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Connection Diagrams

CRC Generator/Checker _ N
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Dﬁf (2] [13]en
T le Redundancy Check (CRC) Generator/Checker provides an So[ 3] 12fa
advanc 1 lementing the most widely used error detection MR[ 4] 11]p
scheme i i | data handling systems. A 3-bit controt input
selects one-of- én tar polynomials. The list of polynomials in- si[5] 1olewe
cludes CRC-16 an well as their reciprocals (reverse nel[6] ENC
polynomials). Automatic i jon is incorporated for polynomials end[7] [5]s,
of degree less than 16. Sep. ngepreset inputs are provided for
floppy disk and other application§. rorditput indicates whether or
not a transmission error has occurred. c | input inhibits feed- Pin Assignment n
back during check word transmission. The ' 1 Pnpatible with for DIP and SOIC
all TTL families. '
¢ Eight Selectable Polynomials s@ Nﬂc ':“ E {sg
* Error Indicator yd |
» Separate Preset and Clear Controls — 4 o

¢ Automatic Right Justification

« Fully Compatible with ali TTL Logic Families GND E‘T’]I 253
* 14-Pin Package ne I 11N
¢ 9401 Equivalent s. 17 29 v

* Typical Applications:
Floppy and Other Disk Storage Systems
Digital Cassette and Cartridge Systems
Data Communication Systems
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Ordering Code: See Section 5 Pin Assignment

for LCC and PCC
Logic Symbol

1)1

P Sy S; S, CWE
—ofcp ER|—
MR

Input Loading/Fan-Out: See Section 3 for U.L. definitions

- B54F/74F(U.L.)
Pin Names Description HIGH/LOW
$4-S, Polynomial Select Inputs 0.5/0.375
D Data Input 0.5/0.375
CP Clock Input (Operates on HIGH-to-LOW Transition) 0.5/0.375
CWE Check Word Enable Input 0.5/0.375
P Preset (Active LOW) Input 0.5/0.375
MR Master Reset (Active HIGH) input 0.5/0.375
Q Data Output 25/12.5
ER Error Output 25/12.5
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Block Diagram

POLYNOMIAL
SELECT

CHECK
WORD
ENABLE

DATA
DATA 16-BIT REGISTER OUTPUT
cLock ===
MASTER
RESET
ERROR
ERROR

DETECTOR
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Functional Description

The 'F401 is a 16-bit programmable device which
operates on serial data streams and provides a
means of detecting transmission errors. Cyclic en-
coding and decoding schemes for error detection
are based on polynomial manipulation in modulo
arithmetic. For encoding, the data stream (message
polynomial) is divided by a selected polynomial.
This division results in a remainder which is ap-
pended to the message as check bits. For error
checking, the bit stream containing both data and
check bits is divided by the same selected
polynomial. If there are no detectable errors, this
division results in a zero remainder. Although it is
possibie to choose many generating polynomials
of a given degree, standards exist that specify a
small number of useful polynomials. The 'F401 im-
plements the polynomials listed in Table 1 by ap-
plying the appropriate logic levels to the select
pins Sy, S; and S,.

The 'F401 consists of a 16-bit register, a Read Only
Memory (ROM) and associated control circuitry as
shown in the block diagram. The polynomial con-
trol code presented at inputs Sy, S; and S, is
decoded by the ROM, selecting the desired
polynomial by establishing shift mode operation on
the register with Exclusive OR gates at appropriate
inputs. To generate the check bits, the data stream
is entered via the Data inputs (D), using the HIGH-
to-LOW transition of the Clock input (CP). This data

401

is gated with the most significant output (Q) of the
register, and controls the Exclusive OR gates
(Figure 1). The Check Word Enable (CWE) must be
held HIGH while the data is being entered. After
the last data bit is entered, the CWE is brought
LOW and the check bits are shifted out of the
register and appended to the data bits using exter-
nal gating (Figure 2).

To check an incoming message for errors, both the
data and check bits are entered through the D in-
put with the CWE input held HIGH. The 'F401 is
not in the data path, but only monitors the
message. The Error Output becomes valid after the
last check bit has been entered into the 'F401 by a
HIGH-to-LOW transition of CP. If no detectable er-
rors have occurred during the data transmission,
the resultant internal register bits are all LOW and
the Error Output (ER) is LOW. If a detectable error
has occurred, ER is HIGH.

A HIGH on the Master Reset input (MR) asyn-
chronously clears the register. A LOW on the
Preset input (P) asynchronously sets the entire
register if the control code inputs specify a 16-bit
polynomial; in the case of 12 or 8-bit check
polynomials only the most significant 12 or 8
register bits are set and the remaining bits are
cleared.

Table 1
Select Code
Polynomial Remarks
S, Sy So
L L L X164 X154+ X2 +1 CRC-16
L L H X84 X114+ X +1 CRC-16 REVERSE
L H L X184 X154 X134 X7 4+ X4 + X2+ X1 +1
L H H X124 X1+ X3+ X2+ X+ 1 CRC-12
H L L X84 X7+ X5+ X4+ X+1
H L H X841 LRC-8
H H L X164 X124 X5+ 1 CRC-CCITT
H H H X184 X1+ X441 CRC-CCITT REVERSE

4-273



401

Fig. t Equivalent Circult for X186+ X15 + X2 + 1
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Fig. 2 Check Word Generation
DATA
CHECK WORD
ENABLE DATA PLUS
(NOTE 1 AND 3) CHECK BITS
NOTE 2
P CWE
b Fa01
CRC Q
GENERATOR/
CHECKER
CLOCK ———)CP
MR
NOTE 2
NOTES:
1. Check word Enable is HIGH while data is being clocked, LOW while transmission of
check bits.

2. 'F401 must be reset or preset before each computation.
3. CRC check bits are generated and appended to data bits.
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DC Characteristics over Operating Temperature Range (unless otherwise specified)

401

54F[TAF
Symbol Parameter Min Typ  Max Units Conditions
lec Power Supply Current 70 110 mA Vee = Max, Inputs Open

AC Characteristics: See Section 3 for waveforms and load configurations

54F/74F 54F 74F
TA =+ 25°C TA, VCC = TA, VCC = Fi
Symbol Parameter Vec= +50V Mil Com Units N
C, =50 pF C_=50pF | C_=50pF o-
Min Typ Max | Min Max Min  Max

fnax Maximum Clock Frequency 70 MHz 3-1
tpin Propagation Delay 15.0 n 31
tomL CPto Q 15.0 s 38
Propagation Delay 3-1

tent MR to Q 1.0 ns 311
Propagation Delay 341

trun B to ER 120 ns 311
Propagation Delay 3-1

teLm BtoQ 12.0 ns 3-11
Propagation Dela 341

teL MR to ER ’ 15.0 ns 311
Propagation Detay 31

tpLn P to ER 15.0 ns 311
teLH Propagation Delay 15.0 ns 3-1
tpHL CP to ER 15.0 3-8
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L

AC Operating Requirements: See Section 3 for waveforms

S54F[74F S54F 74F
Symbol Parameter J :c==++2; ;?/ Ta h\ﬂlﬁc = TA’C\;%? = | units ::g
Min Typ Max | Min Max | Min Max
t5(H) Set-up Time, HIGH or LOW 5.0
(L) Dto CP 5.0
tg(H) Set-up Time, HIGH or LOW 5.0
(L) CWE to CP 5.0 ns 36
th(H) Hold Time, HIGH or LOW 0
th(L) D and CWE to CP 0
tu(l) P Pulse Width, LOW 9.0 ns 39
twl(l) Clock Pulse Width, LOW 10.0 ns 38
t(H) MR Pulse Width, HIGH 9.0 ns 3-11
trec Hecoveny Time 10.0 ns 311
trec get?é%'y Time 10.0 ns 311
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