) converter (DAC) - A converter that 
represents a limited number of different digital input codes by 
a corresponding number of discrete analog output values. 

Data Compression - A technique that provides for the 
transmission of fewer data bits than originally required without 
information loss. The receiving location expands the received 
data bits into the original bit sequence. 

dB (decibel) - A power or voltage measurement unit, re­
ferred to another power or voltage. It is generally computed 
as: 

10 x log (P1/P2) for power measurements, and 

20 x log (V1N2) for voltage measurements. 

OCT - This short for Discrete Cosine Transform, used in 
image compression algorithms such as JPEG and MPEG. An 
image is viewed in the frequency domain rather than the time 
domain. 

Decimation -When a video waveform is digitized so the 100 
pixels are produced, but only every other one is stored or 
used, the video waveform is decimated by a factor of 2:1. The 
image is now 1/4 of its original size, since 3/4 of the data is 
missing. If only one out of five pixels were used, then the 
image would be decimated by a factor of 5: 1, and the image 
would be 1/25 its original size. decimation, then, is quick­
and-easy method for image scaling and is in fact the method 
used by low-cost systems that scale video into a window. 

Decimation can be performed in several ways. One way is 
the method just described, where data is literally thrown 
away. even though this technique is easy to implement and 
cheap to build, it generally introduces image artifacts unac­
ceptable to medium-to high-end customers. another meth­
od is to use a decimation filter. This reduces the image 
artifacts to an acceptable level by smoothing them out, but is 
more costly to implement than the method of just throwing 
data away. 

Decimation Filter - Since you probably read the preceding 
definition of decimation, this one should be easy. a decimation 
filter is a filter designed to provide decimation without the arti-
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facts associated with throwing data away (the method of 
throwing data away is the example described in the decima­
tion definition). 

Decoding - A process in which one of a set of reconstructed 
analog samples is generated from the digital character signal 
representing a sample. 

Demodulator - In video, demodulation is the technique 
used to recover the color difference signals in NTSC or PAL 
systems. See the definitions for chroma demodulator and col­
or decoder; those are two other names for a demodulator 
used in a video application. 

Differential Gain - Differential gain is how much the color 
saturation changes when the luminance level changes (it isn't 
supposed to). The result on the screen will be incorrect color 
saturation. For a video system, the betterthe differential gain­
that is, the smaller the number specified-the better the system 
is at figuring out the correct color. 

Differential Phase- Differential phase is how much the hue 
changes when the luminance level changes (it isn't supposed 
to). The result on the screen will be incorrect colors. For a 
video system, the better the differential phase-that is, the 
smaller the number specified-the better the system is at fig­
uring out the correct color. 

Digital Component Video - Digital video using separate 
color components, such as YCrCb or RGB. See CCIR 601. 
Sometimes incorrectly referred to as D1. 

Digital Composite Video -Digital video that is essentially 
the digitized waveform of composite NTSC or PAL video sig­
nals, with specific digital values assigned to the sync, blank, 
and white levels. Sometimes incorrectly referred to as D2 or 
D3. 

Digital Video Interactive (DVI)- DVI is a multimedia system 
being marketed by Intel. It is not just an image-compression 
scheme, but includes everything that is necessary to imple­
ment a multimedia playback station. Intel's DVI offering is rep­
resented by chips, boards, and software. DVI currently uses 
a proprietary image and audio compression scheme, with 
JPEG and MPEG being supported in the future. 

Discrete Cosine Transform (OCT) - A DCT is just another 
way to represent an image. Instead of looking at it in the time 
domain-which, by the way, is how we normally do it-it is 
viewed in the frequency domain. It's analogous to color 
spaces, where the color is still the color but is represented 
differently. Same thing applies here-the image is still the 
image, but it is represented in a different way. 

Why do JPEG and MPEG base part of their compression 
schemes on the DCT? Because it is more efficient to repre­
sent an image that way. In the same way that the YCrCb col­
or space is more efficient than RGB in representing an 
image, the DCT is more efficient at image representation. 

Discrete Time Oscillator {OTO) -A discrete time oscillator 
is a digital version of the voltage-controlled oscillator. 

Double Buffering-As the name implies, you need two buff­
ers-for video, this means two frame buffers. While one of 
the butlers is being displayed, the other butler is operated on 
by a filter, for example. When the filter is finished, the buffer 
that was just operated on is displayed while the first buffer 
is now operated on. This goes back and forth. Since the buffer 
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that contains the correct image (already operated on) is al­
ways displayed, the viewer does not see the operation being 
performed and just sees a perfect image all the time. 

Distortion - The failure to reproduce an original signal's 
amplitude, phase, delay, etc. characteristics accurately. 

Encoder (PCM) - A device that performs repeated sam­
pling, compression, and AID conversion to change an analog 
signal to a serial stream of PCM samples representing the 
analog signal. 

Equalization Pulses - These are two groups of pulses, one 
that occurs before the serrated vertical sync and another 
group that occurs after. These pulses happen at twice the nor­
mal horizontal scan rate. They exist to ensure correct 2: 1 in­
terlacing in early televisions. 

Fade - Fading is a method of switching from one video 
source to another. Nex1 time you watch a TV program (or a 
movie), pay ex1ra attention when the scene is about to end 
and go on to another. The scene fades to black, then a fade 
from black to another scene occurs. Fading between scenes 
without going to black is called a dissolve. One way to do a 
fade is to use an alpha mixer. 

Field - One half of a complete television picture or frame 
composed of alternate scan lines. Even fields are composed 
of lines 2, 4, 6, etc., and the odd fields are composed of lines 
1, 3, 5, etc. The field frequency is the same as the vertical 
scan rate. This method of interlacing fields to produce the tele­
vision picture was implemented to obtain a display of mini­
mum flicker without overtaxing the technology of the day. 

Filter- In general, a filter is used to remove unwanted mate­
rial from a signal. If you have some high frequencies, such 
as noise, in with the signal that you really want, then a lowpass 
filter is used. a lowpass filter "passes" frequencies below a 
certain point and stops frequencies above that same point. 
A highpass filter does just the opposite-it stops low frequen­
cies and passes the high frequencies. A bandpass filter lets 
through frequencies within a certain range or band, but stops 
frequencies outside of the band. 

Finite Impulse Response (FIR) Filter-This definition won't 
teach you how to design one of these, but will at least get you 
the basic information. An FIR filter is a type of digital filter. Fl Rs 
can be any type, such as lowpass, highpass or bandpass. Dig­
ital filters in general are much better than analog filters. Some­
times the only way to design a very high-quality filter is with 
an FIR-it would be impossible to design using analog compo­
nents. An FIR filter is very, very good, it's digital, and it's some­
what expensive to build. 

Flash AID - A really fast method for digitizing something. 
the signal to be digitized is provided as the source for one 
input of a whole bank of comparators. The other input is tied 
to a tap of a resistor ladder, with each comparator tied to its 
own tap. This way, when the input voltage is somewhere be­
tween the top and bottom voltages connected to the ladder, 
the comparators output a thermometer code. This means that 
all the comparators output a "yes" up to the input voltage and 
a "no" above that. The ADC then takes this string of yes's and 
no's and converts them into a binary number which tells where 
the yes's turned into no's. See the definition of resistor ladder 
for more details, if you're interested. 
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Flicker - Flicker occurs when the refresh rate of the video 
is too low. It's the same effect produced by an old fluorescent 
light fixture. in order for flicker to disappear, the update rate, 
or the video frame rate, must be at least 24 scene changes 
(frames) per second. This is fast enough so that the eyeball 
can't keep up with the individual frames. The two problems 
with flicker are that it's distracting and tiring to the eyes. 

Frame - A frame of video is essentially one picture or "still" 
out of a video stream. in NTSC, a frame of video is made up 
of 525 individual scan lines. For PAL and SECAM, it's 625 
scan lines. If you get up close to you TV screen, you'll be able 
to see the individual lines that make up the picture. After 525 
lines are painted on the screen the next frame appears; then 
after that one, the next, and so on. By playing these individual 
frames fast enough, it looks like people are "moving" on the 
screen. It's the same principle as flip cards, cartoons, and 
movies. 

Frame Buffer - A frame buffer is a big bunch of memory, 
used to hold the image for the display. How much memory 
are we talking about? well, let's assume a horizontal resolu­
tion of 640 pixels and 480 scan lines, and we'll use the RGB 
color space. This works out to be: 

640 x 480 x 3 = 921,600 bytes or 900 Kbytes 
So, 900 Kbytes are needed to store one frame of video at 

that resolution. 

Frame Rate - The frame rate of a video source is how fast 
the source repaints the screen with a new frame. For example, 
with the NTSC system, the screen is repainted once every 
30th of a second for a frame rate of 30 frames per second. 
For PAL, the frame rate is 25 frames per second. For some 
computer and workstation displays, the frame rate can reach 
70 to 75 frames per second. 

Frame Rate Conversion - Frame rate conversion is the act 
of converting one frame rate to another. One real example 
that poses a difficult problem is that the frame rate of NTSC, 
30 frames per second, is different from a typical computer's 
display, which may be anywhere from 70 to 75 frames per se­
cond (or Hz if you prefer). Therefore, some frame-rate con­
version process must be performed before NTSC video can 
be shown correctly on a computer display. Without frame. rate 
conversion, the screen might look as if it "stalls" every now 
and then. If there is motion within the video, the objects that 
are moving might appear cut in half. 

Front Porch - The video waveform area that is between the 
start of horizontal blank and the falling edge (start of) horizon­
tal sync. 

Gain - The change in signal amplitude (increase or de­
crease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive num­
ber, and a decrease is a negative number. 

Gain Tracking Error - The variation of gain from a constant 
level (determined at 0 dBm input level) when measuring the 
dependence of gain on signal level by comparing the output 
signal to the input signal over a range of input signals. 

Gamma - The characteristics of the displays using phos­
phors (as well as some cameras) are nonlinear. A small 
change in voltage when the voltage level is low produces a 
change in the output display brightness level, but this same 
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small change in voltage at a high voltage level will not produce 
the same magnitude of change in the brightness output. This 
effect, or actually the difference between what you should 
have and what you actually measured, is known as gamma. 

Gamma Correction - Computers like to number crunch on 
linear RGB data. Before being displayed, this linear RGB data 
must be processed (gamma corrected} to compensate for the 
gamma of the display. 

Genlock - The video signal that provides all the necessary 
information for a decoder to reconstruct a picture. Included 
are brightness, color, and also timing information. To properly 
decode the video signal, the decoder must be "gen locked" to 
the video signal. The decoder looks at the color burst of the 
video signal and reconstructs the original color subcarrier that 
was used by the encoder. This is needed to properly decode 
the color information. The decoder also generates a pixel 
clock (done by looking atthe sync information within the video 
signal) that was the same as the pixel clock used by the en­
coder. The pixel clock is used to clock pixel data out of the 
decoder into a memory for display or into another circuit for 
processing. the circuitry within the decoder that does all of 
this work is called the genlock circuit. Although it sounds sim­
ple, the genlock circuit must be able to handle very bad video 
sources, such as the output of VCRs. In reality, the genlock 
circuit is the most complex section of a video decoder. 

Gray Scale - The term gray scale has several meanings. 
In some instances it means the luminance component of the 
NTSC, PAL, or SECAM signals. In other cases it means a 
black-and-white video signal. 

H.261 - The video compression standard that was devel­
oped for video teleconferencing. This standard will allow one 
videophone to "talk" to another videophone, much like two 
FAX machines are able to "talk" to one another. 

Hi--8 - Hi-B is a videotape format that uses an Bmm wide 
tape. It provides better image quality than VHS. 

High-Definition Television (HDTV) - This term describes 
several advanced standards proposals to allow high-resolu­
tion TV to be received in the home. 

Horizontal Scan Rate - This is how fast the scanning beam 
in a display or a camera is swept from side to side. in the NTSC 
system this rate is 63.556 ms, or 15. 734 kHz. that means the 
scanning beam in you home TV moves from side to side 
15,734 times a second. 

Horizontal Sync - This is the portion of the composite video 
signal that tells the receiver where to place the image in the 
left-to--right dimension. The horizontal sync pulse tells the re­
ceiving system where the beginning of the new scan line is. 
Check to see if you TV at home has a horizontal hold control. 
If it does, give it a twist and observe what happens. When 
the picture rolls around like that, it's demonstrating what the 
picture would look like if there weren't any horizontal sync, 
or if the receiver couldn't find it. 

HSI - HSI stands for hue, saturation, and intensity. It is a 
coior space used to represent images. HSI is based on polar 
coordinates, while the RGB color space is based on a three­
dimensional Cartesian coordinate system. The intensity, anal­
ogous to luminance, is their vertical axis of the polar system. 
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The hue is the angle and the saturation is the distance out 
from the axis. HSI is more intuitive to manipulate colors as 
opposed to the RGB space. For example, in the HSI space, 
if you want to change red to pink, you decrease the saturation. 
In the RGB space, what would you do? My point exactly. In 
the HSI space, if you wanted to change the color from purple 
to green, you would adjust the hue. Take a guess what you 
would have to do in the RGB space. However, the key thing 
to remember, as with all color spaces, is that it's just a way 
to represent a color-nothing more, nothing less. 

HSL- This is similar to HSI, except that HSL stands for hue, 
saturation and lightness. 

HSYNC - Check out the horizontal sync definition. 

HSV - This is similar to HSI, exceptthat HSV stands for hue, 
saturation and value. 

Hue - In technical terms, hue refers to the wavelength of 
the color. That means that hue is the term used for the base 
color-red, green, yellow, etc. Hue is completely separate 
from the intensity of the saturation of the color. For example, 
a red hue could look brown at low saturation, bright red at a 
higher level of saturation, or pink at a high brightness level. 
All three "colors" have the same hue. 

Huffman Coding- Huffman coding is a method of data com­
pression. It doesn't matter what the data is-it could be image 
data, audio data, or whatever. It just so happens that Huffman 
coding is one of the techniques used in JPEG and MPEG to 
help with the compression. This is how it works. First, take 
a look at the data that needs to be compressed and create 
a table that lists how many times each piece of unique data 
occurs. now assign a very small code word to the piece of 
data that occurs next most frequently. This continues until all 
of the unique pieces of data are assigned unique code words 
of varying lengths. The idea is that data that occurs most fre­
quently is assigned a small code word, and data that really 
occurs is assigned a long code word, resulting in spacer sav­
ings. 

Hypermedia -·- Since the term multimedia is slightly over­
used, some people use the term hypermedia instead. Essen­
tially, hypermedia is just another name for multimedia and will 
soon be overused, to be replaced with something else. 

12c - A two wire communication port and protocol often are 
used to reduce the number of required interface pins. any 
amount of information can flow through the interface, and is 
limited only by the internal complexity of the devices. 12c ports 
are ideal for control signals because of their relatively slow 
speed. 

Illegal Video-Some colors that exist in the RGB color space 
can't bed represented in the video domain. For example, 
100% saturated red in the RGB space {which is the red color 
on full strength and the blue and green colors turned off) can't 
exist in the NTSC video signal, due to color bandwidth limita­
tions. The NTSC encoder must be able to determine that an 
illegal color is being generated and stop that from occurring, 
since it may cause over-saturation and blooming. 

Image Buffer - For all practical purposes, an image buffer 
is the same as a frame buffer. An image is acquired by the 
computer and stored in the image buffer. Once it is in the 
image buffer, it can typically be annotated with text or graphics 
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or manipulated in some way, just like anything else in a frame 
buffer. 

Image Compression - Image compression is used to re­
duce the amount of memory required to store an image. For 
example, an image that has a resolution of 640x480 and is 
in the RGB color space a 8 bits per color, requiring 900 Kbytes 
of storage. If this image can be compressed at a compression 
ratio of 20: 1, then the amount of storage required is only 45 
Kbytes. There are several methods of image compression, 
butthe most popular will be JPEG and MPEG as they become 
the accepted standards. H.261 is the image compression 
standard to be used by video telephones. 

Improved Definition Television (IDTV)- IDTV (also catted 
enhanced definition television or EDTV) is different from 
HDTV. IDTV is a system that improves the display of NTSC 
or PAL systems by adding processing in the receiver; stan­
dard NTSC or PAL signals are transmitted. HDTV is a radical 
departure from NTSC or PAL. Some people think IDTV is just 
a stepping stone to HDTV, while others think that if IDTV is 
good enough, HDTV will not be required. 

Input Level - For flash ADCs, the input level is the voltage 
range required of the input video for proper operation of the 
part. For example, if the required input level for an 8--bit ADC 
is 0 to 1 O V, then an input voltage level of 0 V is assigned the 
code 0 and an input voltage of 1 O V is assigned the code 255. 
It is important that the voltage range of the input signal 
matches that of the ADC. Let's take a case where the voltage 
range of the signal is 0 V to 5 V and the ADCs input rage is 
O V to 1 O V. When the input level is O V, the output of the ADC 
will be the number 0, and when the input signal is at its maxi­
mum of 5 V, the output of the ADC will be 127. In this example, 
one-half of the ADC is wasted because the numbers 128 
through 255 can't be generated since the input level of the 
source never gets high enough. The problem exists in the oth­
er direction also. let's take and example where the input volt­
age level has the rage of 0 V to 1 O V, but the input rage of 
the ADC is only O V to 5 V. When the input level is O V, the 
output of the ADC will be the number 0, but when the input 
signal is in the range of 5 V to 10 V, the output of the ADC 
will be stuck at 255, since the input is outside of the range 
for the ADC. 

Intensity - This is the same thing as brightness. 

Interlaced - An interlaced raster system is one where two 
(in general-It could be more, but we'll stick with two) inter­
leaved fields are used to scan out one video frame. Therefore, 
the number of lines in a field are one-half of the number of 
tines in a frame. In NTSC, there are 262.5 lines per field (525 
lines per frame) while there are 312.5 lines per field in PAL. 
The two fields are interlaced, which means that all of the odd­
numbered lines are contained in one field, while the other field 
is made up of all the even-numbered lines. In NTSC, PAL and 
SECAM, every other scan line belongs to the same field. Each 
field is drawn on the screen consecutively-first one field, 
then the other. 

Why did the creators of video decide to go with an inter­
laced system? It has to do with frame rate. A large TV screen 
that was updated at 30 frames per second would flicker, 
meaning that the image would begin to fade away before the 
next one was drawn on the screen. By using two fields, each 
containing one-half of the information that makes up the 
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frame and each field being drawn on the screen consecutive­
ly, the field update rate is 60 fields per second. At This update 
rate, the eye blends everything together into a smooth, con­
tinuous motion. 

§ 0 0 j 

Interlace: field 1 (lines 1, 3, 5, 7) is 
scanned, then field 2 (lines 0, 2, 4, 6). 

Intermodulation - The modulation of the components of a 
complex wave by each other (in a nonlinear system). 

Intermodulation Distortion - An analog line impairment 
when two frequencies interact to create an erroneous fre­
quency, in turn distorting the data signal representation. 

Interpolation - Interpolation is a mathematical way of re­
generating missing or needed information. Let's say that an 
image needs to be scaled up by a factor of two, from 100 pixels 
to 200 pixels. We can do this by interpolation. The missing 
pixels are generated by interpolating between the two pixels 
that are on either side of the pixel that needs to be generated. 
After all of the "missing" pixels have been interpolated-pres­
to!-200 pixels exist where only 100 existed before, and the 
image is twice as big as it used to be. there are many methods 
on interpolation; the method described here is an example 
of simple averaging. 

JPEG-JPEG stands for joint picture experts group. howev­
er, what people usually mean when they use the term •JPEG" 
is the image compression standard developed by an interna­
tional body. JPEG was developed to compress still images, 
such as photographs, a single video frame, something 
scanned into the computer, and so forth. You can run JPEG 
at any speed that the application requires. For a still picture 
database such as mugshots, the algorithm doesn't have to 
be too fast. If you run JPEG fast enough, though, you can 
compress motion video-which means that JPEG would have 
to run at 30 frames per second. You might want to do this if 
you were designing a video editing or authoring platform. 
Now, JPEG running at 30 frames per second is not as efficient 
as MPEG running at 30 frames per second because MPEG 
was designed to take advantage of certain aspects of motion 
video. So in a video editing platform, you would have to trade 
off the tower bit rate (high compression) of MPEG with the 
ability to do frame-by-frame edits in JPEG (but not in MPEG). 
Both standard have their place in an image compression strat­
egy and both standards will probably exist in a box simulta­
neously. 

Line Store - A line store is a memory buffer used to hold 
one line of video. If the horizontal resolution of the screen is 
640 pixels and RGB is used as the color space, the tine store 
would have to be 640 locations tong by 3 bytes wide. This 
amounts to one location for each pixel and each color plane. 
Line stores are typically used in filtering algorithms. For exam-
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pie, a comb filter is made up of two or more line stores. The 
DCT used in the JPEG and MPEG compression algorithms 
could use eight line stores since processing is done on blocks 
of 8x8 pixels. 

Linearity- Linearity is a basic measurement of how well an 
ADC or DAC is performing. Linearity is typically measured by 
making the ADC or DAC represent a diagonal line. The actual 
output of the device is compared to what is the ideal output. 
The difference between the actual diagonal line and the ideal 
line is a measure of the linearity. The smaller the number, the 
better. Linearity is typically specified as a range or percentage 
of LSBs (least significant bits). 

Locked - When a PLL is accurately producing horizontal 
syncs that are precisely lined up with the horizontal syncs of 
the incoming video source, the PLL is said to be "locked". 
When a PLL is locked, the PLL is stable and there is minimum 
jitter in the generated pixel clock. 

Loop Fiiter - A loop filter is used in a PLL design to smooth 
out tiny bumps in the output of the phase comparator that 
might drive the loop out of lock. The loop filter helps to deter­
mine how well the loop locks, how long it takes to lock and 
how easy it is to knock the loop out of lock. 

Lossless- Lossless is a term used with image compression. 
Lossless image compression is when the decompressed 
image is exactly the same as the original image. It's lossless 
because you haven't lost anything. 

Lossy - Lossy image compression is the exact opposite of 
lossless. The regenerated image is different from the original 
image. The differences may or may not be noticeable, but if 
the two images are not identical, the compression was lossy. 

Luma or Luminance - This is the brightness information 
in a video signal. As mentioned in the definition of chromi­
nance, the NTSC and PAL video systems use a signal that 
has two pieces: the black and white part, and the color part. 
The black and white part is the luminance. It was the lumi­
nance component that allowed color TV broadcasts to be re­
ceived by black and white TVs and still remain viewable. 

LSB/MSB - Least Significant Bit, and Most Significant Bit 
designate the low and high value bits in a binary word, respec­
tively. 

Media Engine-This is the CPU or DSP processor that coor­
dinates all of the video and audio activities in a multimedia 
platform. The media engine is used to coordinate the audio 
with the video, control multiple video inputs, and control the 
compression and decompression hardware. The media en­
gine is most likely not the host CPU-e.g., not the 80486 pro­
cessor on the PC motherboard. 

MCU - Microcomputer Unit (also MicroController Unit). 

Modulator-A modulator is basically a circuit that combines 
two different signals in such a way that they can be pulled 
apart late. What does this have to do with video? Let's take 
the NTSC system as an example, although the example ap­
plies equally as well to PAL. The NTSC system uses the YIQ 
color space, withe the I and Q signals containing all of the 
color information forthe picture. Two 3.58 MHz color subcarr­
ier (90° out of phase) are modulated by the I and Q compo-
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nents and added together to create the chrominance part of 
the NTSC video. 

Moire - This is a type of image artifact. A moire pattern is 
typically generated when two different frequencies beat to­
gether to create a new, unwanted frequency. 

Monochrome-A monochrome signal is a video source hav­
ing only one component. Although usually meant to be the 
luminance (or black-and-white) video signal, the red video 
signal coming into the back of a computer display is mono­
chrome because it only has one component. 

Monotonic - This is a term that is used to describe ADCs 
and DA Cs. An ADC or DAC is said to be monotonic if for every 
increase in input signal, the output increases also. The output 
should not decrease. Any ADC or DAC that is nonmonoton­
ic-meaning that the output does decrease for an increase 
in input-is bad! Nobody wants a nonmonotonic ADC or DAC. 

Motion Estimation - Motion estimation is trying to figure out 
where an object has moved from one video frame to another. 
Why would you want to do that? Well, let's take an example 
of a video source showing a ball flying through the air. The 
background is a solid color that is different from the color of 
the ball. In one video frame the ball is at one location and in 
the next video frame the ball has moved up and to the right 
by some amount. Now let's assume that the video camera 
has just sent the first video frame of the series. Now, instead 
of sending the second frame, wouldn't it be more efficient to 
send only the position of the ball? Nothing else moves, so only 
two little numbers would have to be sent instead of 900 Kbytes 
(the amount of storage required for a whole frame of video). 
This is the essence of motion estimation. By the way, motion 
estimation is an integral part of MPEG. 

MPEG - MPEG stands for Moving Picture Experts Group. 
This is an ISO (International Standards Organization) body 
that is developing compression algorithms for motion video. 
MPEG differs from JPEG in that MPEG takes advantage of 
the redundancy on a frame-to-frame basis of a motion video 
sequence, where JPEG does not. 

Multimedia - Where does one start? This term has been 
so overused, mistreated, and so hyped up that it's lost all of 
its meaning. Multimedia was originally meant to describe a 
system that uses text, graphics, still pictures, video, and audio 
an interactive way to provide information. With this definition, 
a video game is not multimedia because it does not provide 
information, even though it is highly interactive. Video editing, 
even though it is interactive and deals with audio and video, 
is not multimedia because video editing is creating informa­
tion, not supplying it. A good example of multimedia is an elec­
tronic encyclopedia. A student sits down at a computer, 
browses through a list of entries, and selects the one that is 
needed. A text passage is displayed on the screen along with 
a picture (the picture could be graphic based or a still or mov­
ing image). After reading for a while, the student clicks on the 
headphone icon to listen to an audio segment, which may con­
tain a speech delivered by the person who is being re­
searched. A click on a different icon produces a video clip 
showing this political leader in action at the last rally. All of 
the aspects described in the example are required for true 
multimedia. Accept no substitutes. 

MPU - MicroProcessor Unit. 
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Noise - Any random fleck that shows up in the display. The 
noise may also be referred to as snow, flecks, blips, hash. 

Noninterlaced - This is a method of scanning out a video 
display that is the total opposite of interlaced. All of the lines 
in the frame are scanned out sequentially, one right after the 
other. The term "field" does not apply in a noninterlaced sys­
tem. Another term for a noninterlaced system is progressive 
scan. 

NTSC - Color television signals in the United States and 
some other countries are encoded according to the National 
Television System Committee's (NTSC) specifications. Al­
though NTSC is, strictly speaking, a composite standard, a 
Y/C signal may possess NTSC scan rate properties. 

PAL - The western European broadcast standard gets its 
name from the encoding scheme: Phase Alternation Line 
(PAL). Besides offering more scan lines (625 versus 525 for 
NTSC), the PAL system was designed to correct color decod­
ing errors and to provide more uniform color reproduction. 

Pass-band Filter - A filter used in communication systems 
that allows only the frequencies within a communication chan­
nel to pass, and rejects all frequencies outside the channel. 

Pedestal - Pedestal is an offset used to separate the active 
video from the blanking level. When a video system uses a 
pedestal, the black level is above the blanking level by a small 
amount. When a video system doesn't use a pedestal, the 
black and blanking levels are the same. NTSC uses a pedes­
tal, PAL and SECAM do not. 

Phase Adjust - This is a term used to describe a method 
of adjusting the color in an NTSC video signal. The phase of 
the color subcarrier is moved, or adjusted, relative to the color 
burst. This adjustment affects the hue of the picture. 

Phase Comparator - This is a circuit used in a PLL to tell 
how well two signals line up with each other. For example, 
let's say we have two signals, A and B, with signal A con­
nected to the positive{+) input of the phase comparator and 
signal B connected to the minus H input. If bother signals 
are exactly the same, the output of the phase comparator is 
O; they are perfectly aligned, Now, if Signal A is just a little 
bit faster than signal B, then the output of the phase compara­
tor is a 1, showing that A is faster than B. If signal A is slower 
than B, then the output of the phase comparator is a -1, desig­
nating that B is faster. Read the phase-locked loop definition 
to see how a phase comparator is used in a circuit. 

Phased-Locked Loop- A phase-locked loop (PLL) is the 
heart of any genlocked system. Very simply, a PLL is a means 
of providing a very stable pixel clock that is based or refer­
enced to some other signal. Let's say that we want to design 
a video system with a horizontal resolution of 100 pixels. Let's 
assume that, in order to get the 100 pixels across the display, 
if the horizontal sync rate were perfect, we would need a pixel 
clock of 5 MHz. If we didn't have a PLL and the horizontal 
rate were to shrink a little (the horizontal width gets smaller), 
we would get less than 100 pixels because we didn't adjust 
the pixel clock. Or, conversely, if the horizontal rate were to 
become a little longer (the image widens just a little), we would 
get more than 100 pixels. This is definitely bad news, because 
the time between horizontal syncs usually does vary just a 
tiny little bit, small enough that you may not notice ii on your 
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TV, but a computer would notice. So, from line to line, the num­
ber of pixels would change. A PLL guarantees that the same 
number of pixels appears on every line by changing the pixel 
clock frequency to match the horizontal sync rate. 

First, a voltage controlled oscillator (VCO) or voltage con­
trolled crystal oscillator (VCXO) is used and the free-running 
frequency is set to the pixel clock rate needed if the horizon­
tal rate was always to be perfect. The output of the VCO or 
VCXO is then used as the system pixel clock. This pixel 
clock is also used as the input to a circuit that takes the pixel 
clock frequency and divides it down to the horizontal sync 
frequency. So, at this point, we have a new signal whose fre­
quency is the same as the frequency of horizontal sync. This 
newly generated signal, along with horizontal sync, are in­
puts to a phase comparator. The output of the phase 
comparator tells how well the output of the clock divider lines 
up with the incoming horizontal sync. The output of the 
phase comparator is fed to a loop filter to remove tiny little 
bumps that might throw the system out of whack. The output 
of the loop filter then becomes the control voltage for the 
VCOorVCXO. 

With this arrangement, if the incoming horizontal rate is 
just a little too fast, the phase comparator generates a signal 
that is then filtered and tells the VCONCXO to speed up a 
little bit. The VCONCXO does, which then speeds up the 
pixel clock just enough to ensure that the horizontal resolu­
tion is 100 pixels. This pixel clock is divided down to the hori­
zontal sync rate and is then phase compared again. 

Pixel - A pixel, which is short for picture element, is the 
smallest division that makes up the raster scan line for com­
puters. For example, when the horizontal resolution is defined 
as 640, that means that there are 640 individual locations, or 
spots, that make up the horizontal scan line. A pixel is also 
referred to as a pel. A "square" pixel is one that has an aspect 
ratio of 1 :1, or the width is equal to the height. Square pixels 
are needed in computers so that when the software draws 
a square in the frame buffer, it looks like a square on the 
screen. If the pixels weren't square, the box would look like 
a rectangle. NTSC, PAL, and SECAM television systems use 
pixels that have a 4:3 aspect ratio. 

Pixel Clock - The pixel clock is used to divide the incoming 
horizontal line of video into pixels. this pixel clock has to be 
stable (a very small amount of jitter) relative to the incoming 
video or the picture will not be stored correctly. The higher 
the frequency of the pixel clock, the more pixels that will ap­
pear across the screen. 

Pixel Drop Out - This can be a real troublemaker, since it 
can cause image artifacts. in some instances, a pixel drop 
out looks like black spots on the screen, either stationary or 
moving around. several things can cause pixel drop out, such 
as the ADC not digitizing the video correctly. Also, the timing 
between the ADC and the frame buffer might not be correct, 
causing the wrong number to be stored in the buffer. For that 
matter, the timing anywhere in the video stream might cause 
a pixel drop out. 

PLL - See Phase-Locked Loop. 

PLL Frequency Synthesizer - Phase-locked loop frequen­
cy synthesizer. A frequency synthesizer utilizing a closed 
loop, as opposed to DDS (direct digital synthesis) which is 
not a closed loop. 
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Pseudo Color - Pseudo color is a term used to describe 
a technique that applies color, or shows color, where 1 does 
not really exist. We are all familiar with the satellite photos 
that show temperature differences across a continent or the 
multicolored cloud motion sequences on the nightly weather 
report. These are real-world examples of pseudo color. The 
color does not really exist. The computer adds the color so 
the information, such as temperature or cloud height, is view­
able. 

Px64 - This is basically the same as H.261. 

Quad Chroma - Quad chroma refers to a technique where 
the pixel clock is four times the frequency of the chroma burst. 
For NTSC this means that the pixel clock is 14.31818 MHz 
(4 x 3.57955 MHz), while for PAL the pixel clock is 17.73444 
MHz (4 x 4.43361 MHz). The reason these are popular pixel 
clock frequencies is that, depending on the method chosen, 
they make the chrominance (color) decoding easier. 

Quantizing Noise - Signal-correlated noise generally 
associated with the quantizing error introduced by AID and 
DIA conversions in digital transmission systems. 

Raster - Essentially, a raster is the series of scan lines that 
make up a TV picture or a computer's display. You may from 
time to time hear the term raster line-it's the same as scan 
line. All of the scan lines that make up a frame of video form 
a raster. 

Real Time - If a system incorporating a computer operates 
fast enough that it seems like there isn't a computer in the 
loop, then that computer system is operating in real time. How 
fast "real time" really is changes depending on who or what 
is using the system. For example, a fighter pilot flying the lat­
est computer-controlled jet moves the stick to perform a roll 
maneuver. The stick then tells a computer its position, the 
computer makes some decisions, and then it tells the flaps 
and rudder what adjustments to make to perform the move. 
Since all of this happens fast enough so that the pilot thinks 
the stick is connected directly to the flaps and rudder, the 
place is a real-time system. 

What's the definition of real time for video? Well, for NTSC 
that's 30 frames per second, with each frame made up 525 
individual scan lines. That's roughly equivalent to 30 Mbytes 
of data per second that must be processed. 

Residual Subcarrier- This is the amount of color subcarrier 
information in the color data after decoding a NTSC or PAL 
video signal. The number usually appears as-n dB. The larg­
er n is, the better. 

Resistor Ladder - A resistor ladder is a string of resistors 
used for defining voltage references. In the case of 8-bit. flash 
ADCs, the resistor ladder si made up of 256 individual resis­
tors, each having the same resistance. If a voltage represent­
ing the number 1 is attached to one end of the ladder and the 
other end is attached to 09, each junction between resistors 
is different from the other by 1/256. So, if we start at the top 
of the ladder, the value is 1. If we move down one rung, the 
value is 0.99609, the next rung's value is 0.99219, the next 
rung's is 0.98828 and son down the ladder until we reach O 
(the other end of the ladder). A resistor ladder is an important 
part of a flash ADC because each rung of the ladder, or tap, 
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is connected to on side of a comparator, in effect providing 
256 references. The definition of flash ADCs helps out here. 

Resolution - This is a basic measurement of how much in­
formation in on the scree. It is usually described as "some 
number" by "some number." The first "some number" is the 
horizontal (across the screen) resolution and the second 
some number is the vertical resolution (down the screen). The 
higher the number, the better, since that means there's more 
detail to see. Some typical examples of resolutions are: 

VHS: 330 by 220 
S-VHS: 400 by 300 
Studio Quality: 720 by 480 
Personal Computer Screen: 1024 by 768 
Workstation Computer Screen; 1280 by 1 024 

Retrace - Retrace is what the electron beam does when it 
gets to the right-hand edge of the display to get back to the 
lift-hand edge. Retrace happens during the blanking time. 

RGB - Video information separated into the three primary 
colors: red, green, and blue. The VGA graphics standard gen­
erates RGB signals for display on VGA monitors. Each color 
signal is carried on a separate wire. 

RGB:6:5 -The MC144000EVK PC Video Capture Evalua­
tion Kit uses the 5:6:5 video format (5 bits of RED, 6 bits of 
GREEN, and5bitsofBLUE). This allows a 16bitword in WIN­
DOW VIDEO STORE memory to store a single color pixel. 
This format allows excellent video rendition while minimizing 
storage needs. 

RS-170, RS-170A- RS-170 is the United States standard 
that was used for black-and-white TV, and defines voltage 
levels, blanking times, the width of the sync pulses, and so 
forth. The specification spells out everything required for a re­
ceiver to display a monochrome picture. The output of those 
little black-and-white security cameras hanging from ceilings 
conforms to the RS-170 specification. Now, RS-170A is es­
sentially the same specification, modified for color TV by ad­
ding the color components. When the NTSC decided on the 
color broadcast standard, they modified RS-170 just a tiny 
little bit so that color could be added, with the result being 
called RS-170A. This tiny little change was so small that the 
existing black-and-white TVs didn't even notice it. 

R5-343- RS-343 does the same thing as RS-170, defining 
a specification for video, but the difference is that RS-343 is 
for higher-resolution video (computers) while RE-170 is for 
lower-resolution video (TV). 

Run Length Coding - Run length coding is a type of data 
compression. Let's say that this page is wide enough to hold 
a line of 80 characters. Now, imagine a line that is almost blank 
except for a few words. It's 80 characters long, but it's just 
about all blanks-let's say 50 blanks between the words "cod­
ing" and "medium". These 50 blanks could be stored as 50 
individual codes, but that would take up 50 bytes of storage. 
An alternative would be to define a special code that said a 
string of blanks is coming and the next number is the amount 
of blanks in the string. So, using our example, we would need 
only two bytes to store the string of 50 blanks, the first special 
code byte followed by the number 50. We compressed the 
data; 50 bytes down to two. This is a compression ratio of 
25:1. Not bad, except that we only compressed one line out 
of this entire document, so we should expect that the total 
compression ratio would be much less. 
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Run length coding all by itself as applied to images is not 
as efficient as using a OCT for compression, since long runs 
of the same "number'' or series rarely exist in real-world 
images. The only advantage of run length coding over the 
OCT is that ii is easier to implement. Even though run length 
coding by itself is not efficient for compressing images, it is 
used as part of the JPEG and MPEG compression schemes. 

S-VHS - S-VHS is an enhancement to regular VHS video 
tape decks. S-VHS provides better resolution and less noise 
than VHS. S-VHS video tape decks support separate lumi­
nance (Y) and chrominance (C) video inputs and outputs, al­
though this is not required. II does, however, improve the 
quality by not having to continuously merge and then separate 
the luminance and chrominance signals. 

S-Video - Separate video, also called Y/C. 

Sampling Rate - The frequency at which the amplitude of 
an analog signal is gated into an AID circuit. The Nyquist sam­
pling theorem states that if a band-limited signal is sampled 
at regular intervals and at a rate equal to or greater than twice 
the highest frequency of interest, the sample contains all the 
information of the original signal. 

Saturation - Saturation is the amount of color present. For 
example, a lightly saturated red looks pink, while a fully satu­
rated red looks like the color of a red crayon. Saturation does 
not mean the brightness of the color, just how much "pigment" 
is used to make the color. The less "pigment," the less satu­
rated the color is, effectively adding white to the pure color. 

Scaling - Scaling is the act of changing the effective resolu­
tion of the image. For example, let's take a TV size resolution 
of 640 x 480 and display that image as a smaller picture on 
the same screen, so that multiple pictures can be shown si­
multaneously. We could scale the original image down to a 
resolution 320 x 240, which is 1/4 of the original size. Now, 
four pictures can be shown at the same time. That was an 
example of "scaling down." Scaling up is what occurs when 
a snapshot is enlarged into an 8 x 1 O glossy. There are many 
different methods for image scaling, and some "look" bitter 
than others. In general, though, the better the algorithm 
"looks," the harder or more expensive it is to implement. 

Scan Line - A scan line is an individual sweep across the 
face of the face of the display by the electron beam that makes 
the picture. An example of a scan line is what happens in a 
copier. When you press the copy button, a mirror "scans" the 
document by moving across the length of the page. Same 
concept with television-an electron beam "scans" the screen 
to produce the image on the display. It takes 525 of these scan 
lines to make up an NTSC TV picture. 

Scratch 'n Sniff Holography - An early-generation multi­
sensory multimedia apparatus exercising the auditory, olfac­
tory and visual senses. The combination of a variety of 
technologies, all or part of which continue to be used in print 
media to "bring a page to life". The three dimensional smelly 
apparatus is activated by scratching with a sharp tool such 
as the fingernail. 

SECAM - This is another TV format similar to PAL. The ma­
jor difference between the two is that in SECAM the chromi­
nance is FM modulated. 
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Serration Pulses - These are pulses that occur during the 
vertical sync interval, at twice the normal horizontal scan rate. 
The reason these exist was to ensure correct 2:1 interlacing 
in early televisions. 

Setup - Setup is the same thing as Pedestal. 

Signal-to-Distortion Ratio (S/D)-The ratio of the input sig­
nal level to the level of all components that are present when 
the input signal (usually a 1.020 kHz sinusoid) is eliminated 
from the output signal (e.g., by filtering). 

Signal-to-Noise Ratio (SNR) - Signal-to-noise ratio is the 
magnitude of the signal divided by the amount of unwanted 
stuff that is interfering with the signal (the noise). SNR is usu­
ally described in decibels, or dB, for short; the biggerthe num­
ber, the better looking the picture. 

Subsampled - Subsampled means that a signal has been 
sampled at a lower rate than some other signal in the system. 
A prime example of this is the YCrCb color space used in 
CCIR 601. For every; two luminance (Y) samples, only on Cr 
and Cb sample is taken. This means that the Cr and Cb sig­
nals are subsampled. 

Sync - Scanned video lines and video fields in both the 
NTSC and PAL standards are separated by special signals 
called "sync" signals. The horizontal sync signal occur be­
tween successive lines of video signals. The vertical sync in­
formation is conveyed during the vertical blanking interval 
(VBI). The VBI is composed of approximately 20 successive 
lines of black level information. Each line during the vertical 
sync interval is 'serrated' to produce a sync frequency twice 
that of normal. in addition, the center portion of the vertical 
sync interval is inverted to make extracting the vertical sync 
easier. 

Sync Generator- A sync generator is a circuit that provides 
sync signals. A sync generator may have genlock capability, 
or it may not. 

Sync Noise Gate - A sync noise gate is used to define an 
area within the video waveform where the sync stripper is to 
look for the sync pulse. Anything outside of this defined win­
dow will be rejected by the sync noise gate and won't be 
passed on to the sync stripper. The main purpose of the sync 
noise gate is to make sure that the output of the sync stripper 
is nice, clean, and correct. 

Sync Stripper - A composite video signal contains video 
information, which is the picture to be displayed, and timing 
(sync) information that tells the receiver where to put this vid­
eo information on the display. A sync stripper pulls out the 
sync information from the composite video signal and throws 
the rest away. 

Tessellated Sync-This is what the Europeans call serrated 
sync. See the definitions of serration pulses and composite 
sync. 

Timebase Corrector - Certain video sources have their 
sync signals screwed up. the most common of these sources 
is the VCR. A timebase corrector "heals" a video signal that 
has bad sync. (I guess you could call a time base corrector 
a "sync doctor.") This term is included because more and 
more companies making video capture cards are providing 
this function. 
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True Color- True color means that an image is represented 
using at least three color components, such as RGB or 
YCrCb. 

Vector Scope -A vector scope is used to determine the col­
or purity of a NTSC or PAL video system. If you've read the 
YIQ or YUV definitions, then you know that the I and Q (or 
U and V) components are the axis of a Cartesian coordinate 
system. The vector scope is essentially a Cartesian coordi­
nate display scope. the vector scope looks at the I and Q sig­
nals and puts a point of light where the two signals say the 
color is. On a vector scope, six little boxes correspond to the 
six colors in the standard color bar pattern: yellow, cyan, ma­
genta, green, red, and blue. If the input to the video system 
is a color bar pattern from a test generator and the output is 
displayed on a vector scope, then the accuracy of the color 
system can be checked. Each point of light that represents 
the corresponding color should be within the little box-cer­
tainly, the closer the better. If the spot makes it within the little 
box, that represents an error of less than± 2°. That means 
you can't notice the error with you eyeball. 

Vertical Scan Rate - This is the same as the frame rate. 

Vertical Sync - This is the portion of the composite video 
signal that tells the receiver where the top of the picture is. 

VGA - The most popular graphics standard on PCs and PC 
compatibles, standard VGA is 640x480 picture elements, in 
16 or 256 colors. Higher resolution and greater color depth 
is known as "Super VGA". 

Video Mixing - Video mixing is taking two independent vid­
eo sources and merging them together. 

Video Waveform - The video waveform is what the signal 
"looks" like to the receiver of TV. The video waveform is made 
up of several parts (sync, blanking, video, etc.) that are all 
required to make up a TV picture that can be accurately dis­
played. 

Voltage Controlled Crystal Oscillator (VCXO) - A VCXO 
is just like a voltage-controlled oscillator except that a VCXO 
uses a crystal to set the free-running frequency. This means 
that a VCXO is more stable than a VCO but it's also more 
expensive to implement. 

Voltage Controlled Oscillator (VCO) - A VCO is a special 
type of oscillator that changes its frequency depending on 
what the voltage is on a control pin. AVCO has what's called 
a free-running frequency which is the frequency that the oscil­
lator runs at when the control voltage is at midrange, normal 
operating condition. If the control voltage rises above mi­
drange, the VCO increases the frequency of the output clock, 
and if the control voltage falls below midrange, then the VCO 
lowers the frequency of the output clock. See the definition 
of a phase-locked loop. 

White Level- This level defines what white is forthe particu­
lar video system. 

Y/C Separator-A Y IC separator is what's used in a decoder 
to pull the luminance and chrominance apart in an NTSC or 
PAL system. This is the first thing that any NTSC or PAL re­
ceiver must do. The composite video signal is first fed to the 
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Y/C separator so that the chrominance can then be decoded 
further. 

YCrCb - YCrCb is the color space used in the CCIR601 
specification. Y is the luminance component and the Cr and 
Cb components are color difference signals. Cr and Cb are 
scaled versions of U and V in the YUV color space. 

4:2:2 YCrCb means that Y has been sampled at 13.5 MHz, 
while Cr and Cb were each sampled a 6.75 MHz.Thus, for 
every two samples of Y, there is one sample each of Cr and 
Cb. 4:1:1 YCrCb means the Y has been sampled at 13.5 
MHz, while Cr and Cb were each sampled a 3.375 MHz. 
thus, for every four samples of Y, there is one sample each of 
Cr and Cb. 2:1 :1 YCrCb means that Y has been sampled at 
6.75 MHz, while Cr and Cb were each sampled at 3.375 
MHz. Thus, for every two samples of Y, there is one sample 
each of Cr and Cb. This notation may also be used with YUV, 
YIQ, HSI, and HSV color spaces, where required. 

Y/C Video (S-VHS) - Because of the S-VHS video record­
er's popularity, the Y/C format is most commonly known as 
S-VHS. Luminance and color information is distributed as two 
separate but dependent signals. The Y, or luminance signal, 
carries the brightness and color burst information. This signal 
is compatible with monochrome television and may be used 
as-is with black and white television receivers. The C signal 
carries the color difference information. This signal is the 
quadrature sum of the two color difference signals and is not 
yet decoded. The information contained in both the Y and C 
signals must be suppled to an appropriate decoder to obtain 
the RGB color information. Picture synchronization is sup­
plied with the brightness signal. Because there is no lumi­
nance/color difference frequency interleaving as in composite 
video, there is less interference between the luminance and 
color signals; therefore, more information can be conveyed. 
Horizontal resolution is 400 lines or more, equivalent to a laser 
disk image displayed on a good quality monitor with S-VHS 
input. 

YIQ- YIQ is the color space used in the NTSC color system. 
The Y component is the black-and-white portion of the 
image. The I and Q parts are the color components; these 
are effectively nothing more than a ''watercolor wash" placed 
over the black and white, or luminance, component. 

YUV - YUV is the color space used by the PAL color system 
(it may also be used in the NTSC system). As with the YIQ 
color space, the Y is the luminance component while the U 
and V are the color components. 

Zeroing- Zeroing is what's done to the bank of comparators 
in a CMOS flash ADC to keep them honest. Without zeroing, 
the comparators would build up enough of an error that the 
output of the flash ADC would not be correct any more. To 
solve the problem, the comparators are "zeroed," or the accu­
mulated error is removed. 

Zipper - See the definition for creepy-crawlies. 

Zoom - Zoom is a type of image scaling. Zooming is making 
the picture larger so that you can see more detail. In a way, 
it's sort of like a ''video microscope", since a microscope 
makes things larger so that they are easier to see. A micro­
scope does this optically, with lenses, while video zooming 
does it mathematically. The examples described in the defini­
tion of scaling are also examples that could be used here. 
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ANSI 

EIA 

Useful Addresses 

American National Standards Institute 
11West42nd Street 
New York, NY 10036 
USA 

Electronic Industries Association 
1722 Eye Street, NW 
Suite440 
Washington, DC 20006 
USA 
Phone (Headquarters): (202) 457-4936 
Phone (Standards): (202) 457-4966 

IEEE Institute of Electrical and Electronics 
Engineers 
Headquarters: 

345 East 47th Street 
New York, NY 10017 
USA 
Phone: (212) 705-7900 

Standards Office: 
IEEE Service Center 
PO Box 1331 
Piscataway, NJ 00855 
USA 
Phone: (201) 981-0060 

SMPTE Society of Motion Picture and Television 
Engineers 
595 W. Hantsdale Ave. 
White Plains, NY 10607 
USA 
Phone: (914) 761-1100 
Fax: (914) 761-3115 
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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 
damage (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 poten­
tial. 

Static-damaged devices behave in various ways, depend­
ing on the severity of the damage. The most severely dam­
aged are the easiest to detect because the input or output has 
been completely destroyed and is either shorted to VDD. 
shorted to Vss. or open-circuited. The effect is thatthe device 
is no longer functional. Less severe cases are more difficult to 
detect because they appear as intermittent failures or de­
graded performance. Static damage can often increase leak­
age 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 VDD 
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 or 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 con­
venience, 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 
materials that are antistatic. Devices must not be in­
serted into conventional plastic "snow", styrofoam or 
plastic trays, but should be left in their original container 
until ready for use. 

Figure 1. Networks for Minimizing ESD and Reducing CMOS Latch Up Susceptibility 

TO OFF-BOARD 
CONNECTION 

Rt 

Advantage: Requires minimal board area. 

MOS 
INPUT 

OR 
OUTPUT 

Disadvantage: R1 > R2 for the same level of 
protection, therefore rise and fall 

times, propagation delays, and 
output drives are severely affected. 

VoD 

DI 

TO OFF-BOARD R2 

CONNECTION 

D2 

-= Vss 
Advantage: R2 < R1 for the same level of 

protection. Impact on ac and de 
characteristics is minimized. 

Disadvantage: More board area, higher initial cost. 

MOS 
INPUT 

OR 
OUTPUT 

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

Voo). 
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where: 

EQUATION 2 - RISE TIME VS 
SERIES RESISTANCE 

R=-'­
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 TTL 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 de­
vices, belts, or boards. Reduce static build-up by using 
ionized air blowers or room humidifiers. All parts of ma­
chines which come into contact with the top, bottom, and 
sides of IC packages must be grounded metal or other 
conductive material. 

9. Cold chambers using C02 for cooling should be 
equipped with baffles, and devices must be contained 
on or in conductive material. 

1 O. When lead-straightening or hand-soldering is neces­
sary, 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 
grounded. 

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

er immediately upon removal from the antistatic con­
tainer. 

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 di­
rected 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 mainte­
nance 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 
testing. 

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

3M 
Static Control Systems 
Building A145-3N-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 ground­

ing 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 build­
ings 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 de­

signer should be aware of it, what causes it, and how to pre­
vent 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 SCR. 
In the latch-up condition, transistors 01 and 02 are turned on, 
each providing the base current necessary for the other to re­
main 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 parasitic SCR 
is turned on by applying a voltage to the emitter of either tran­
sistor. 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 greaterthan Voo + 0.5 Vdc 
or less than -0.5 Vdc and have sufficient current to trigger the 
SCR. 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 maxi­
mum rated values, as follows: 
- 0.5 :>Vin:> Voo + 0.5 Vdc referenced to Vss 
- 0.5 :> Vout :> Voo + 0.5 Vdc referenced to Vss 
1linl:>10 mA 
I loutl :> 10 mA when transients or de 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 meth­
od of protection is to use a series resistor to limit the 
expected 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 mA (see Figure 1). 

4. Sequence power supplies so that the inputs or outputs 
of CMOS devices are not powered up first (e.g., re­
cessed edge connectors may be used in plug-in board 
applications 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 

Voo 

Voo 
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P-CHANNEL N-CHANNEL 

~ INPUT ~ 

Figure 4. Latch Up Circuit Schematic 

P-CHANNEL OUTPUT 

P-

N-SUBSTRATE RESISTANCE 

P-WELL RESISTANCE 

-= Vss 
N-CHANNEL OUTPUT 

HANDLING AND DESIGN GUIDELINES 
6-5 



HANDLING AND DESIGN GUIDELINES 
6-6 

MOTOROLA 



MOTOROLA 

Quality and Reliability 

QUALITY AND RELIABILITY 
7-1 



QUALITY AND RELIABILITY 
7-2 

MOTOROLA 



Quality In Manufacturing 
QUALITY IN DESIGN 

Motorola's quality activity starts at the product design stage. 
It is Motorola's philosophy to "design in" reliability. At all devel­
opment points of any new design reliability oriented guidelines 
are continuously used to ensure that a thoroughly reliable part 
is ultimately produced. This is demonstrated by the excellent 
in-house reliability testing results obtained for all Motorola's 
semiconductor products and, more importantly, by our nu­
merous customers. 

MATERIAL INCOMING CONTROLS 

Each vendor is supplied with a copy of the Motorola Pro­
curement Specification which must be agreed in detail be­
tween both parties before any purchasing agreement is made. 
This is followed by a vendor appraisal report whereby each 
vendor's manufacturing facility is visited by Motorola Quality 
Engineers responsible for ensuring that the vendor has a well 
organized and adequately controlled manufacturing process 
capable of supplying the high quality material required to meet 
the Motorola Incoming Inspection Specification. Large invest­
ments have and are continuously being made and Quality Im­
provement programs developed with our main suppliers 
concerning: 

Masks - Silicon - Piece-parts - Chemical products -
Industrial gas, etc. 

Each batch of material delivered to Motorola is quarantined 
at Goods-in until the Incoming Quality Organization has sub­
jected adequate samples to the incoming detailed inspection 
specification. In the case of masks, this will include mask 
inspection for: 

1. Defect Density 

2. lntermask Alignment 

3. Mask Revision 

4. Device to Device Alignment 

5. Mask Type 

Silicon will undergo the following inspections: 

1 . Type "N" or "P" 

2. Resistivity 

3. Resistivity Gradient 

4. Defects 

5. Physical Dimensions 

6. Dislocation Density 

Incoming chemicals are also controlled to very rigorous 
standards. Many are submitted to in-house chemical analysis 
where the supplier's conformance to specification is meticu­
lously checked. In many cases, line tests are performed be­
fore final acceptance. A major issue and responsibility for the 
Incoming Quality Department is to ensure that the most disci­
plined safety factors have been employed with regard to 
chemicals. Chemicals can and are often rejected because 
safety standards have not been deemed acceptable. 

MOTOROLA 

NEW PRODUCT TYPICAL DESIGN FLOW 

PACKAGE 

CIRCUIT DESIGN 

BASIC DESIGN 

DESIGN 
PATIERN LAYOUT 

PRODUCTION 

PROCESS 

INVESTIGATION 

COMMERCIAL SAMPLE 

THIS BASIC DESIGN FLOW-CHART OMITS 
SOME FEEDBACK LOOPS FOR SIMPLICITY 
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The Six Sigma Challenge 
Motorola's expressed objective is the achievement of "error 

free performance" in products and services. The high quality 
level of the product-line outputs, followed by stringent outgo­
ing quality control, readily assures this objective. But error­
free output from the product lines themselves is a matter that 
continues to demand full attention at all levels of production, 
design and administration. This far more stringent require­
ment has a two-fold goal: 

1. To further improve ultimate product reliability - experi­
ence has proved that products designed for 1 00% con­
formance to specifications are far less subject to field 
failure than products selected to a given level of perfor­
mance. 

2. To reduce waste - thereby making the end-product 
more cost competitive. 

Whether or not one-hundred percent perfection is consis­
tently achievable remains subject to conjecture. Motorola's al­
ready low reject rates, however, warrant a high level of 
confidence that the goal can be met, and milestones toward 
this objective have been firmly established. 

Six Sigma Capability - not yet zero defects, but 
99.9999998% perfection in both product and in customer 
services. 

Why Six Sigma? 

Each process attempts to reproduce its characteristics 
identically from unitto unit. lnherentin each process, however, 
there are variations in conditions and in materials that are 
uncontrollable and unalterable. In all cases, therefore, the 
unit-to-unit output characteristics vary somewhat from the 
ideal (design target). 

The performance of a product is determined by how much 
margin exists between the design specifications and the actu­
al value of that specification. For some processes, such as 
those using real-time feedback to control the output, the varia­
tions can be quite small; for others they may be quite large. 
Many of the parametric data of a given specification tend to fol­
low the normal distribution curve shown in Figure 1 . 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal deviation, defined as 
process width, is ± 3 Sigma about the mean, representing a 
yield of 99.73%. But is± 3 Sigma good enough as an overall 
specification? Statistically, with a± 3 sigma deviation, approxi­
mately 2700 parts per million still fall outside acceptable per­
formance limits. Clearly, for a product to be built virtually defect 
free it must be designed with a component yield that is signifi­
cantly better than ± 3 Sigma. 

LSL SPECIFICATION RANGE USL 

0.001 ppm 

~ 
1350 ppm 

~ 
1350 ppm 

/ 
0.001 ppm 

/ 

± 6cr 

Figure 1. Standard distribution curve illustrates the Three Sigma and Six Sigma Parametric Conformance. 
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LOWER SPEC 
LIMIT 

NORMAL DISTRIBUTION 
CENTERED 

UPPER 
SPEC LIMIT 

-6cr -5cr -4cr -3cr -2cr -1 cr x 10" 20" 30" 40" 50" 60" 

SPEC LIMIT PERCENT DEFECTIVE PPM 
± 1 SIGMA 68.27 317300 
± 2SIGMA 95.45 45500 
± 3SIGMA 99.73 2700 
± 4SIGMA 99.9937 63 
± 5SIGMA 99.999943 0.57 
± 6SIGMA 99.9999998 0.002 

Figure 2. With a Centered Distribution Between Six­
Sigma Limits Only TWo Devices Per Billion Fail to Meet 

the Specification Target. 

The Six Sigma Latitude 

Product yield is a factor of two variables: Process width and 
design width. If a process is adequately controlled so that its 
output is± 3 Sigma, and if the product is so well designed that 
± 3 Sigma deviations still place the products well within the 
specified design limits, then the overall yield is increased. 

The table in Figure 2 shows that a design which can accept 
twice the normal ± 3 Sigma variation of the process (design 
width=± 6 Sigma) will have a product yield of 99.9999998%, 
corresponding to 2.0 defective parts per billion. Even if the pro­
cess mean were to shift by as much as ± 1.5 Sigma from the 
center of the distribution, the process would be expected to 
have no more than 3.4 parts per million defective. 

MOTOROLA 

LOWER 
SPEC 
LIMIT 

NORMAL DISTRIBUTION 
SHIFTED 1.5 cr 

UPPER 
SPEC 
LIMIT 

-60" -5cr -4cr -3cr -2cr -1 cr x 10" 20" 30" 40" 50" 60" 

SPEC LIMIT PERCENT DEFECTIVE PPM 
± 1 SIGMA 30.23 697700 
± 2SIGMA 69.13 308700 
± 3SIGMA 93.32 66810 
± 4SIGMA 99.3790 6210 
± 5SIGMA 99.97670 233 
± 6SIGMA 99.999660 3.4 

Figure 3. Effects of a 1.5 Sigma Shift Where Only 3.4 
ppm Fail to Meet Specification. 

The Motorola SPC Program 
• Purpose • Objective • Scope 

The Purpose of this program is to establish a standard ap­
proach toward continued process improvement through sta­
tistical process control. 

Its Objective is to maintain all critical processes under tight 
statistical control in order to enhance quality and reduce scrap 
through identification of process variation, and through the 
reduction of these variations by means of real time corrective 
action. It is expected to establish the cultural environment and 
the organizational support required to achieve the Six-Sigma 
goal. 

Its Scope encompasses a total quality improvement effort, 
involving design, manufacturing and management of all 
Motorola product groups and their suppliers as well as their 
support departments and vendors. It provides for the estab­
lishment of SPC teams and ensures adequate training. It 
serves as a liaison between teams in order to standardize and 
unify the approach to continuous quality improvement. 

QUALITY AND RELIABILITY 
7-5 

• 



Continuous Improvement 

4.Action 
•Correction to 

Implementation 
•Permanency to 

Improvement 
•Standardization 
•Customer Research 
•Bench Mark 
•Redesign 

3. Check 
•Measure Improvement 
•Assess Effectiveness 
•Review Projects 

1. Plan 
•Goals and Targets 
•Success Parameter 

Identify Key Opportun~ies 
Identify Key Processes 

•Improvement Plan 
•Select Projecl{Team 

2. Do 
•Education and Training 
•Implement 

Key Factors for Success 

• Management Leadership 
Top Down 
Committed 
Active 

• Clear and Agreed-On Goals 
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• Breakthrough Thinking 
• Projectrreamwork 
• Training 
• Reinforcing Successes 
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Verification of Statistical Process Control 
Statistical process control programs have two specific func­

tions: 

1. as a monitor, to verify that a specific process is under 
control, or to indicate that a process is not in control 
based on interpretation of control-chart abnormalities or 
other indications; 

2. as a quality improvement tool, for the purpose of improv­
ing process capability. 

In either case, documentation must be available that per­
mits the utilization, verification and interpretation of process 
control data, or if necessary, to implement new programs for 
process improvement. 

Evidence of Process Capability 

Capability indices must be established tor each critical pro­
cess and there must be evidence that the upper and lower 
specification limits are realistic and not arbitrary. The present 
goal is Cp ::> 2.0 and Cpk :;> 1.5. 

Evidence of a process capability study must be on tile. De­
pending on the level of sophistication, the study may include 
a factorial experiment, a nested variance study, summation of 
the results and recommendation for further action. The selec­
tion of critical process points must be justified. 

Measurement System Capability 

Results of measurement system capability study must be 
on file. Precision,to-Tolerance (P!T) ratio should be less than 
0.10. 

Process Control Specifications 

Process specifications must include procedures to be fol­
lowed in the event of a process requiring corrective action. 

Operator Training 

The operators are normally the first to see the control charts. 
Incorrect interpretation will cause unnecessary and time con­
suming investigations or delay needed studies. Consequently, 
operator training is a vital function and documented operator 
certification must be on file. 

Control Chart Accuracy and Visibility 

Control charts must be current and readily available. They 
shall be maintained by the production operators and upper 
and lower control limits must be calculated according to histor­
ical data. 

Control Chart Tracking 

Control charts must be tracked continuously. All out-of-con­
trol points must be highlighted and the appropriate corrective 
action described either on the chart or in a companion log. The 
objective is to view the trend, not simply to obtain a snapshot­
in-time. 

Supplier/Customer Relationships 
Customers have no desire to control a supplier's process. 

Nor are they interested in the confidential details of a sup­
plier's processes. They only want assurance (data} that a sup­
plier has an ongoing program that supports an overall 
statistical process control plan. Primarily, Motorola's cus­
tomers are interested in a supplier's statistical control of the 
critical processes, and his early warning system which keeps 
a process from becoming marginal. Most importantly, they are 
interested in what is being done for continuous improvement. 

What We Offer Our Customers 

It has been adequately demonstrated that a well monitored 
and controlled manufacturing process with minimum varia­
tions will produce a better, more useful and more reliable prod­
uct at a reduced cost. In many instances, customer 
satisfaction now hinges not so much on a product's ability to 
meet specifications as on a manufacturer's ability to control 
his processes as evidenced by reduced variability. This is 
used as an indicator of both product quality and projected 
costs. Motorola provides detailed data and inferential statis­
tics that allow customers to make decisions about the product 
they buy. In many instances, we provide a customer access 
to our computer data banks in order to improve communica­
tions and reduce turnaround time for product approval. 

MOTOROLA 

What We Expect From Our Suppliers 

Improved quality of incoming material is crucial to success 
in achieving our Six Sigma goals. In order to accomplish this 
goal, we feel it necessary to reduce the number of suppliers 
and to work closely with those remaining as partners to 
resolve quality issues. 

It is the responsibility of Motorola Supplier Quality Control 
to ensure that all suppliers maintain an adequate system of 
process and material controls which provides for prevention 
(as opposed to detection) of defects in their manufacturing 
processes. This includes, but is not limited to, the following: 

• General plan for continuous improvement 

• Detailed product flow 

• Process control plan 

• Equipment and process capability studies 

• Measurement system capability studies 

• Specific action plan for out-of-control conditions 

• Evidence of statistical process control 
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Motorola's Reliability and Quality Monitor Philosophy 
In order to guarantee that the high standards of reliability 

and quality required by the Motorola continue throughout the 
entire production lifetime of each product family, an ongoing 
Reliability Monitor/Audit Program is established. 

Individual product and package family monitors are devel­
oped by identifying the appropriate device(s) for each process 
family (in most cases the same device used to qualify a 
process/product/package family). Once identified, the appro­
priate stress test programs are put in place to monitor the on­
going process average of the specific family. This process 
average measurement. is made by understanding the reli­
ability and quality results of individual samples. The stresses 
and sampling used vary according to the product technologies 
used and the unique requirements of the customer base. In all 
cases the monitors have been defined so as to quantify the 
progress being made toward sector goals of six sigma quality 
and significant reduction in infant mortality, and long term fail­
ure rates. 

Monitor testing is completed on an ongoing cycle with test 
results made available quarterly. These reports detail all test 
results received for the previous quarter, outlining the reli­
ability data associated with all process/package family types. 

With all of these data, an effective ongoing monitor is estab­
lished which is capable of identifying reliability trends asso­
ciated with all process/product/package families. 

For a complete description, order document BR518/D. 

Reliability Stress Tests 

The following summary gives brief descriptions of the vari­
ous reliability tests included in a reliability monitor program. 
Not all of the tests listed are performed by each product group 
and other tests can be performed when appropriate. In addi­
tion some form of preconditioning may be used in conjunction 
with the following tests. 

HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms which are ther­
mally activated through the application of extreme tempera­
tures and the use of biased operating conditions. The 
temperature and voltage conditions used in the stress will vary 
with the product being stressed. However, the typical stress 
ambient is 125°C, with the bias applied equal to orgreaterthan 
the data sheet nominal value. All devices used in the HTOL 
test are sampled directly after final electrical test with no prior 
burn-in or other prescreening unless called out in the normal 
production flow. Testing can either be performed with dynamic 
signals applied to the device or in static bias configuration for 
a typical test duration of 1008 hours. 

TEMPERATURE CYCLE 

Temperature cycle accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the 
minimum and maximum temperatures being - 65°C and 
+ 150°C. During temperature cycle testing, devices are 
inserted into a cycling system and held at the cold dwell 
temperature for at least ten minutes. Following this cold dwell, 
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the devices are heated to the hot dwell where they remain for 
another ten minute time period. The system employs a circu­
lating air environment to assure rapid stabilization at the speci­
fied temperature. The dwell at each extreme, plus the two 
transition times of five minutes each (one up to the hot dwell 
temperature, another down to the cold dwell temperature), 
constitute one cycle. Test duration forth is test will vary with de­
vice and packaging system employed. Typical test duration is 
for 1000 cycles with some tests extended to look for longer 
term effects. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing- to emphasize the differences 
in expansion coefficients of the packaging system. However, 
thermal shock provides additional stress in that the device is 
exposed to a sudden change in temperature due to the trans­
fer time of ten seconds maximum as well as the increased 
thermal conductivity of a liquid ambient. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with minimum 
and maximum temperatures being - 65°C to + 150°C. De­
vices are placed in a fluorocarbon bath and cooled to minimum 
specified temperature. After being held in the cold chamber for 
five minutes minimum, the devices are transferred to an adja­
cent chamber filled with fluorocarbon at the maximum speci­
fied temperature for an equivalent time. Two five-minute 
dwells plus two ten-second transitions constitute one cycle. 
Test duration is for normally 1000 cycles with some tests being 
extended to look for longer term effects. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H3TRB) is an environ­
mental test performed at a temperature of 85°C and a relative 
humidity of 85%. The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metalization. Most 
groups are tested to 1008 hours, with some groups extended 
beyond to look for longer term effects. 

AUTOCLAVE 

Autoclave is an environmental test that measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test 
include 121°C, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. Typical test durations 
are 48 and 96 hours. This test may be followed by HTOL or 
HTRB for 24 to 48 hours to further accelerate the corrosion 
failure mechanism. 

HAST/PTHB (PRESSURE­
TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. This test 
detects similar failure mechanisms as THB, but at a greatly 
accelerated rate. Conditions usually employed during this test 
are a temperature of 121°C or greater, pressure of 15 psig or 
greater, humidity of 100% (PTHB) or humidity of 85% (HAST), 
and a bias level that is the nominal rating of the device. 
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CYCLED TEMPERATURE HUMIDITY BIAS 

This test is used to examine devices ability to withstand the 
combined effects of temperature cycling, high humidity, and 
voltage (test can be run without bias). This test differs from a 
typical humidity test in its use of temperature cycling. A typical 
test condition used is as follows: humidity = 90 to 98%, tem­
perature cycle of 25°C to 65°C, and bias applied= nominal de­
vice rating. This test is usually run for 1008 hours. 

POWER TEMPERATURE CYCLING 

This test is performed on semiconductor devices to deter­
mine the effects of alternate exposures to extremes of high 
and low temperature with operating voltages periodically 
applied and removed. A typical test condition used is as 
follows: temperature cycle range = - 40°C to 125°C, bias 
applied = nominal device rating, and power cycling rate = 5.0 
minutes (ON)/5 minutes (OFF). This test is usually run for 
1000 cycles. 

POWER CYCLING 

This test is performed at a constant ambient temperature 
with operating voltage(s) periodically applied and removed, 
producing a <l T JA, typically between 50°C and 150°C. Ambi­
ent temperatures range between 25°C and 150°C. A typical 
test condition used is as follows: ambient temperature 25°C, 
<l T JA = 125°C with nominal bias, power "ON" 5.0 minutes and 
"OFP' 5.0 minutes. This test is usually run for at least 504 
hours. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate HCI (hot car­
rier injection) effects in semiconductor devices by exposing 
them to room ambient or colder temperatures with the use of 
biased operating conditions. Threshold shifts or parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

WRITE/ERASE CYCLING OF EEPROMs 

This test is employed to evaluate the effects of repeated 
programming and erasing excursions on EEPROM devices 
without corruption of data. This write/erase cycling will usually 
be performed at an elevated operating temperature for greater 
than 10,000 cycles. 

HIGH TEMPERATURE STORAGE/DATA RETENTION 

High temperature storage is performed to measure the 
stability of semiconductor devices, including the data reten­
tion characteristics of EPROM and EEPROM devices, during 
storage at elevated temperatures with no electrical stress 
applied. The devices are typically exposed to an ambient of 
150°C. An acceleration of charge loss from the storage cell or 
threshold changes are the expected results. All groups are 
typically tested to 1008 hours. 
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SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This 
stress is performed on a system level basis. The system is 
operated for millions of device hours to obtain an accurate 
measure of actual system soft error performance. This test is 
performed on memory devices only. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the ability of the device 
to withstand a sudden change in mechanical stress typically 
due to abrupt changes in motion as seen in handling, trans­
portation, or actual use. A typical test condition would be as 
follows: acceleration = 1500 g, orientation = Y1 plane, t = 
0.5 ms, and number of pulse = 5. 

VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the ability of the device 
to withstand deterioration due to mechanical resonance. A 
typical test condition is: peak acceleration = 20 g, frequency 
range = 20 Hz to 20 kHz, and t = 48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to indicate structural or mechanical 
weaknesses in a device/packaging system by applying a se­
vere mechanical stress. A typical test condition used is as fol­
lows: stress level = 30 kg, orientation = Y1 plane, and t = 1 
minute. 

SOLDER HEAT 

This test is used to examine the device's ability to withstand 
the temperatures seen in soldering over a more extended peri­
od as compared to the typical exposure levels seen in a pro­
duction process. Electrical testing is the endpoint criterion for 
this stress. 

LEAD INTEGRITY 

This test is typically performed per MIL-STD-883 or 
Ml L-STD-750 and is used to examine the mechanical proper­
ties of a device's leads, welds, and seals. Various conditions 
can be employed and provide for: tensile loading, bending 
stresses, torque or twist, and peel stress. The failure is deter­
mined visually under 3X to 10X magnification. 

SALT ATMOSPHERE 

This test is performed per MIL-STD-883 or MIL-STD-750 
and is used to evaluate the corrosive effects of a seacoast type 
atmosphere on device and package elements. A failure is de­
termined visually under 10X to 20X magnification. 
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Mechanical Data 

The 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. 

---------------- 8-PIN PACKAGES ----------------

NOTE2 

SEA~:~~ 
PLANE I l~~~K 

PLASTIC PACKAGE 
CASE626-05 

Hf+.+G 
'""l$,.l 0=-o.-1a-(o-.oo-s)"""'®,.I r'"l-A""""®~l~e-®~I 

I 
B 

0 _l 
IV u u VI 
~ 

[j!j.100(0.004!1fDJL-IG1-

SOGPACKAGE 
CASE 904--01 

s 
1$1 0.200 (o.ooe)®lrl z@I v®I 

1$1 0.200 (0.008)® IT I y ® I z ® I 
VIEWA 
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NOTES: 
1. DIMENSION L TOCENTEROFIEADWHEN 

FORMED PARALLEL 
2. PACKAGE CONTOUR OPTIONAL {ROUND OR 

SQUARE CORNERS). 
3. DIMENSIONING AND TOLERANCING PER ANSI 

Y145M, 1982. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.40 10.16 0.370 0.400 
B 6.10 aso 0.240 0.260 
c 3.94 4.45 0.155 0.175 
D 0.38 n51 0.015 0.020 
F 1.02 1.78 0.040 no10 
G 2.54BSC 0.100BSC 
H 0.76 1.27 0.030 0.050 
J 0.20 0.30 0.006 0.012 
K 2.92I a4s 0.115~ 
L 7.62BSC 0.300BSC 
M - 111" - 10° 
N 0.76 1.01 0.030 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
3. DIMENSIONS A AND B DO NOT INCWDE MOLD 

PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.150 (0.006) PER SIDE. 

DIM 
A 
B 
c 
D 
G 
H 
J 
K 
Q 

s 
x 

MIWMETERS INCHES 
MIN IMAX MIN} MAX 

5.100 5.450 0.201} 0.214 
5.100 5.400 0.201 0.216 

- 2.050 - 0.060 
0.350 0.500 0.014 0.001 

1.270BSC O.OSOBSC 
0.050 0.200 0.002 0.007 
o.1B0Io.210 0.008 0.010 
o.soo I o.650 0.0201 0.033 

ooI 100 o• I 10• 
1.400 I 8.200 0.2112} 0.322 

1.260REF 0.0496 REF 
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16-PIN PACKAGES ----------------

~ 

PLASTIC PACKAGE 
CASE648-08 
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SOIC PACKAGE 
CASE 751 B-05 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

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

FORMED PARAllEL 
4. DIMENSION B DOES NOT INCWDE MOLD FLASH. 
5. ROUNDED CORNERS OPTIONAL 

INCHES MIWMETERS 
DIM MIN MAX MIN MAX 
A 0.740 0.770 18.80 19.55 
B 0.250 0.270 6.35 6.85 
c 0.145 0.175 3.69 4.44 
D 0.015 0.021 0.38 !!£ 
F 0.040 0.70 1.02 1.77 
G 0.100BSC 2.54BSC 
H O.OSOBSC 1.27BSC 
J 0.008 0.015 0.21 0.38 
K 0.110 0.130 2.80 3.30 
L 0.295 0.305 7.50 7.74 
M oo 10° oo 10° 
s 0.020 0.040 0.51 1.01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

V14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
3. DIMENSIONS A AND B DO NOTINCWDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 {0.008) 

PER SIDE. 
5. DIMENSION D DOES NOT INCWDE DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONOffiON. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.80 10.00 0.386 0.393 
B 3.90 4.00 0.150 0.157 
c 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 LQ,016 0.049 
G 127~ O.OSOBSC 
J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M oo 70 oo 70 
p 5.60 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 
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PLASTIC PACKAGE 
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18-PIN PACKAGES 

PLASTIC PACKAGE 
CASE 707-02 

NOTES: 
1. DIMENSIONING AND TOLERANCING PEA 

ANSI Y14.5M, 1982. 
CONTROLLING DIMENSION: MIWMITTR. 
DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (O.G06) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAA PROTRUSION SHALL BE 0.13 
(0.005) TOTAL IN EXCESS OF D DIMENSION 
AT MAXIMUM MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.15 10.45 0.40 0.411 
B 7.40 7.60 0.29 0.299 
c 2.35 2.65 0.09 0.104 
D 0.35 0.49 0.01 0.019 
F 0.50 0.9-0 0.02 0.035 
G 1.27BSC O.OSOBSC 
J 0.25 0.32 o.oTI[ 0.012 
K 0.10 0.25 0.004 0.009 
M O" 7° O" 7" 
p 10.05 10.55 0.3~0.415 
R 0.25 0.75 0.0.!.Qf_ 0.029 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (DJ, 

SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM 
MATERIAL CONDITION, IN RElATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARAULEL 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 

INCHES 
MIN MAX MIN MAX 
22.22 23.24 0.875 0.915 
6.10 6.60 0.240 0.260 
3.56 4.57 0.140 0.180 
0.36 0.56 0.014 0.022 
1.27 1.78 0.050 0.070 
2.54 BSC 0.100BSC 

1.02 1.52 0.040 0.060 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 

7.62BSC 0.300 BSC 
O" 15° O" 15° 

0.51 1.02 0.020 0.040 

MECHANICAL DATA 
8-5 



---------------- 24-PIN PACKAGES ----------------

JLD24PL 
rl-$-~lo.-01-0(-0.2-~~@=-r--lr~l-A=®~l-e~®~I 

~~~ 
SEATING _J I T:: 
PLANE I+-G 22 PL K 

SOG PACKAGE 
CASE 751 E-04 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCWDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 

(0.000) PER SIDE. 
5. DIMENSION D DOES NOT INCWDE 

DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 
(0.005) TOTAL IN EXCESS OF D 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX ::iiJN ][AX 

A 15.25 15.54 0.601 0.612 
B 7.40 7.60 0.292 0.299 
c 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 0.019 
F 0.41 0.90 0.016 0.035 
G 1.27BSC 0.050BSC 
J 0.23 0.32 0.009 0.013 

I 0.13 0.29 0.005 0.011 
M o• 8' o• 8' 
p 10.05 10.55 o.ssrr 0.415 
R 0.25 0.75 0.01[[ 0.029 

--------------- 28-PIN PACKAGES ---------------

MECHANICAL DATA 
8-6 

PLASTIC PACKAGE 
CASE710-02 

NOTES: 
1. POSmONAL TOLERANCE OF LEADS (D), 

SHALL BE WITHIN 0.25mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

~ DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL 

3. DIMENSION B DOES NOT INCWDE 
MOLD FLASH 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 38.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
c 3.94 5.08 0.155 0.200 
D 0.38 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G ~54BSC 0.100BSC 
H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 ::!135 
L 15.24BSC 0.600BSC 
M O' 5 ~ 15° 
N 0.51 1.02 0.020 0.040 

MOTOROLA 



--------------- 32-PIN PACKAGES 

t 
c 

@ 
SEATING 
PLANE 

* 

MOTOROLA 

QUAD FLAT PACK (QFP) 
CASE873-01 

--L--•1 

• 0.20 (0.008) @ C A-8@ D @ 
i. 0.05 (0.002) A-8 

s 
l•lo.20(0.000) ® lttl A-B® Io® I 

S' N" 
~g 
e. e. 
C> 

~ ~ 

•-1 

@ 
0 

@ 
CD 

J: 
:I: 

v 
® 
iO 
C> 
'=? e. 
C> 

~ 

• d-f p 

t.LB-.-0-1 
DETAIL A 

BASE METAL F 

N 

l•lo.20(0.oosi@lclA-B®l o@I 

SECTION B·B 

x 
DETAILC 

NOlES: 
1. OIMENSIONING AND TDLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
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 -A·, -8- AND -D- TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS SAND V TO BE DETERMINED AT 
SEATING PLANE .C·. 

6. DIMENSIONS AAND B DO NOTINCWDE MOLO 
PROTRUSION. AU.OWABLE PROTRUSION IS 0.25 
(0.010) PER SIDE. OIMENSIONS A AND B DO 
INCWDE MOLD MISMATCH AND ARE DETERMINED 
AT DATUM PLANE -H-. 

7. DIMENSION D DOES NOT INCWDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR PROTRUSION 
SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL CONDmON. 
DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT 

VIEW ROTATED 90° CLOCKWISE 

DIM 
A 
8 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
p 
Q 

R 
s 
T 
u 
v 
x 

MIWMETERS INCHES 
MIN MAX MIN MAX 
6.95 7.10 0.274 0.280 
6.95 7.10 0.274 0.280 
1.40 1.60 0.055 0.083 

0.273 0.373 0.010 0.015 
1.30 1.50 O.OS1 0.059 

0.273 -

IJ 0.808SC c 
- 0.20 008 

0.119 0.197 008 
0.33 0.57 022 

5.6REF EF 
so ao 0 

0.119 0.135 0.005 0.005 
0.40BSC 0.0168SC 

50 111" 50 10° 
0.15 0.25 0.006 0.010 
6.95 9.15 0.348 0.360 
0.15 0.25 0.006 0.010 
50 110 50 11° 

8.95 9.15 0.348 0.360 
1.0REF 0.039REF 

MECHANICAL DATA 
8-7 



--------------- 44-PIN PACKAGES ---------------

PLCC PACKAGE 
CASE 777-02 

D 

D 

44 

-----A---__,-$- 0.007(0.180)@ 

1----R----1.......,-$- 0.007(0.180)@ 

MECHANICAL DATA 
8-8 

NOlES: 

0 0.004 (0.100) 
·T· SEATING 

PLANE 

VIEWS 

1. DAlUMS-1.-.-M·, AND -N- DETERMIN£0 
WHERE TOP OF lEAD SHOULDER EXITS 
PIASTIC BODY AT MOLD PARTING LINE. 

2. DIMG1, TRUEPDSmDNTOBEMEASUREDAT 
DATUM-T·, SEATING PlANE. 

3. DIM RAND UDO NOT INCLUDE MOLD FlASH. 
ALLOWABLE MOLD FIASH IS (0.010) Q.25 
PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

5. CONTROWNG DIMENSION: INCH. 
8. THE PACKAGE TOP MAY BE SMAULER THAN 

THE PACKAGE BOTTOM BY UP TO 0.012 
(0.300). DIMENSIONS RAND U ARE 
DETERMINED AT THE OUTERMOST EXTREMES 
OF THE PIASTIC BODY EXCWSl\IE OF MOLD 
FlASH, TIE BAR BURRS, GATE BUARS AND 
INTEllLEAD FIASH, BUT INCWDING ANY 
MISMATCH BElWEEN THE TOP AND BOTTOM 
OF THE PIASTIC BODY. 

7. DIMENSION H DOES NOT INCi.UDE DAMBAR 
PROTRUSION OR INTRUSION. THE DAMBAR 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION 10 BE GREATER THAN 0.037 
(0.940). THE DAMBAR INTRUSION(S) SHALL 
NOT CAUSE THE H DIMENSION 10 BE 
SMAULER THAN 0.025 (0.635). 

e l-$-I o.00110.1ao1 ® lrl L-M® IN® I 
u l-$-I 0.001(0.180) ® lrl L-M® I N®I 

z 

x 
VIEWD-0 

01 l-$-I 0.010(0.250) ® lrl L-M® I N®I 

N@ 

1 

K 

~ 1-Fl-$-I o.001(0.1so) ® lrl L-M®lN®I 
VIEWS 

DIM _!!!!!... 

0.695 Ii ~ !-;[ 0.695 17.65 
c 0.185 0.180 ~ 4.57 
E 0.090 0.110 2.29 2.79 
F 0.013 0.019 0.33 0.48 
G ~050BSC 1.27BSC 
H 0.026 0.032 0.86 0.81 
J 0.020 0.51 
K 0.025 0.84 
R 0.650 0.658 16.51 16.66 

.!. 0.650 0.658 16.51 16.66 
v 0.042 ~048 1.07 1.21 
w 0.042 0.048 1.07 1.21 

+ 0.042 0.058 1.07 1.42 
0.020 0.50 

z 2" 10° 20 10" 
G1 0.610 ~ 15.50 16.00 

..!! 0.040 1.02 

MOTOROLA 



DETAILC 

MOTOROLA 

44-PIN PACKAGES 

QUAD FLAT PACKAGE (QFP) 
CASE 824A--01 

l~o.20 (o.ooa) ®lei A-B® I o ®I 

SECTION B-B 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

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

tEAD AND IS COINCIDENT WITH THE LEAD WHERE 
TliE LEAD EXITS TliE PLASTIC BODY AT THE 
BOTIOM OF THE PARTING LINE. 

4. DATUMS ·A·, -8- AND.().. TO BE DETERMINED AT 
DATUM PLANE -H·. 

5. DIMENSIONS SANO V TO BE DETERMINED AT 
SEATING PLANE .C-. 

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

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR 
PROTRUSION. AU.OWABLE DAMBAR PROTRUSION 
SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXJMUM MATERIAL CONDITTON. 
DAMBAR CANNOT BE LOCATED ON TliE LOWER 
RADIUS OR TliE FOOI 

DIM 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
Q 

R 
s 
T 
u 
v 
w 
x 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
9.90 10.10 0.390 0.398 
9.90 10.10 0390 0.398 
2.10 2.'15 0.083 0.096 
0.30 0.45 0.012 0.018 
2.00 2.10 0.079 0.083 
0.30 0.40 0.012 0.016 

O.SOBSC 0.031 BSC 
- 0.25 - 0.010 

0.13 0.23 0.005 0.009 
0.65 0.95 0.026 0.037 
8.00REF 0.315REF 

50 10" 50 10° 
0.13 0.17 0.005 0.007 
oo 70 oo 70 

0.13 0.30 0.005 0.012 
12.95 13.45 0.510 0.530 
0.13 - 0.005 -
oo - oo -

12.95 13.45 0.510 0.530 
0.40 - 0.016 -

1.6REF 0.063REF 

MECHANICAL DATA 
8-9 



48-PIN PACKAGES ---------------

QUAD FLAT PACKAGE (QFP) 
CASE 898--01 

DETAIL A 

-$- 0.200 (0.008) ® C A-B@ D @ 
J_ 0.050 (0.002) A-B 

14------s--------i 

v 

@) 
Cl 

< 
@) 
c 
::c 

@ 

~ 
0 e. 
0 
0 

"' 0 

-$-
DETAIL A 

l-'1710.200 (0.008) ®IHI A-B® I D ®I l-'171 0.200 (0.008) ® I H I A-B ® I D ® I 

MECHANICAL DATA 
8-10 

DETAIL B 

SECTION B-B 

NOTES: 
1. DIMENSIONING AND TOL.ERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
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 BOTIOM OF THE PARTING LINE. 

4. DATUMS -A-, -8- AND -D- TO BE DETERMINED 
AT DATUM PLANE ·H·. 

5. DIMENSIONS SAND V TO BE DETERMINED AT 
SEATING PLANE .C·. 

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

7. DIMENSION D DOES NOT INCWDE DAMBAR 
PROTRUSION. DAMBAR PROTRUSION SHALL 
NOT CAUSE THE D DIMENSION TO EXCEED 
0.48(0.019). 

ROTATED 90° 

MILLIMETERS 
DIM MIN MAX 
A 11.90 12.10 

• 11.90 12.10 
c 2.05 2.55 
D 0.20 0.40 
E 2.00 2.30 
G O.BOBSC 
H 0.00 0.30 
J o.1o::I 0.20 
K oss..I 1.os 
L 8.SOB~ 
M 13°AEF 
p 0.40BSC 

..JI.. oo 70 
R _QJ.a. ....m 

1 ~ 5.70 
1~ 

~ 0.65REF 
1.60REF 

J_ 5°AEF 

INCHES 
MIN MAX 

0.469 0.476 
0.469 0.476 
0.026 0.041 
0.081 0.100 
0.079 0.091 

0.031 BSC 
0.000 0.011 
0.005 0.008 
0.026 0.041 
0.346~ 
13°AEF 

0.016BSC 
oo 70 

0.006 .J!Jll1 

• 
MOTOROLA 



---------------- 52-PIN PACKAGES ----------------

~ L_ 

c 

MOTOROLA 

QUAD FLAT PACKAGE (QFP) 
CASE 8488-04 

---L----

$ 0.20 (0.008)@ H A-B ® D ® 
1 0.05 (0.002 A-B 

i--------~v-------~ 

1'1710.20 (0.008) ® lcl A-B® I o ®I 

@) 
Cl 

@) 
cc 
<i: 
:I: v cc 
@<i: 

~~ 
~e. 
~ 

:g 
ci 

$~ 

@) 
Cl 

@) 
cc 
<i: 
(.) 

® 
~ e. 
0 
~ 

$ 

DETAIL A 

N 

BASE METAL 

1'1710.02 (0.008) ®le I A-B ®I o ®I 
SECTION B·B 

DETAILC 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANS! 

Y14.SM, 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 -A-, -B-AND -D· TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS SAND V TO BE DETERMINED AT 
SEATING PLANE -C-. 

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

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

DIM 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
Q 

R 
s 
T 
u 
v 
w 
x 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
9.90 10.10 0.390 0.398 
9.90 10.10 0.390 0.396 
2.10 2.45 0.083 0.096 
0.22 0.38 0.009 0.015 
2.00 2.10 0.079 0.083 
0.22 0.33 0.009 0.013 

0.65BSC 0.026BSC 
- 0.25 - 0.010 

0.13 0.23 0.005 0.009 
0.65 0.95 0.026 0.037 

7.BOREF 0.307REF 
5" 10° 5" 10° 

0.13 0.17 0.005 0.007 
O" 70 O" 7" 

0.13 0.30 0.005 0.012 
12.95 13.45 0.510 0.530 
0.13 - 0.005 -
O" - O" -

12.95 13.45 0.510 0.530 
0.35 0.45 0.014 0.018 

1.6REF 0.063REF 

MECHANICAL DATA 
8-11 



---------------- 80-PIN PACKAGES----------------

QUAD FLAT PACK (QFP) 
CASE 8418-01 

A-B@ D@ 

® 
Q 

® 
"' .!: 

i+-~~~~~~~s~~~~~~~-.i 

l~I 0.20 (0.008) ® IHI A-B® I D ® I 

SEATING 
PLAHE 

DETAILC 

MECHANICAL DATA 
8-12 

u 

M 

NOTES: 
1. DIMENSIONING AND TOLERANCING PEA ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
3. DATUM PLANE ·H· IS LDCATED AT BOTTOM OF 

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

4. DATUMS -A., .S· AND ·ll- TO BE DETERMINED AT 
DATUM PLANE ·H·. 

5. DIMENSIONS SAND V TO BE DETERMINED AT 
SEATING PLANE .C·. 

6. DIMENSIONS AAND B 00 NOTINCWDE MOLD 
PROlRUSION. ALLOWABLE PROTRUSION IS 0.25 
(0.010) PEA SIDE. DIMENSIONS A AND B 00 
INCWDE MOLD MISMATCH AND ARE DETERMINED 
AT DATUM PLANE ·H-. 

7. DIMENSION D ODES NOTINCWDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR PROTRUSION 
SHALL BE 0.06 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL CONDITION. 
DAMBAR CANNOT BE LDCATED ON THE LOWER 
RADIUS OR THE FOOT. 

DETAIL A 

F 

SECTION B-B 

MIWMETERS 
DIM MIN MAX ..!!!!!. llAX 
A 13.90 14.10 0.555 
B 13.90 14.10 0.555 
c 2.15 2.45 0.084 0.096 
D 0.22 0.38 0.009 0.015 
E 2.00 2.40 0.079 0.094 
F 0.22 0.33 0.009 0.013 
G 0.65BSC 0.026BSC 
H Io.25 0.010 
J 0.13 I o.23 o.oosio.009 
K 0.65 0.95 0.026 0.037 
L 12.35 BSC 0.466BSC 

f ..!'.. ~ 50 111" 
O . .!!_ _!!:!7 ~ 0.007 

I 0.325BSC 0.013BSC 

I 70 ll" .,. 
0.13 0.30 ~ 0.012 
gs_: 7.45 0.687 0.687 
l13_ 

-°'= 
~ ~ ~ 
~ ~ 

...!. 1.6REF 0.06REF 

MOTOROLA 



--------------- 160-PIN PACKAGES---------------

yl 
121 

!: 
...I 

l1 0 180 

z 

QUAD FLAT PACK (QFP) 
CASE 1007-01 

L-----~ 

11 

41 

.. 
A-B@ D@ 

14--------s---------i 
l$I 0.2010.ooa)@IHI A-B ®I o®I 

w 

A 
Q 

A 

x 

MOTOROLA 

DETAIL A 

~~-
METAL 

SECTION AA 

l$I o.oa(o.ooa)@lcl A-B ®I o®I 

NOTES: 
1. DIMENSIONING AND TOL£RANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROWNG DIMENSION: MIWMETER. 
3. DATUM PLANE -H- IS LOCATED ATBOTTOM OF 

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

4. DATUMS-A-, -B-AND-0- TO BE DETERMINED 
AT DATUM PLANE -H-. 

5. DIMENSIONS SANO V TO BE DETERMINED AT 
SEATING PLANE -C-. 

6. DIMENSIONS A ANO B DO NOT INC WOE MOLO 
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 
(0.010) PER SIDE. DIMENSIONS A ANO B DO 
INCWOE MOLO MISMATCH ANO ARE 
DETERMINED AT DATUM PlANE-H-. 

7. DIMENSION D DOES NOT INCWDE DAMBAR 
PROTRUSION. ALLOWABLE OAMBAR 
PROTRUSION SHAU. 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 
G 
H 
J 
K 
L 
M 
N 
p 

_g_ 
R 
s 
T 
u 
v 
w 
x 
y 
z 

MIWMETERS INCHES 
MIN MAX MIN MAX 

27.BO 28.10 1.098 1.106 
27.90 28.10 1.098 1.106 
3.45 3.85 0.136 O.ill_ 
0.28 0.38 0.011 0.015 
3.20 3.56 0.126 0.140 
0.28 0.34 0.011 0.013 

0.65 BSC 0.0256BSC 
0.25 0.35 0.010 0.014 
0.11 0.18 0.0043 0.0071 
0.70 o.go 0.027 0.036 
25.35 REF 0.998 REF 
50 go 50 go 

0.11 0.14 0.0043 0.0055 
0.325BSC 0.012B BSC 
oo 70 oo 70 

0.13 0.30 0.005 0.012 
31.00 31..40 1.220 1.236 
0.13 --- 0.005 ---

oo --- oo ---
31.00 31."10 1.220 1.236 
0.40 --- 0.016 ---

1.60REF 0.063 REF 
1.325REF 0.0522REF 
1.325REF 0.0522REF 

MECHANICAL DATA 
8-13 





211/95 

MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 

AUTHORIZED NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 
ALABAMA 

Huntsville 
Arrow/Schweber Electronics 
Future Electronics ... . 
Hamilton Hallmark ......... . 
Newark ................... . 
Time Electronics ....... . 
Wyle Laboratories ...... . 

ARIZONA 
Phoenix 

(205)837-6955 
(205)830-2322 
(205)837-8700 
(205)837-9091 

1-800-789-TIME 
(205)830-1119 

Future Electronics ............ (602)968-7140 
Hamilton Hallmark . . . . . . . (602)437-1200 
Newark Electronics . . . . . . (602)864-9905 
Wyle Laboratories . . (602)437-2088 

Tempe 
Arrow/Schweber Electronics .... (602)431-0030 
lime Electronics . . . ...... 1-800-789-TIME 

CALIFORNIA 
Agoura Hills 

lime Electronics Corporate .... 1-800-789-TIME 

Belmont 
Richardson Electronics .. (415)592-9225 

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

Chatsworth 
Future Electronics .... . 
Time Electronics .. . 

Costa Mesa 

(818)865-0040 
1-800-789-TIME 

Hamilton Hallmark ........ _. (714)641-4100 

c~~~fto~i:.Y.11mark.......... (213)558-2000 

Irvine 
Arrow/Schweber Electronics 
Future Electronics ........ . 
Wyle Laboratories Corporate ... . 
Wyle Laboratories .. 

Los Angeles 
Wyle Laboratories ... 

Mountain View 

(714)587-0404 
(714)250-4141 
(714)753-9953 
(714)863-9953 

(818)880-9000 

Richardson Electronics . . . . . (415)960-6900 

Orange 
Newark ..... . 

Rocklin 
Hamilton Hallmark 

Sacramento 
Newark ......... . 
Wyle Laboratories ..... . 

San Diego 
Arrow/Schweber Electronics 
Future Electronics .. 

(714)634-8224 

(916)624-9781 

(916)721-1633 
(916)638-5282 

Hamilton Hallmark ..•......... 

(619)565-4800 
(619)625-2800 
(619)571-7540 
(619)569-9877 
(619)565-9171 

Newark ........... _ ...... . 
Wyle Laboratories ..... 

San Francisco 
Newark . . . . . . . . . . . . (415)571-5300 

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

Santa Clara 
Wyle Laboratories ... 

Sunnyvale 
Hamilton Hallmark .. . 
Time Electronics .. . 

Torrance 

(408)727-2500 

(408)435-3500 
1-800-789-TIME 

lime Electronics ... _ ........ 1-800-789-TIME 

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

West Hills 
Newark ........ _ ... . (818)888-3718 

Woodland Hills 
Hamilton Hallmark ....... . 
Richardson Electronics ... . 

(818)594-0404 
(615)594-5600 

COLORADO 
Lakewood 

Future Electronics 

Colorado Springs 
Newark .. 

Denver 
Newark. 

Englewood 

(303)232-2008 

(719)592-9494 

(303)757-3351 

Arrow/Schweber Electronics (303)799-0258 
Hamilton Hallmark ...... (303)790-1662 
lime Electronics . . . . . 1-800-789-TIME 

Thornton 
Wyle Laboratories ... 

CONNECTICUT 
Ches ire 

Future Electronics . 
Hamilton Hallmark 

Southbury 

(303)457-9953 

(203)250-0083 
(203)271-2844 

lime Electronics ........ 1-800-789-TIME 

W:~~~~~eber Electronics (203)265-7741 

Windsor 
Newark 

FLORIDA 
Altamonte Springs 

Future Electronics . 

Clearwater 
Future Electronics 

Deerfield Beach 
Arrow/Schweber Electronics 
Wyle Laboratories 

Ft. Lauderdale 
Future Electronics 
Hami~on Hallmark 
Time Electronics . 

Lake Mary 

(203)683-8860 

(407)767-8414 

(813)530-1222 

(305)429-8200 
(305)420-0500 

(305)436-4043 
(305)484-5482 

1-800-789-TIME 

Arrow/Schweber Electronics (407)333-9300 
Largo/Tampa/St. Petersburg 

Hamilton Hallmark (813)541-7440 
Newark. (813)287-1578 
Wyle Laboratories . (813)576-3004 

Orlando 
Newark . . . . . . . (407)896-8350 
lime Electronics . . . . . .... 1-800-789-TIME 

Plantation 
Newark ........... . 

Winter Park 
Hamilton Hallmark 
Richardson Electronics 

GEORGIA 
Atlanta 

Time Electronics . 
Wyle Laboratories .. 

Duluth 
Arrow/Schweber Electronics 
Hamilton Hallmark .. 

Norcross 
Future Electronics 
Newark ... 
Wyle Laboratories 

ILLINOIS 
Addison 

Wyle Laboratories .. 

Bensenville 
Hamilton Hallmark .. 

Chicago 
Newark Electronics Corp. 

Hoffman Estates 
Future Electronics . 

(305)424-4400 

(407)657-3300 
( 407)644-1453 

... 1-800-789-TIME 
(404)441-9045 

(404)497-1300 
(404)623-5475 

(404)441-7676 
(404)448-1300 
(404 )441-9045 

(708)620-0969 

(708)860-7780 

(312)784-5100 

(708)882-1255 

Itasca 
Arrow/Schweber Electronics 

La Fox 
(708)250-0500 

Richardson Electronics . . . . . . (708)208-2401 
Schaumburg 

Newark . . ....... _ ... (708)310-8980 
lime Electronics ............ 1-800-789-TIME 

INDIANA 
Indianapolis 

Arrow/Schweber Electronics 
Hamilton Hallmark .. 
Newark ......... . 
Time Electronics .. 

Ft. Wayne 
Newark ... 

IOWA 

(317)299-2071 
(317)872-8875 
(317)259-0085 

1-800-789-TIME 

(219)484-0766 

Cedar Rapids 
Newark .. . ........... (319)393-3800 
Time Electronics 

KANSAS 
Lenexa 

Arrow/Schweber Electronics 
Hamilton Hallmark 

Overland Park 
Future Electronics . 
Newark ..... 

.. 1-800-789-TIME 

(913)541-9542 
(913)888-4747 

Time Electronics ........... . 

(913)649-1531 
(913)677-0727 

1-800-789-TIME 
MARYLAND 

Beltsville 
Newark .... 

Columbia 
Arrow/Schweber Electronics 

(301 )604-1700 

Future Electronics ........... . 
(301 )596-7800 
(410)290-0600 
(410)988-9800 Hamilton Hallmark 

Time Electronics ... 
Wyle Laboratories 

MASSACHUSETTS 
Boston 

Arrow/Schweber Electronics 

Bolton 
Future Corporate .. 

Burlington 
Wyle Laboratories .. 

Methuen 
Newark ... 

Norwell 
Richardson Electronics 

Peabody 
Time Electronics . 
Hamiltion Hallmark 

MICHIGAN 
Detroit 

Newark. 

Grand Rapids 
Future Electronics 

Livonia 
Arrow/Schweber Electronics 
Future Electronics 
Hamilton Hallmark 
Time Electronics 

MINNESOTA 
Bloomington 

. .. 1-800-789-TIME 
(410)312-4844 

(617)271-9953 

. .. (508)779-3000 

(617)271-9953 

(508)683-0913 

(617)871-5162 

1-800-789-TIME 
(508)532-3701 

(313)967-0600 

. .... (616)698-6800 

(313)462-2290 
(313)261-5270 
(313)347-4020 

.. 1-800-789-TIME 

Wyle Laboratories ............. (612)853-2280 
Eden Prairie 

Arrow/Schweber Electronics 
Future Electronics ........... . 

(612)941-5280 
(612)944-2200 
(612)881-2600 Hamilton Hallmark 

Time Electronics 

Minneapolis 
Newark .... 

Earth City 
Hamilton Hallmark 

1-800-789-TIME 

... (612)331-6350 

(314)291-5350 

For changes to this information contact Technical Publications at FAX (602) 244-6561 
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AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES - continued 
MISSOURI 

St. Louis 
Arrow/Schweber Electronics . . . . (314 )567-6888 
Future Electronics 
Newark ........ . 
Time Electronics .. 

NEW JERSEY 
Cherry Hill 

Hamilton Hallmark . 
Fairfield 

Newark 
Marlton 

Arrow/Schweber Electronics 
Future Electronics . 

Pinebrook 
Arrow/Schweber Electronics 
Wyle Laboratories 

Parsippany 
Future Electronics . 
Hamilton Hallmark 

Wayne 

(314)469-6805 
(314)298-2505 

1-800-789-TIME 

(609)424-0100 

(201)882-0300 

(609)596-8000 
(609)596-4080 

(201)227-7880 
(201)882-8358 

(201 )299-0400 
(201)515-1641 

Time Electronics . . ... _ 1-800-789-TIME 
NEW MEXICO 

Albuquerque 
Alliance Electronics 
Hamilton Hallmark 
Newark ............. . 

NEW YORK 
Com mack 

Newark 

(505)292-3360 
(505)828-1058 
(505)828-1878 

Hauppauge 
Arrow/Schweber Electronics 

(516)499-1216 

(516)231-1000 
(516)234-4000 
(516)434-7400 

Future Electronics . 
Hamilton Hallmark 

Konkoma 
Hamilton Hallmark 

Melville 
Wyle Laboratories . 

Pittsford 
Newark ..... . 

(516)737-0600 

(516)293-8446 

(716)381-4244 
Rochester 

Arrow/Schweber Electronics (716)427-0300 
.. (716)272-1120 

(716)475-9130 
....... (716)264-1100 
..... 1-800-789-TIME 

Future Electronics 
Hamilton Hallmark 
Richardson Electronics 
Time Electronics . 

Rockville Centre 
Richardson Electronics 

Syracuse 
Future Electronics .. 
Time Electronics . 

NORTH CAROLINA 
Charlotte 

Future Electronics .. 
Richardson Electronics 

Greensboro 
Newark 

(516)872-4400 

.. .... (315)451-2371 
1-800-789-TIME 

(704)455-9030 
(704)548-9042 

(919)292-7240 
Raleigh 

Arrow/Schweber Electronics (919)876-3132 
Future Electronics. . ...... (919)790-7111 
Hamilton Hallmark (919)872-0712 
Time Electronics . . . 1-800-789-TIME 

OHIO 
Centerville 

Arrow/Schweber Electronics 
Cleveland 

Newark ...... . 
Time Electronics 

Columbus 
Newark ....... . 
Time Electronics 

Dayton 
Future Electronics 
Hamilton Hallmark 
Newark 

(513)435-5563 

(216)391-9330 
... 1-800-789-TIME 

(614)431-0809 
.. 1-800-789-TIME 

(513)426-0090 
(513)439-6735 
(513)294-8980 

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

Mayfield Heights 
Future Electronics . 

Solon 
Arrow/Schweber Electronics 
Hamilton Hallmark 

Worthington 
Hamilton Hallmark 

OKLAHOMA 
Tulsa 

Hamilton Hallmark 
Newark. 

OREGON 
Beaverton 

(216)449-6996 

(216)248-3990 
... (216)498-1100 

(614)888-3313 

(918)254-6110 
(918)252-5070 

Arrow/Almac Electronics Corp. 
Future Electronics 

(503)629-8090 
(503)645-9454 
(503)528-6200 
(503)643-7900 

Hamilton Hallmark 
Wyle Laboratories 

Portland 
Newark 
lime Electronics . 

PENNSYLVANIA 
King of Prussia 

Newark .......... . 
Mt. Laurel 

Wyle Laboratories ...... . 
Montgomeryville 

Richardson Electronics 
Philadelphia 

lime Electronics 

(503)297-1984 
. 1-800-789-TIME 

(215)265-0933 

. .. (609)439-9110 

(215)628-0805 

. 1-800-789-TIME 

... (609)439-9110 Wyle Laboratories 
Pittsburgh 

Arrow/Schweber Electronics 
Newark. 

(412)963-6807 
(412)788-4790 

...... 1-800-789-TIME lime Electronics 
TENNESSEE 

Franklin 
Richardson Electronics 

Knoxville 
Newark 

TEXAS 
Austin 

Arrow/Schweber Electronics 
Future Electronics 
Hamilton Hallmark 
Newark 
lime Electronics . 
Wyle Laboratories .... 

Carollton 
Arrow/Schweber Electronics 

Dallas 
Future Electronics .. 
Hamilton Hallmark .. 
Richardson Electronics 
Time Electronics .... 
Wyle Laboratories .. 

Ft. Worth 
Allied Electronics . 

Houston 

(615)791-4900 

(615)588-6493 

(512)835-4180 
(512)502-0991 
(512)258-8818 
(512)338-0287 

1-800-789-TIME 
(512)345-8853 

(214)380-6464 

(214)437-2437 
(214)553-4300 
(214)239-3680 

. .. 1-800-789-TIME 
(214)235-9953 

(817)336-5401 

Arrow/Schweber Electronics (713)530-4700 
Future Electronics ............. (713)785-1155 
Hamilton Hallmark .. .. .. .. (713)781-6100 
Newark .. .. .. .. .. (713)270-4800 
Time Electronics .. 1-800-789-TIME 
Wyle Laboratortes . . . . . . . . (713)879-9953 

Richardson 
Newark ..... 

UTAH 
Salt Lake City 

Arrow/Schweber Electronics 
Future Electronics 
Hamilton Hallmark 
Newark ..... 
Wyle Laboratories 

(214)235-1998 

(801 )973-6913 
(801)467-4448 
(801 )266-2022 
(801 )261-5660 

. (801)974--9953 
West Valley City 

Time Electronics 
Wyle Laboratories . 

........ 1-800-789-TIME 
(801)974-9953 

WASHINGTON 
Bellevue 

Almac Electronics Corp. 
Newark. 

(206)643-9992 
(206)641-9800 
(206)646-7224 Richardson Electronics 

Bothell 
Future Electronics 

Redmond 
Hamilton Hallmark 
lime Electronics .. 
Wyle Laboratories 

Seattle 
Wyle L.aboratortes. 

Spokane 

(206)489-3400 

(206)881-6697 
. .... 1-800-789-TIME 

......... (206)881-1150 

Arrow/Almac Electronics Corp. 

. . (206)881-1150 

(509)924-9500 

WISCONSIN 
Brookfield 

Arrow/Schweber Electronics 
Future Electronics 

Milwaukee 

(414)792-0150 
(414)879-0244 

lime Electronics 
New Berlin 

Hamilton Hallmark 
Wauwatosa 

Newark. 
Waukesha 

Wyle Laboratories . 

CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. 
Future Electronics . 
HamiltorVHallmark 

Edmonton 
Future Electronics 
Hamilton/Hallmark 

Saskatchewan 
Hamilton/Hallmark 

BRITISH COLUMBIA 
Vancouver 

Arrow Electronics .. 
Electro Sonic Inc. . . 
Future Electronics 
Hamiltorv'Hallmark 

MANITOBA 
Winnipeg 

Electro Sonic Inc. 
Future Electronics 
HamiltorVHallmark 

ONTARIO 
Ottawa 

Arrow Electronics 
Electro Sonic Inc. 
Future Electronics 
HamiltorVHallmark 

Toronto 
Arrow Electronics 
Electro Sonic Inc. 
Future Electronics . 
Hamilton Hallmark 
Newark .. 

Richardson Electronics 
FAI ...... 

QUEBEC 
Montreal 

Arrow Electronics 
Future Electronics 
Hamilton Hallmark 
Newark . 
Richardson Electronics 

Quebec City 
Future Electronics . 

....... 1-800-789-TIME 

(414)780-7200 

(414)453-9100 

(414)879-0434 

(403)255-9550 
(403)250-5550 

.... (800)663-5500 

(403)438-2858 
...... (800)663-5500 

. - .... (800)663-5500 

(604)421-2333 
. ...... (604)273-2911 

.... (604)294-1166 
(604)420-4101 

(204)783-3105 
(204)944-1446 
(800)663-5500 

(613)226-6903 
(613)728-8333 
(613)820-8313 
(613)226-1700 

(905)670-7769 
(416)494-1666 
(905)612-9200 
(905)564-6060 

.. (519)685-4280 
(905)670-2888 
(800)463-9275 

.... (905)795-£300 
(905)612-9888 

(514)421-7411 
(514)694-7710 
(514)335-1000 
(800)463-9275 

.... (514)748-1770 

(418)877-6666 

For changes to this information contact Technical Publications at FAX (602) 244-6561 



SALES OFFICES 
UNITED STATES Worthington .............. (614)431-8492 
ALABAMA, Huntsville ...... (205)464-6800 OHIO, Dayton .............. (513)495-6800 

ALASKA, ................. (800)635-8291 OKLAHOMA, Tulsa ........ (800)544-9496 

ARIZONA, Tempe .......... (602)302-8056 OREGON, Portland ......... (503)641-3681 

CALIFORNIA, Agoura Hills ... (818)706-1929 PENNSYLVANIA, Colmar .... (215)997-1020 

CALIFORNIA, Los Angeles .. (310)417-8848 Philadelphia/Horsham ..... (215)957-4100 

CALIFORNIA, Irvine . . .. (714)753-7360 TENNESSEE, Knoxville ..... (615)690-5593 

CALIFORNIA, San Diego .... (619)541-2163 TEXAS, Austin ............. (512)502-2100 

CALIFORNIA, Sunnyvale .... (408)749-0510 TEXAS, Houston ........... (800)343-2692 

COLORADO, TEXAS, Plano ............. (214)516-5100 
Colorado Springs . . . .... (719)599-7497 TEXAS, Seguin , ........... (210)372-7620 

COLORADO, Denver ....... (303)337-3434 VIRGINIA, Richmond ....... (804)285-2100 

CONNECTICUT, UTAH, CSI@ .............. (801)561-5099 
Wallingford .......... ····· (203)949-4100 WASHINGTON, Bellevue .... (206)454-4160 

FLORIDA, Maitland ......... (407)628-2636 Seattle Access ........... (206)622-9960 

FLORIDA, Pompano Beach/ WISCONSIN, Milwaukee/ 
Ft. Lauderdale (305)351-6040 Brookfield ................ (414)792-0122 

FLORIDA, Clearwater ...... (813)538-7750 

GEORGIA, Atlanta .... (404)729-7100 

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

ILLINOIS, Chicago/ 
Hoffman Estates .......... (708)413-2500 
Shaumburg . . . . . ....... (708)413-2500 

INDIANA, Fort Wayne ...... (219)436-5818 

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

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

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 
BRITISH COLUMBIA, 

Vancouver ................ (604)293-7650 

ONTARIO, Toronto ......... (416)497-8181 

ONTARIO, Ottawa .......... (613)226-3491 

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

INTERNATIONAL 
AUSTRALIA, Melbourne ... (61-3)887-0711 KANSAS, Kansas City/ 

Mission .... ... (913)451-8555 AUSTRALIA, Sydney ....... 61(2)906-3855 

MARYLAND, Columbia 

MASSACHUSETTS, 
Marlborough .. 

. .. (410)381-1570 BRAZIL, Sao Paulo ....... 55(11)815-4200 
CHINA, Beijing . . . . . . . . . . . . . . 86-505-2180 

.. (508)481-8100 FINLAND, Helsinki ....... 358-0-351 61191 

MASSACHUSETTS, 
Woburn .................. (617)932-9700 

MICHIGAN, Detroit ......... (313)347-6800 

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

MISSOURI, St. Louis ....... (314)275-7380 

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

NEW YORK, Fairport ....... (716)425-4000 

NEW YORK, Hauppauge .... (516)361-7000 

NEW YORK, Fishkill . . . (914)896-0511 

NORTH CAROLINA, 

car phone ............... 358(49)211501 

FRANCE, Paris ............ 33134 635900 

GERMANY, Langenhagen/ 

Hannover ............... 49(511)786880 

GERMANY, Munich ......... 49 89 92103-0 

GERMANY, Nuremberg .... 49 911 96-3190 

GERMANY, Sindelftngen .... 49 7031 79 710 

GERMANY, Wiesbaden ..... 49 611 973050 

HONG KONG, Kwai Fong .... 852-6106888 

Tai Po .................... 852-6668333 

2/1/95 

JAPAN, Fukuoka ......... 81-92-725-7583 

JAPAN, Gotanda .......... 81-3-5487-8311 

JAPAN, Nagoya .......... 81-52-232-3500 

JAPAN, Osaka ............. 81-6-305-1802 

JAPAN, Sendai ........... 81-22-268-4333 

JAPAN, Takamatsu ........ 81-878-37-9972 

JAPAN, Tokyo ............ 81-3-3440-3311 

KOREA, Pusan ........... 82(51 )4635-035 

KOREA, Seoul ............. 82(2)554-5118 

MALAYSIA, Penang ......... 60(4)374514 

MEXICO, Mexico City ....... 52(5)282-0230 

MEXICO, Guadalajara ...... 52(36)21-8977 

Marketing ................ 52(36)21-2023 

Customer Service ........ 52(36)669-9160 

NETHERLANDS, Best .... (31 )4998 612 11 

PUERTO RICO, San Juan ... (809)793-2170 

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 

SWITZERLAND, Zurich ..... 41(1)730-4074 

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

THAILAND, Bangkok ....... 66(2)254-4910 
UNITED KINGDOM, 

Aylesbury . . . . . . . . . . . . . . . 44(296)395-252 

FULL LINE REPRESENTATIVES 
CALIFORNIA, Loomis 

Galena Technology Group ... (916)652-0268 

NEVADA, Reno 

Galena Tech. Group ....... (702)7 46-0642 

NEW MEXICO, Albuquerque 

S&S Technologies, Inc. . ... (505)298-7177 

UTAH, Salt Lake City 

Utah Comp. Sales, Inc ...... (801 )561-5099 

WASHINGTON, Spokane 

Doug Kenley ............. (509)924-2322 

HYBRID/MCM COMPONENT 
SUPPLIERS 

Chip Supply ............... (407)298-7100 

Raleigh .. ........ (919)870-4355 INDIA, Bangalore ......... (91-812)627094 Elmo Semiconductor ........ (818)768-7400 

OHIO, Cleveland 

OHIO, Columbus/ 

(216)349-3100 ISRAEL, Herzlia .......... 972-9-590222 Minco Technology Labs Inc ... (512)834-2022 

ITALY, Milan ................. 39(2)82201 Semi Dice Inc .............. (310)594-4631 

For changes to this information contact Technical Publications at FAX (602) 244-6561 
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SALES OFFICES 

INTERNATIONAL MOTOROLA DISTRIBUTOR AND SALES OFFICES 
AUTHORIZED DISTRIBUTORS 

AUSTRALIA 
VSI Electronics (NZ) Ltd ....... (64)9 579-6603 
VSI Premark Elec. Ply Ltd ...... (61 )2 439-4655 
VeltekPtyLtd ................. (61)3808-7511 

AUSTRIA 
EBV Austria ................ (43) 222 8941774 
Elbatex GmbH ..... (43) 222 86 3211 

BENELUX 
Diode Belgium 
Diode Components BV . 
EBY Belgium 
EBY Holland ...... . 
Rodelco Electronics ... . 
Rodelco N.V. 

CHINA 

(32) 2 725 4660 
(31) 340 291234 

(32) 2 720 9936 
..... (31) 3465 623 53 

(31) 767 84911 
(32) 2 460 0560 

Advanced Electronics Ltd. (852)305-3633 
China El. App. Corp. Xiamen Co ... (86)592 553-487 
Nance Electronics Supply Ltd. . .. (852) 333-5121 
Qing Cheng Enterprises Ltd. . . (852) 493-4202 

DENMARK 
Avnet Nortec A/S Denmark ...... (45) 428 42000 
EBV Denmark . . . .. ( 45) 398 905 11 

FINLAND 
Arrow Field OY .. 

FRANCE 
Arrow Electronique 
Avnet Components . 
EBV France 
Scaib ...... . 

GERMANY 

(35) 807 775 71 

(33) 1 49 78 49 78 
(33) 1 49 65 25 00 
(33) 1 64 68 86 00 
(33) 14687 2313 

AvnetE2000. . .. (49) 894511001 
EBY Germany . . . . (49) 89 456100 
Future Electronics GmbH ..... (49) 89-957 195-0 
Jermyn GmbH... . . (49) 6431-5080 
Muetron, Mueller 

JAPAN 
AMSC Co., Ltd ................ 81-422-54-6800 
Marubun Corporation . . 81-3-3639-8951 
OMRON Corporation . . .. 81-3-3779-9053 
Fuji Electronics Co., Ltd. . . . 81-3-3814-1411 
Tokyo Electron Ltd. . . . . 81-3-5561-7254 

Nippon Motorola Micro Elec. 81-3-3280-7300 

KOREA 
Ute-On Korea Ltd. 

Lee Ma Industrial Co. Ltd. 
Jung Kwang Sa 

NORWAY 
Avnet Nortec NS Norway 

SCANDINAVIA 
ITT Multikomponent AB 
Avnet Nortec (S) .. 
Avnet Nortec (DK) 
Avnet Nortec (N) .. 

SINGAPORE 

. (82)2 858-3853 
. .. (82)2 739-5257 

..... (82)51802-2153 

(47) 6 664 6210 

... (46) 8 830 020 

(46) 8 7051800 
(45) 42 842 000 

(47) 6 684 210 

Alexan Commercial ..... (63)2 405-952 
GEIC ........ (65) 298-7633 
P.T. Ometraco . . ...... (62)22 630-805 
Uraco lmpex Asia Pte Ltd. . (65) 284-0622 
Shapiphat Lid. . ...... (66)2 221-5384 

SPAIN 
Amitron Arrow . 
EBV Spain 
Selco S.A. 

SWEDEN 
Avnet Nortec AB 

SWITZERLAND 
EBV Switzerland .. 
ElbatexAG 

TAIWAN 

.... (34) 1 304 30 40 
.. (34) 9 358 86 08 
.. (34) 1 359 43 48 

......... (48) 8 629 14 00 

(41) 174010 90 
........ (41) 56 275165 

Future Electronics . . . . . . . . . (403)250-5550 

Hamilton/Hallmark .. (800)663-5500 
Edmonton 

Future Electronics 
Hamilton/Hallmark 

Saskatchewan 
Hamilton/Hallmark 

BRITISH COLUMBIA 
Vancouver 

(403)438-2858 
(800)663-5500 

(800)663-5500 

Arrow Electronics ..... (604)421-2333 

Electro Sonic Inc. (604)273-2911 

Future Electronics .......... (604)294-1166 
Hamilton/Avnet Electronics . (604)420-4101 

MANITOBA 
Winnipeg 

Electro Sonic Inc. 
Future Electronics .. 

Hamilton/Hallmark 

ONTARIO 
Ottawa 

Arrow Electronics 
Electro Sonic Inc. 
Future Electronics 
Hamilton/Hallmark 

Toronto 
Arrow Electronics 
Electro Sonic Inc. 
Future Electronics 
Hamilton/Hallmark 

Newark. 

(209)783-3105 
(204)944-1446 

.... (800)663-5500 

(613)226-6903 
(613)728-8333 
(613)820-8313 

(613)226-1700 

(416)670-7769 

(416)494-1666 
...... (905)612-9200 

..... (905)564-6060 

(519)685-4280 

(905)670-2888 
(800)463-9275 

Richardson Electronics 
FAI 

(905)795-6300 
(905)612-9888 

GmbH &Co. 
SascoGmbH ... 
Spoerle Electronic 

(49) 421-305 60 
. . . . . (49) 89-46110 

( 49) 6103-304-0 

Mercuries & Assoc. Ltd 
Solomon Technology Corp . 
Strong Electronics Co. Ltd. 

(886)2 503-1111 
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