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Serial Data Polynomial Generator/Checker

General Description

The 'F402 expandable Serial Data Polynomial generator/
checker is an expandable version of the 'F401. It provides an
advanced tool for the implementation of the most widely
used error detection scheme in serial digital handling sys-
tems. A 4-bit control input selects one-of-six generator poly-
nomials. The list of polynomials includes CRC-16,
CRC-CCITT and Ethemnet®, as well as three other standard
polynomials (56! order, 48" order, 32" order). Individual
clear and preset inputs are provided for floppy disk and other
applications. The Error output indicates whether or not a
transmission error has occurred. The CWG Control input in-
hibits feedback during check word transmission. The 'F402
is compatible with FAST® devices and with all TTL families.

Features

Guaranteed 30 MHz data rate

Six selectable polynomials

Other polynomials available

Separate preset and clear controls

Expandable

Automatic right justification

Error output open collector

Typical applications: Floppy and other disk storage
systems Digital cassette and cartridge systems Data
communication systems

Ordering Code:

Commercial Military Package Package Description
Number
74F402PC N16E 16-Lead (0.8300" Wide) Molded Dual-In-Line
B54F402DM (Note 1) J1BA 16-Lead Ceramic Dual-In-Line
B54F402FM (Note 1) W16A 16-Lead Cerpack
B54F402LM (Note 1) E20A 20-Lead Ceramic Leadless Chip Carrier, Type C

Note 1: Military grade device with environmental and burn-in processing. Use suffix = DMQB, FMQB and LMQB.
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Fast® is a registered trademark of Fairchild Semiconductor Corporation.
Ethernet® is a registered trademark of Xerox Corporation.
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Connection Diagrams

Pin Assignment
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54F/74F
Pin Names Description U.L. Input 1/l
HIGH/LOW Output lop/loL
So—S; Polynomial Select Inputs 1.0/0.67 20 pA/-0.4 mA
CWG Check Word Generate Input 1.0/0.67 20 pA/-0.4 mA
D/ICW Serial Data/Check Word 285(100)/13.3(6.7) -5.7 mA(-2 mA)/8 mA (4 mA)
D Data Input 1.0/0.67 20 pA/-0.4 mA
ER Error Output (Note 2) /26.7(13.3) (Note 2) /16 mA (8 mA)
RO Register Output 285(100)/13.3(6.7) -5.7 mA(-2 mA)/8 mA (4 mA)
CP Clock Pulse 1.0/0.67 20 pA/-0.4 mA
SEI Serial Expansion Input 1.0/0.67 20 pA/-0.4 mA
RFB Register Feedback 1.0/0.67 20 pA/-0.4 mA
MR Master Reset 1.0/0.67 20 pA/-0.4 mA
P Preset 1.0/0.67 20 pA/-0.4 mA

Note 2: Open Collector

Functional Description

The 'F402 Serial Data Polynomial Generator/Checker is an
expandable 16-bit programmable device which operates on
serial data streams and provides a means of detecting trans-
mission errors. Cyclic encoding 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 (or residue) which is appended 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 di-
vision results in a zero remainder. Although it is possible to
choose many generating polynomials of a given degree,
standards exist that specify a small number of useful polyno-
mials. The 'F402 implements the polynomials listed in Table
1 by applying the appropriate logic levels to the select pins
So, 81, Sz and S;.

The 'F402 consists of a 16-bit register, a Read Only Memory
(ROM) and associated control circuitry as shown in the Block
Diagram. The polynomial control code presented at inputs

So, 81, Sz and 8; is decoded by the ROM, selecting the de-
sired polynomial or part of a polynomial by establishing shift
mode operation on the register with Exclusive OR (XOR)
gates at appropriate inputs. To generate the check bits, the
data stream is entered via the Data Inputs (D), using the
LOW-to-HIGH transition of the Clock Input (CP). This data is
gated with the most significant Register Output (RO) via the
Register Feedback Input (RFB), and controls the XOR
gates. The Check Word Generate (CWG) must be held
HIGH while the data is being entered. After the last data bit
is entered, the CWG is brought LOW and the check bits are
shifted out of the register(s) and appended to the data bits
(no external gating is needed).

To check an incoming message for errors, both the data and
check bits are entered through the D Input with the CWG In-
put held HIGH. The Error Output becomes valid after the last
check bit has been entered into the 'F402 by a
LOW-to-HIGH transition of CP, with the exception of the Eth-
ernet polynomial (see Applications paragraph). If no detect-
able errors have occurred during the data transmission, the
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Functional Description (continued)

1 The Ethernet residue selection, in which the registers
containing the non-zero residue are cleared;

resultant internal register bits are all LOW and the Error Out- 2 The 56th order polynomial, in which the 8 least signifi-

put (ER) is HIGH. If a detectable error has occurred, ER is

LOW. ER remains valid until the next LOW-to-HIGH transi- cleared; and,

tion of CP or until the device has been preset or reset.

3 Register S=0, in which all bits are cleared.

A HIGH on the Master Reset Input (MR) asynchronously
clears the entire register. A LOW on the Preset Input (P)
asynchronously sets the entire register with the exception of:

cant register bits of the least significant device are

TABLE 1.
Hex Select Code Polynomial Remarks
S, S, S, S,
0 L L L L 0 S=0
o] H H L L X321 X284 X231 X221 X184 Ethernet
D H H L H X2 X X0 XE X7 X XA X2 X+ 1 Polynomial
E H H H L XB2 X314 XP7 4 X0 X254 X 194 X161 Ethernet
F H H H H XIS X3 X 12X X O+ X7+ X X B XA+ X2+ X1 Residue
7 L H H H X164 X154 X241 CRC-16
B H L H H X184 X124 X5+1 CRC-CCITT
3 L L H H X564 XEEL X404 X8 X4 ¢
2 L L H L XBOL X8 X3 X304 X3+ 56th
4 L H L L XZ2X10 X T X Ee X 15 X 144 X120 X T4 X0+ Order
8 H L L L X5+ X+1
5 L H L H X481 X306, X35+
9 H L L H X24x20 4 48th
1 L L L H XIS X13 4 XE+ X241 Order
6 L H H L X324 X234 X2 ¢ 32nd
A H L H L X1 X241 Order
Block Diagram
Polynomial = | 54
Select | Sy ROM
CONTROL
Preset
Master Reset | a
MR P
Data D D/CW Data/Checkword
Checkword ____ | WG
Generate 16 BIT REGISTER
Register Feedback RFB
Setial Ihput == SE| RO = Register Qutput
CP
Clock ————1
w
ERROR oEAD
DETECTOR R ERROR
DS009635-5
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Block Diagram (continued)

TABLE 2.
Select Code P3 P, Py Py C, C, Co Polynomial
0 0 0 0 0 1 0 0 S=0
C 1 1 1 1 1 0 1 Ethernet
D 1 1 1 1 1 0 1 Polynomial
E 0 0 0 0 0 0 0 Ethernet
F 0 0 0 0 0 1 0 Residue
7 1 1 1 1 1 0 0 CRC-16
B 1 1 1 1 1 0 0 CRC-CCITT
3 1 1 1 1 1 0 0
2 1 1 1 1 1 0 0 56th
4 1 1 1 1 1 0 0 Order
8 0 0 1 1 1 0 0
5 1 1 1 1 1 0 0 48th
9 1 1 1 1 1 0 0 Order
1 1 1 1 1 1 0 0
6 1 1 1 1 1 0 0 32nd
A 1 1 1 1 1 0 0 Order
Applications

In addition to polynomial selection there are four other capa-
bilities provided for in the 'F402 ROM. The first is set or clear
selectability. The sixteen internal registers have the capabil-
ity to be either set or cleared when P is brought LOW. This
set or clear capability is done in four groups of 4 (see Table
2, Po—P3). The second ROM capability (C,) is in determining
the polarity of the check word. As is the case with the Ether-
net polynomial the check word can be inverted when it is ap-
pended to the data stream or as is the case with the other
polynomials, the residue is appended with no inversion.
Thirdly, the ROM contains a bit (C;) which is used to select
the RFB input instead of the SEI input to be fed into the LSB.
This is used when the polynomial selected is actually a resi-
due (least significant) stored in the ROM which indicates
whether the selected location is a polynomial or a residue. If
the latter, then it inhibits the RFB input.

As mentioned previously, upon a successful data transmis-
sion, the CRC register has a zero residue. There is an ex-
ception to this, however, with respect to the Ethernet polyno-
mial. This polynomial, upon a successful data transmission,
has a non-zero residue in the CRC register (C7 04 DD 7B),¢.
In order to provide a no-error indication, two ROM locations
have been preloaded with the residue so that by selecting
these locations and clocking the device one additional time,
after the last check bit has been entered, will result in zeroing
the CRC register. In this manner a no-error indication is
achieved.

With the present mix of polynomials, the largest is 56™ order
requiring four devices while the smallest is 16" order requir-
ing just one device. In order to accommodate multiplexing
between high order polynomials (X 16™ order) and lower or-
der polynomials, a location of all zeros is provided. This al-
lows the user to choose a lower order polynomial even if the
system is configured for a higher order one.

The 'F402 expandable CRC generator checker contains 6
popular CRC polynomials, 2-16'" Order, 2-32" Order, 1-48!"
Order and 1-56™ Order. The application diagram shows the
"F402 connected for a 56'" Order polynomial. Also shown are
the input patterns for other polynomials. When the 'F402 is
used with a gated clock, disabling the clock in a HIGH state
will ensure no erroneous clocking occurs when the clock is
re-enabled. Preset and Master Reset are asynchronous in-
puts presetting the register to S or clearing to 1s respectively
(note Ethemet residue and 56! Order select code 8, LSB,
are exceptions to this).

To generate a CRC, the pattern for the selected polynomial
is applied to the S inputs, the register is preset or cleared as
required, clock is enabled, CWG is set HIGH, data is applied
to D input, output data is on D/CW. When the last data bit
has been entered, CWG is set LOW and the register is
clocked for n bits (where n is the order of the polynomial).
The clock may now be stopped if desired (holding CWG
LOW and clocking the register will output zeros from D/CW
after the residue has been shifted out).

To check a CRC, the pattern for the selected polynomial is
applied to the S inputs, the register is preset or cleared as re-
quired, clock is enabled, CWG is set HIGH, the data stream
including the CRC is applied to D input. When the last bit of
the CRC has been entered, the ER output is checked:
HIGH=error free data, LOW=corrupt data. The clock may
now be stopped if desired.

To implement polynomials of lower order than 56™, select
the number of packages required for the order of polynomial
and apply the pattern for the selected polynomial to the S in-
puts (0000 on S inputs disables the package from the feed-
back chain).
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Applications (continued)

Error Output
Serial Data Out

Data/CRC

Serial Data
Clock
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Absolute Maximum Ratings (Note 3)

-65°C to +150°C
-55°C to +125°C
-55°C to +175°C

Storage Temperature
Ambient Temperature under Bias
Junction Temperature under Bias

Plastic -55°C to +150°C
Ve Pin Potential to
Ground Pin -0.5V to +7.0V

-0.5V to +7.0V
-30 mA to +5.0 mA

Input Voltage (Note 4)
Input Current (Note 4)
Voltage Applied to Output
in HIGH State (with V¢ = 0V)

in LOW State (Max) twice the rated I (MA)

Recommended Operating

Conditions
Free Air Ambient Temperature
Military -55°C to +125°C
Commercial 0°C to +70°C
Supply Voltage
Military +4.5V to +5.5V
Commercial +4.5V to +5.5V

Note 3: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under these

Standard Output ~0.5V o Vee conditions is not implied.
3-STATE Output -05Vio +5.5V Note 4: Either voltage limit or current limit is sufficient to protect inputs.
Current Applied to Output
DC Electrical Characteristics
Symbol Parameter 54F/74F Units Vee Conditions
Min Max
A Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min in=-18 mA
Vou Output HIGH 54F 10% Ve 24 lon = -2 mA (RO, D/CW)
Voltage 74F 10% Ve 24 \ Min lon = -5.7 mA (RO, D/CW)
74F 5% Ve 27 lon = -5.7 mA (RO, D/CW)
VoL Output LOW B54F 10% Voo 0.4 loL = 4 mA (D/CW, RO)
Voltage 54F 10% Vee 0.4 \' Min loL = 8 mA (ER)
74F 10% Veo 0.5 loL = 16 mA (ER)
74F 10% Ve 0.5 loL = 8 mA (D/CW, RO)
™ Input HIGH Current B54F 20.0 HA Max | Viy =27V
74F 5.0
IBvi Input HIGH Current B54F 100 HA Max | Viy=7.0V
Breakdown Test 74F 7.0
lcex Output HIGH B54F 250 HA Max | Vour = Vee
Leakage Current 74F 50
Vip Input Leakage 74F 4.75 \ 0.0 lp=1.9 pA
Test All Other Pins Grounded
lob Output Leakage 74F 3.75 HA 0.0 Viop = 150 mV
Circuit Current All Other Pins Grounded
I Input LOW Current -0.4 mA Max | V\y =05V
los Output Short-Circuit Current -20 -130 mA Max | Voyur = 0V (D/CW, RO)
lone Open Collector, Output 250 HA Min Vour = Vee (ER)
OFF Leakage Test
lee Power Supply Current 165 mA Max
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AC Electrical Characteristics

74F 54F 74F
Ta =+25°C Ta, Vee = Mil Ta, Vec = Com
Symbol Parameter Vee = +5.0V C_ =50 pF C_ =50 pF Units
C, =50 pF
Min Typ Max Min Max Min Max
frnax Maximum Clock Frequency 30 45 30 30 MHz
thLH Propagation Delay 8.5 15.0 19.0 75 26.5 75 21.0 ns
tPHL CP to D/CW 105 18.0 23.0 9.5 26.5 9.5 25.0
thLH Propagation Delay 8.0 13.5 17.0 7.0 26.0 7.0 19.0 ns
oy CP to RO 8.0 14.0 18.0 7.0 22.5 7.0 20.0
thLH Propagation Delay 16.5 26.0 33.0 14.0 38.5 14.0 35.0 ns
tPHL CP 1o ER 8.5 145 185 75 23.5 75 20.5
teLH Propagation Delay 11.0 185 235 10.0 31.0 10.0 25.5 ns
tPHL P to D/ICW 1156 195 245 10.5 32.0 10.5 26.5
thLH Propagation Delay 9.5 16.0 20.5 85 31.5 85 22.5 ns
P to RO
teLn Propagation Delay 10.0 17.0 215 9.0 26.0 9.0 235 ns
Pto ER
thLH Propagation Delay 10.5 18.0 23.0 9.5 29.0 9.5 25.5 ns
tPHL MR to D/CW 11.0 19.0 24.0 10.0 28.5 10.0 26.0
ey Propagation Delay 9.0 155 195 8.0 23.5 8.0 21.5 ns
MR to RO
tpLH Propagation Delay 16.5 28.0 355 145 39.0 14.5 375 ns
MR to ER
teLn Propagation Delay 6.0 105 135 5.0 19.5 5.0 15.0 ns
tPHL D to D/CW 7.5 12.0 16.0 6.5 20.0 6.5 18.0
tpLH Propagation Delay 6.5 11.0 14.0 5.5 21.5 5.5 16.5 ns
oy CWG to D/CW 7.0 12.0 155 6.0 21.5 6.0 17.5
thLH Propagation Delay 11.5 19.5 24.5 9.0 29.0 10.5 26.5 ns
tPHL S, to D/CW 9.5 16.0 20.0 8.5 25.0 8.5 22.0
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AC Operating Requirements

74F 54F 74F
Symbol Parameter Ta =+25°C Tas Vee = Mil Tas Ve = Com Units
Vee = +5.0V
Min Max Min Max Min Max
1:(H) Setup Time, HIGH or LOW 4.5 6.0 5.0
(L) SEl to CP 4.5 6.0 5.0
th(H) Hold Time, HIGH or LOW 0 1.0 0 ns
th(l) SEl to CP 0 1.0 0
1:(H) Setup Time, HIGH or LOW 11.0 14.0 12.5
(L) RFB to CP 11.0 14.0 12.5
th(H) Hold Time, HIGH or LOW 0 0 0 ns
th(l) RFB to CP 0 0 0
1:(H) Setup Time, HIGH or LOW 135 16.0 15.0
(L) S, to CP 13.0 15.5 14.5
th(H) Hold Time, HIGH or LOW 0 0 0 ns
th(l) S, to CP 0 0 0
1:(H) Setup Time, HIGH or LOW 9.0 11.5 10.0
(L) D to CP 9.0 11.5 10.0
th(H) Hold Time, HIGH or LOW 0 0 0 ns
th(l) D to CP 0 0 0
1:(H) Setup Time, HIGH or LOW 7.0 9.0 8.0
(L) CWG to CP 5.5 8.0 6.5
th(H) Hold Time, HIGH or LOW 0 0 ns
th(l) CWG to CP 0 0
tw(H) Clock Pulse Width 4.0 7.0 4.5 ns
1.(0) HIGH or LOW 4.0 5.0 45
tw(H) MR Pulse Width, HIGH 4.0 7.0 45 ns
1D P Pulse Width, LOW 4.0 5.0 45 ns
trec Recovery Time 3.0 4.0 3.5
MR to CP
trec Recovery Time 5.0 6.5 6.0 ns
PtoCP
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Ordering Information
fined as follows:

74F
Temperature Range Family 4—,_

74F =Commercial

The device number is used to form part of a simplified purchasing code where the package type and temperature range are de-

402 P

T— Special Variations
QB = Military grade device with

54F = Military environmental and burn-in
o :
Device Type processing
Temperature Range
Paskagep?aogi oIP C=Commercial (0°C to +70°C)
= i -
M= Military (—55°C to +125°C

D — Ceramic DIP litary ( 4

F = Flatpak

L = Leadless Chip Carrier (LCC)

DS009635-7

PhySical Dimensions inches (millimeters) unless otherwise noted

0.200 +0.005
(5.080 £0.127)
TYP

457 001520.010

» - *" {0.381-0.259)
0.350+0.008 0.015
‘¢—|a_agoig_203) 0.063-0.075 0381 ol v 0.007-0.011
1.600—1.905) ¢ —(0.178—0.279)
{ MIN TYP ) e
0.022-0.028
T {0559—0.711)
00770083 4 P
{1.959—2.362)
0.045-0.05 & |
A/ (1.143-1.397) D,
—DETAILA e .~ 0.067-0.083 ‘ | f 0.045—0.055
7 Tee=2.108) L s 3o
Top View Side View e Il TYP
£ 450 0.040£0.010
{1.016+0.254)
3PLCS
Bottom View
0003 0.015
D'Tm {0.381)
T MAX TP
0.022 & T
{0.559)— | |[*—— 0006
MAX TYP (0.152)
MIN TYP
Detail A

E2014 ¢FbY 0

20-Lead Ceramic Leadless Chip Carrier (L)
Package Number E20A
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PhySical Dimensions inches (milimeters) unless otherwise noted (Continued)

0.785
[19.94] MAX ——
16 ]
DA S D O AN A T
0.220-0.310
[5.59-7.87]
4
¢ 0.025 PRI NCEANP R NP R NP NP N |
[0.54] 1 : 0.005-0.020
R To.13-051] 'F
0.037 £0.005
0.005 > [ [o.94z0.13] TP (E%zgg-gj%]o_
; L 0.055+0.005 -37-8.1
[0.13] > I Tis0x03] TP GLASS SEALANT
fMIN TYP
[%a’é?-?@sw *
[5.08] SE=t H T (4 57 =
MAX TYP | i 0.010£0.002
T | H ¥ ” [0.25+0.05] TYp
0.125-0.200 1yp ] ot 40 | g50% 50
[3.18-5. gsgsw ‘/gomf 4 Pt
BO[TZHGEEN]DZAX_> T 0.01840.003 P310-0.410
|0.46 + 0.08] e [7.87-10.41] I J18a (REV L)
0.100£0.010 1yp
[2.54 £ 0.25]
16-Lead Ceramic Dual-In-Line Package (D)
Package Number J16A
X 0.740 - 0.780
{(18.80-19.81) 0090
2285)
[ia i3 [i1] 10 ﬂ INDEX
AREA
0. 75010 010
5350:0 {6.350£0.254)
PIN NO. 1 PIN NO. 1
pent— U1 (2] [3] 4] 151 161 [Z] 18] IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005 e
215020005 0060 4P 0:300-0.320 1.651)
| G0z .52y WP ’\ " OPTIONAL "‘ (7.620-8.128) i
0.145=0.200 I { \l
(3.683-5.080) § 1 _ !
95745 0.008=0.016
90°% 4° TYP o e 1P
(g ggg) MIN [ oz 7] {0.205-10.406)
0.125-0.150 0.030£0.015 (7.112)
(3.175-3.810) ! {0.762£0.381) MIN
0.014-0.025 0.100£0.010 +0.040
{0.356 - 0.584) 0.050£0 01?' (2.540£0.254) 0325_g015 N16E (REV F)
P 005020.010 TP +1.016
(1.27$ :Po.zslt) (8.255 _0'381)

16-Lead (0.300" Wide) Molded Plastic Dual-In-Line Package (P)
Package Number N16E

1
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PhySical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.050 —0.080 0371-03% |
{1.2702.032) " {9.423—9.906)
0.004—0.006 0.007 -0.018 | 0.050:£0.005
wiz—o5g " T wite—0asn | ™ ‘}‘_ =0z "
e 2| |—0.000 MIN TYP
0.250 - 0.370
{6.350—9.308)
i | _ v 1
A 6151413121110 9 A
‘ .
1 % 0.245-0.275
N A s (6.223  6.985)
= A . St SR ‘ 0.008 —0.012
DETAIL A—=! |21 > 11" {0.203—0.305)
L 4
PIN NO. 1 0.250-0.370
0.250-0.370 DETAIL A
IDENT (6.350 9.308)
Y
0.026—0.040 ‘J 0.015-0.019
7 =77 — - [ ————————
e0—1.015 " 0.381-0.282)
TYP WIRA (REY H)

16-Lead Ceramic Flatpak (F)
Package Number W16A

74F402 Serial Data Polynomial Generator/Checker

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys-
tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and (c) whose
failure to perform when properly used in accordance

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

Fairchild Semiconductor
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Tel: 1-888-522-5372
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Email:
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Tel: +852 2737-7200
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Japan Ltd.
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Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves the right at any time without notice to change said circuitry and specifications.




