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The- M08503 Universal Polynomlal Generator (UPG)is used in-

serial digital data handing systems for error detection and correction.

The serial data stream is divided by a selected .polynomial and the -
division remainder is transmitted at the end of the data stream asa "f,
Cyclic Redundancy Check Character -(CRCC), When the data is re-:
ceived the same calculation is performed, If there were no errors * -

‘in transmission, the new remainder will be zero; . - - *

The M08503 offers four of the more common polynommals for_f" ,
error’ detection -techniques including a read forward and reverse on.

' ~the CRCC-16 and CRCC-CCITT polynomial functions. These poly-

nomials can be generated by changing the blnary select codes as-'

shown in Figure 1.

..® Four Unique Polynomlal Codes in One Package

® Compatible with TTL. :
Maximum Fan-Out = 1 TTL Load

° Data Rate = 3.5 MHz Typical
® Total Power Dlssmatlon 400 mW Typlcal
° +5.0- Volt Operation
Typical Applications Include
® Floppy Disks

® Cassettes

® Data Communications
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| CERAMIC PACKAGE

' PLASTIC PACKAGE
- CASE 646

"CASE 632

CODE , :
SELECT o :
XY [Z - 'POLYNOMIAL
0 |0 |ocRCC-16 (Fwd) 16 + x15 4 x2 4 1
0 10 [ 1-]CRCC-16 (Bkwd) X16 £ X194 1 % + 1
1{1 JOICRCC-CCITT (Fwd) [X16 + x12 4 X5 + 1
1 |1 | 1|CRCC-CCITT (Bkwdl|x16 + X171 + x4 + 1
JoJ1jo| LAcc-16 - X716 ¢ 1
IERCAE LRCG8 X8+ 1
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 MAXIMUM RATINGS

@ MOTOROLA_ SelﬁibohductOr Prbduc"t_srlnc. —

o Rating Symbot S ‘:'-Va.luar—" Unite
Supply Voltaga . vVee 20510 47.0. _Vde
Input Voltage Vin  -1.0t0 455 vde
Output Voltage: MoK © 208 to +7.0 -~ Vde
Thermal Resistance 8ja 65 . %cmw
Operating Temperature Range - TA SO ¥78 -O¢ -
Storage Temperature Range ' Tstgi ' {-5_51_"&):3‘7165’5 ' +.0¢

ELECTRICAL CHARACTERISTlCS (VCC 5.0 Vdc +5%, TA 0'to 75°C unless otherwxse noted ) e .
Characteristic " Symbol - Min "Max - | Unit
-Input Forward Current . - = B [T - -75 - HAdc

{(Vi=0,Vce = 525Vdc,Al|lnputs) STl S L
!nput Leakage Current’ o - - S .'-—126 _' 'ﬁAdc" -

(ViH = 2.4 Vde, Ve = 525Vdc, All Inputs) SenLo S S
LOQIG “'0"" Qutput Voltage ' VoL - 05 - Vde -

(loL = 1.6 mAde, Vy 7= 0.8 Vdc VIHT 20 Vdc, VCC 4.75 Vdc) S ' ' o
Logic **1' Output Voitage ' ~ - VoH 2.4 - Vde

{log =-0.3mAdc, Vi T = 08Vdc,V|HT 20 Vdc Vcc 475Vdc) T . L - .
Output Leakage Current ' : deex: b - U100 uAde
. (Vgg = Vggx = 6.25 Vdc) T _

‘| Power Supply Drain Current . ~leer - 117 mAdc
“{Vee = 5.0 Vde, All Inputs Open) e : Co
PIN ASSIGNMENT . -
. 1tge Vee[314
"2[Jos - - AZ[]13
3]z soof—J12. |
4R spIEJ11
5y SRJ10
eCdo1 - - po[Jo :
rend s - x[ds
E
A,
iy




szTCHINGTIME TEST CIRCUIT :ANbfiwAVéFoﬁMsf

Vee

TP } A
n 4x

PULSE
GENERATOR

-or Equiv

' ngh-lmpedance probes (>1 0 megohm) must be used :
Ct = 15 pF = total parasitic capacitancs, which inciudes probe, wlrmg, and Ioad capacltances
Note 1:- Use mlnimum wire length to connect Q8 to D9. . - .

"~ MMDG150
or Equiv

MMD7000

,|<'7

1 Generator Cycle — - - —_—
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. c-sDO+ —n — [ c-spo- i
spo 7 _ TR : _
e T e
T —> *—Cc-AZ- . |
I
o ' SWITCHING TIMES (VCC 5 OVdc TA=26°C) ,
RESET TEST TO BE MADE AT THIS POINT . - ) :
- : R . Characterlstlc : - C Symbol “Max - Unit
. : v\ %0V . . |Clckto soo Output—Turn-On Delay Time te—spo— | 150 | . ns.
Reset .___7 - - ov - . Turn-Off Delay Time tC—SDO+ 126 - ns
spo — R#S8DO-- . ... . [Tlock to AZ Output ~ Turn-On Delay Time - t(‘;_A"'z'_ 1 130 ns
R —3§1.5v ' o . © . Turn-Off Delay Time - | tc-AZ+ | 176 | ns
S __ S Reset to SDO Out ut-—Turn On Delay Time | tR+sDG— | 160 | ns
RS R P v R+SDO— _
T 1 sv . o | Reset to FZOutput,—'_l'urnr-On Delay Time- tR+AZ— 140 - ns-
: L— Data Setup Time. L -ts'etup . 100 ris_max
Date Hold Time -~~~ - : * thold- -0 ngmin
‘Minimum Reset Pulse Wldth O tpw 100 ns min

" Note: AC test in LRCC-16 Mode.

MOTOROLA Semiconductor Products Inc.




~ FIGURE 2 — ERROR CONTROL FUNCTIONS -~ -

CRCC-16 FORWARD (X16+ X156 + X2+ 1)

&6 |7 |8:f9e|10]11]12]3

XYz =000

12 e

CRCC-16 BACKWARD-(X16+ X14 + X + 1)

61 6| 7|8 910111 }12 |18

XYZ =001 -

(

_ 11234
XYZ =110

CRCC-CCITT FORWARD (X16 + X124 X5 + 1) -

1{2|31]a
| xvz =111 _

. LRCC-16(X18+1)

|.s ] 6|7 |8 |9 |10]11|12]13]14

XY¥YZ2=010".

LRCC-8 (X8 + 1)

9 {10 |11 ]12]13 |14

15

| xvz=101




OPERATING CHARACTERISTICS

The 'MC8503 Po|ynom|al Generator may be used to,‘_ '_ o
|mplement any of the error control functions shown in-
Figure 2, These circuits are used in a varlety of dlgltal:_': :
‘recording systems, and are used to both generate and check = _ -

the check characters transmitted with a serial data stream.

Both the data and the encoding character are termed - - -
“polynomials” in the sense that each bit position of a -
serial data stream can be thought of as a coefficient of the L
general polynomial f(X) =-ag + a1X + agX2 +,,, -

ak-1XK-1 +ax XK, For the binary case, each coefficient

must be either one or zero. In this context the polynomlal-

X168+ X108+ X2 + 1 is represented by the bmary word
110000000000Q0101.

The check charactere are generated by’ dlvudmg the' .
data_ by the encoding polynomial. The remainder resuitlngr',
~ from the division is then appended to the message stream

as a check character. During reception of the data it .is

again divided by the same polynomial. If no errors have -

occurred m transmission, the result of this division should

be “zero” since adding the check character {remainder) to-
the message has the effect of making the recelved message'

evenly divisible by the code polynomial.

The MC8503 generates the check characters by entermg '

each bit of the data stream into the Serial Data In terminal:

This process effectively divides the data stream by the code
selected by means of control lines X, Y,and Z as indicated =

"in Figure 2. After the last data bit is entered, ‘the check

character is stored in the MC8503; it is then added to the ,

data stream by taking the Shift- R|ght control low and
clockmg the generator.
_Duringreception the data is passed through an |dent|cal

‘circuitand if no errors have occurred the mternal All Zeros
- detector provides an indication that the data was cofrectly

received.- While the encoding: techmques used “provide
some capablllty for error correction, the most common

procedure is to request a re-transmlssron |f errors are: S

detected,

F:gure 3 shows the external connectlons requrred for R B U _
‘the various operating modes. Note that the circuitcanbe ~ .~ |-~ "
used as one sixteen-bit shift register, or astwo synchronous* ,
eight-bit registers by holding Shift Right low and treating.-
Data 1 and Data 9 as serial data inputs. Appllcatlons re- o
quiring the polynomial generator to-be preset to: all’ ones. '

* . use the external connections shown'in Figure 3b.

Operatlon of the MC8503 for each of the selec’rable-

codes is shown. in Figures 4 thru 1. In Flgure 4, the
“resultsof shiftinga four byte data message into.an N_i08503

connected for CRCC-16 generation are shown (clock.and
-control functions are omitted for clarity). After the last

message bit has been entered by. the 32nd shift pulse, the

register contains the CRCC-16 check character. The check =

‘character would be shifted out (using the Shift Right

~_control and 16 additional shift puises) and transmitted ee'_. _
_the last two data bytes of the message, wrth the Ieast o

5|gn|f|cant hit going first,

" FIGURE 3 = EXTERNAL CONNECTIONS =

- a— Connections for 16-Bit Polyndmial Genaration

= &0—Qc

I:!X, Y 2 SR AZ

1D 08 _sDI
.~ SpDo—O—e

b - Connections. for 16-Bit PolynomiaI Gen_eration:

R

O

: D109 . Q8
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|
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‘SR .- AZ

¢ — Connections for LRCC-8 Generation -
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d Connectlons for Shlft Reglster Operation

Connect for 16-bit operation -
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FIGURE 4 GENERATION OF cncc 16 (x16 + x15 + x2 3 1)

CH ECK CHARACTER
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- Check Character Check Character
.- CRCC.Character.... .

@ MOTOROLA Semiconductor Products Inc.

Durlng receptlon efror checkmg isdone by shlftlng the
data mcludmg the check character, through a similar

. f'clrcutt This is nliustrated in- Figure 5. If no errors_have
_occurred during transmission, ‘the results of the first 32
“shifts would be identical to those shown in, Flgure 4, Shifts

33 through 48 cause the check ‘character to be entered
and for. correct data W||| actlvate the All Zeros detector

"on shift 48

- Detection of errors. is normally followed by a request
In cassette. tape -

the data would require rewinding the tape to return to the
beginning of ‘the data block. The MC8503 eliminates this
problem by provrdlng the read backward mode shown in

- Figure 8. Note that the data is shown entering the MC8503

in" reverse order, i.e.,- the most significant bit of the re--
corded check character is the first bit entered. The op-

eration shown assumes a. correct read is obtained as
indicated by the all zeros. condltlon of the register after

" _the 48th shift.

Generation and checkmg examples S|m||ar to those ]ust

. described, but for the CCITT check character are _shown
_in Figures 7, 8 and 9.

Longitudinal Redundancy Check Character (LRCC)
operation, while related to CRCC operation, has significant
differences. -In Flgures_4_;thru 9, the CRCC circuits are

,shown operating on eight bit bytes’since this is a common

transmission or. recordlng mode. However, the operatton is
equally valid for. serial message streams of ‘any length;

i.e.,. the. message Iength does not have to be a multiple of
the byte length. '

- Longitudinal . redundancy checkmg is used only with
data bytes of specified length, .i.e., LRCC-8 is used with
eight-bit bytes and LRCC-16 is used with srxteen bit
characters The value (1.or 0) of each bit position in the

" FIGURE 5_.-, cRcc-JenEAD OPERATION '

“[Input |Feed- | Register Contents ™
Data |back After nth Shift
‘l-on ] on -
shift|.nth {nen | T 1111111
~n |Shift I1Shift |11 2345678 901234586
| o] 8 |eeeeosaree. 406000000
31 110 00011000 10110110
32 ST 1 10101100 01011010
33| o]l 0 {01010110- 00101101
34 1] 0o jooto1011 00010110
3B Jo] o }joo010101 10001011
736_:9':1 .0.]00001010 11000101
37 |8]1 |0 |]ooooO0O101 01100010
- 38 E,'o 0 {00000010- 10110001
3910|1].0 [00O0000Q001T 01011000
40 <0_ 0 00000000 10101100
41 0l-0 00000000 01010110
42 |%10} 0 |00000000C 00101011
43 {21110 00000000 00010101
441911 | o [ooo0o00000 00OOOGC1010
45 (¢} 0 00000000 00000101
46 1 0-l00000000-000,00010
47. 0 0. j]0000000C0 ©C000QO0O001
48 Q 0 |[000000CGO0O0 000600000
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"CHECK CHARACTER

FIGURE 7 — GENERATION OF CCITT (X16+ X124 X5 + 1)
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~ . FIGURE 6 — CRCC-16 BACKWARD (X164 X144 x4 1)
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1e/FIGURE 8 — CCITT READ OPERATION. -7~

“_input |Feed- | "~ Register Contents™ - u
-~ | Data |back © - After nth Shift CoE
o Fon | on — ]
Shift}.nth {nth | - - ‘ 1111011
~n |Shift |Shift [1 2345678 90123456.|
o ° . s s 0000 s00e s 00
31| 1} 0 l0o01010011--00141011
32 11 0 j00101001 10011101
33| (i| o |[ooo1o0100 11001110
34 [ Jol o loooo0o1010 01100111
3 [ |1]. 0 joooo00101 00110011
3 |gl1| o joooc00010 100711001
37 |g|t] o [p0o0o00001 01001100
38 |S]o| o [ooo000000O 10100110"
39 |Olo] o |00000000 01010011
40 -_ﬁ1 0 |00000000- 00101001
41,1 0o |[00o000000 00010100
42 {¢lo]l o |o00000O0OO0O 00001010
43.[510| 0 |00000000 00000101
‘44 |- 1| o |[oooco0000 0000001 0"
-45| Jo] 0 {00D0O00CO000 00000001
46: 1] o {looo000000 000000O0O
47 0|0 |00000000 000000Q0
48 0] 0 00000000 00000000

' LRCC is determined by the data content of 'thé corres- -

ponding bit position in each of the data bytes preceeding
it. Asan example, in Figure 10 four data characters and an
appropriate LRCC are shown as the data being entered

“into an LRCC-8 circuit. Note that each vertical column

_ {bit position} displays even parity. Generation of the LRCC

is illustrated in the first 32 rows of the table in Figure 10,

showing the results of serially entering the four character

7 data block into an MC8603 connected for LRCC-8:-op-

eration. Note that after the 32nd shift the register con-

tains the required LRCC. This character would be sh|fted '

out and transmitted with the data.

The LRCC error check is illustrated by the remammg- .
rows of the table. During reception of correct data, the
results of serially entering the data into an MC8503 would - -

_ be identical to those obtained while generating the LRCC
(first 32 rows of the table). Entry ‘of the transmitted
LRCC (last eight rows of the table) leads to an mf

indication after the 40th.shift,

Similar results for LRCC-16 operatlon are shown in.
Figure 11, For simplicity, only two data bytes: are "
assumed. Note that the required LRCC is present in-the:
register after the last data bit (shift 32) is entered. As-:j
before, shifts 33- 48 show the results of the error checkﬁ

during reception.
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“Additional theoretical background concernmg these-_' -

error correction techmques can be found in:

1. Peterson, W. Wesley: “Error- -Correcting Codes . MIT';:

Press, Cambridge, Mass., 1965.

Procedures for using the - check characters in data’
transmission -and digital magnetlc tape recordmg, respec-;

: "tlvely, are described in:

2. “General Informatron — Binary Synchronous Com-,,, o
- munications’’, . IBM Systems Reference lerary,>F|Ier_

No. TP-09, Form GA27-3004-1.

3. "Specifications for Magnetic Tape Cassette for Infor-
s‘mation Exchange”, Secretariat Business Eqmprnent )

Manufacturers Assomat[on ANSI XSB1/579 Amerlcan_
S ,Nat|onal ‘Standards Institute, “Inc.;" 1430 Broadway,
. -New York; N Y-. September 14,1972, '

o FIGURE 9 ot BACKWARD (x"6 + x11 ¥ x4 + 1) _

PERER A READ OPERATION

(]
“ithru

When readlng backward Most Srgnlflcant 8it In o
each character appears first.

o . 'S'erlai'Data In

Input Feed- - ' Regiéter,Contents

‘Data {Back' | After nth Shift
| on | on jrme—e - - -
- Shift{ nth- | nth | S 1111111
n. |Shift{sShift |12 346678.901234586
0 - |o0000000 00000000
1 0 0 (00000000 00000000
-2 0| 0 |00000000 00000000
3 1 1./1t0001000 000106000
4 10 0 |0O1000100 00001000
N T 1 |70101010 00010100
6 [ 0] 0 .j01010101 00001010
7.1 07].0:/]00101010 10000101
8- 1 |:0.]00040101 01000010 |
9 1.1t {1 (10000010 10110001
10 0] 111001001 01001000
~11-].-0 0 |01100100 10100100
12 |1 1 /10111010 .01000010
13 )1 1./11010101 00110001
14.1"1.[-0-|011010,1°0 10011000
5 -0°].0 /00110101 01001100
-16. | 1 1.010010010 - 10110110
711 |1 111000001 01001011
18] 110101100000 10100101
19 [ 1] 0./]00110000 01010010
20 {1 17110010000 00111001
21 0 ].1]/11000000 00001100
22 1 1 (11101000 00010110
23 | .1 1. 111111700 00011011
2410 (-1 [111T10110 00011101
26"t 0 17111110011 00011110
26.|] 0. [0 J0ott11001 10001111
27. 11 0 |001111.00 11000111
21 0|t /10010110 01110011
29 1 0-.{01001011: 00111001
30|10 /00100101 10011100
"3 |1 |1 [10011010 11011110
32 |0 0. 01001101 01101111
33| 1 0./001001t10 T0110111])
3 {110 00010011 01011011
35 1 0 00001001 - 10101101
3 |1 | 0 |0000D0100- 11010110
3 |0 | 0.]100000010- 01101011
;38 |-1.]1.0 |[00000001.00110101
39 1 0 {00000000 10011010}
401’0 | 0-100000000-01001101
41 1 0 |{00000000 00100110
42 {0 107100000000 0001.00.1-"1
4311 0D |00000000 00001001
Y-V S ‘0-]100000000 00000100
‘45 | 0°°1°0-}00000000 00000010
46| 0 | 0.]j00000000 00000001
7.0 00000000 00000000
0| 0 |00000000 00000000
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- FIGURE 11— LRCC-16 OPERATION © .~

‘FIGURE 10 - LRCC-BOPERATION .

“Coto0110101110100- N

Coitorriiorionts 1j -

C0010001000011011 (LRCC)

16

thru

Register Contents -

123456

0

12345 6,7 88

-k k-E-E-X-E-K-R-F-R-E-E-R=]
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PACKAGE DIMENSIONS
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SEATINGLK

NOTES:

1,

N

LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.
. DIMENSION “L" TO
CENTER OF LEADS
WHEN FORMED
PARALLEL,

3, DIMENSION “8" DOES NOT

INGLUDE MOLD FLASH,

. ROUNDED CORNERS nmnMAL.

a -
=

1i

— H'—--—l GI-— \sgArmu !

PLANE .

2 NOTES . ’ )
1. ALLRULES AND NOTES ASSUGIATED
_ WITH M0-001 AA QUTLINE SHALL APPLY.
2, DIMENSION “L" TO CENTER OF LEADS
* WHEN FORMED PARALLEE, -
3. DIMENSION “A* AND "8 (632:07) DO °
© NOT INCLUDE GLASS RUN-OUT. -
- 4, LEADSWITHIN 0.25 mm {0.010) DIA
_GF TRUE POSITION AT SEATING PLANE
_AND MAXIMUM MATERIAL. conanmN.
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!NCHES -

MAX -

MAX

18.16

13.56
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0.7170

6.60

.24

260
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0,160

.200

6
4.06
0.38

0.53

0.015

1.02

1.78

0.040

0021
0.070

2.54

BSC

-1.32

241

0.20

0.38

0.052

0,100 BS
0,095

0.008

0.01%

2.92

343

0115

0,135 |

1.62

8SC

0.300 BSC .
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100
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| 100 -

0.51

.02

0.026¢

[0.040

CERAMIC PACKAGE
CASE 632-07

MILI.IMETEHS mcues
DIM[ MIN TMAX | MIN T MAX |
A 1905 ]19.94 70750 | 0.785 | . -
8 | 610 | 7.49 [ 0.240| 0.295
€ | - 08| = 700
D | 0.38-] 068 | 0.015] 0.023 |
F | 1407 177 170,055} 0.070

g 2.54BSC - |  0.100 BSC

A {191 ] 2297 0.075 | 0.030
J- | -0.20°]0.387] 0.008 | 0.015
K | 318 | 432 6.126] 0.170.

'Lt 78288C 0.300 BSC

M-l - ] 150 ] — ]-{80 |
N 0.51. | 1.02 onzol 0.040

PLASTIC PACKAGE-
CASE 646-05




