45CF8 FINITE IMPULSE RESPONSE FILTER

Introduction

The NCR45CF8 Finite Impulse Response Filter
is a directly cascadable device which is designed for the
implementation of video speed FIR filters with either
linear or non-linear phase characteristics. Each chip con-
tains four 9 X8 parallel multipliers, along with adders
and delays to implement a four-stage general FIR filter.

A unique architecture allows the NCR45CF8 to
be cascaded to any number of stages in either the linear
or nonlinear phase modes. For example, a 24-tap filter
requires only three NCR45CF8 devices.

Multiple coefficients of each chip can be
changed during each clock cycle. Two's complement or
unsigned magnitude format is selected independently for
each coefficient and each data input. Input data is nine
bits and the coefficients are eight bits, with multiplica-
tion results rounded to 14 bits. The output is summed to
18 bits.

Two versions of the NCR45CF8 have been de-
signed to allow implementation of FIR digital filters with
both even and odd numbers of taps. In the linear phase
mode, port B is connected to port C, which wraps
around the partial sums. The NCR45CF8E (even) re-
peats the center coefficient while the NCR45CF80 (odd)
does not repeat the center coefficient.

General Description

The NCR45CF8 is a directly cascadabie finite
impulse response (FIR) filter chip designed for the im-
plementation of video speed FIR filters with either linear
or non-linear phase characteristics. Each chip contains
four 9 x8 parallel multipliers, along with adders and de-
lays, to implement either a four stage general FIR filter
(with non-symmetric coefficients) or an eight stage lin-
ear phase FIR filter (with symmetric coefficients). A
unique architecture allows the NCR45CF8 to be cas-
caded to any number of stages in either the linear or non-
linear phase modes. For example, a 24-tap linear phase
FIR filter requirs only three NCR45CF8 devices.

NCR Communications Products 04/88

For maximum versatility, one coefficient of
each chip can be changed during each clock cycle. Two's
complement or unsigned magnitude format is selected
independently for each coefficient and each data input.
Data inputs are nine bits and coefficients are eight bits.
Multiplication results are rounded to fourteen bits and
the output is summed to eighteen bits.

Features

* Directly cascadable with no external compo-
nents

¢ 14.5 Mhz throughput rate
® Linear or non-linear phase operation
® 4 stages per chip in non-linear phase mode
* 8 stages per chip in linear phase mode
¢ TTL compatible
¢ Low power CMOS
Applications
¢ Digital Video Filters
® 2-D Filtering
® Multi-bit Correlation

® Adaptive Filters
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NCR45CF8E Block Diagram

Xin(0-8)

s

D2/0 »

Coetf (0-7) »—

Cc2/i »———

2
Cadd (0-3) »—
CWE r

Clock m— 3»
Reset ——»

Port C {0-17}

NCR45CF80 Block Diagram

Port D (0-17)

Port A (0-17)

9
Xin(0-8) ,G;
D2y >

8
Coeft (0-7) I—p-

Caiy »——>

2
Cadd (0-1) o~
C'W>—-’—__>

Clock »——3»
Reset »——»

Port C (0-17)

Port 8 (0-17)

Two versions of the NCR45CFS8 are available.
This is to allow linear phase digital filters with either an
even or an odd number of taps to be implemented. In the
linear phase mode, port B is connected to port C to wrap

410

Port D (0-17)

Port A (0-17)

around the partial sums. The NCR45CF8E (even) re-
peats the center coefficient while the NCR45CF80 (odd)
does not repeat the center coefficient.
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Logic Diagram

Xin{0-8) —»

D20 it

Port C {(0-17)

Port B (0-17)

NCR45CF8

Coeft (0-7)
le— Cadd (0-1)
le— C2/U
le— TVWE

j=— Port O (0-17)

le— Port A (0-17)

1

Clock

PIN NAME
Data

D2V
Coeff
Cadd
c2/u
CWE

Port A, C
Port B, D

|

Reset

FUNCTION

Data Input

Data Format Select
Coefficient Input
Coefficient Tap Address
Coefficient Format Select
Coefficient Write Enable
Input Ports

Output Ports

NOTE: BIT 0 of the Input Ports, Output Ports, Data In-
put Bus and Coefficient Input Bus is the Least

Significant bit.

The individual coefficients and data values can
be input to the NCR45CFS8 in either unsigned magnitude
or two’s complement format. For coefficient input, the
C2/U input is held high for two’s complement and low
for unsigned magnitude format. For data value input, the
D2/U input is held high for two’s complement and low
for unsigned magnitude format. These control lines may
be changed independently for every clock cycle as a data
value or a coefficient is input. Coefficients are updated
by placing the new value on the coefficient input lines
with the appropriate tap address on the Cadd lines and
taking the CWE line low. One coefficient may be

NCR Communications Products 04/88

updated during each cycle. Coefficient storage is fully
static, so the coefficients can be loaded once and will re-
main stable as long as the power is on. A reset line is
provided to insure complete device initialization in a
known state. When the reset line is pulled low, all inter-
nal registers, including data and coefficient registers, are
initialized to zero. This assures proper filter output dur-
ing the first few cycles of operation when data has not
yet propagated the full length of the filter. A four cycle
latency exists from data input to sum output due to inter-
nal pipelining.
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The canonical FIR filter structure shown in fig- filter are implemented in each chip. In many instances, a

ure la is equivalent to the structure of figure 1b. The linear phase FIR filter is desired. Linear phase is
second structure has the advantage of regularity and is achieved by using coefficients which are symmetric
easily cascaded. When used with non-symmetric coeffi- about the center tap, or taps, of the filter. Figure 2 shows
cients, two NCR45CF8 chips will implement the struc- a linear phase filter.

ture shown in figure 1b. Four taps, or stages, of such a

Y

Figure 1a. Direct form (canonical) FIR filter structure.

Figure 1b. Equivalent FIR filter structure.

Figure 2. Linear phase FIR filter.
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A significant savings in hardware can be real-
ized by sharing the multipliers with the same coeffi-
cients. This reduces the number of multipliers required
for a length-N filter from N to N/2. A structure that

takes advantage of the symmetric coefficient characteris-
tic of the linear phase mode, while maintaining casca-
deability, is shown in figure 3.

Figure 3. Linear phase FIR architecture using N/2 multipliers.

The NCR45CF8 device can be used as a four
stage or tap, section of a FIR filter with arbitrary coeffi-
cients, such as previously shown in figure 1b. It can also
be used to implement eight stages, or taps, of a linear
phase FIR filter by externally connecting port B to port
C. Multiple NCR45CF8 devices can be cascaded in

either the linear or non-linear phase mode to create
longer filters. This is shown in figure 4. Any number of
NCR45CF8 devices can be cascaded electrically, but
caution must be exercised to scale the coefficients so that
overflow does not occur in the adder strings.

Figure 4. Cascading two NCR45CFS$ chips to form a length-16 linear phase FIR filter.

NCR Communications Products 04/88
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System requirements can dictate a filter design
to have either an odd or an even number of taps. For an
odd tap filter with non-symmetric coefficients, the
NCR45CFS8E can be used with the coefficient of the first
(leftmost) tap of the first (leftmost) chip set to zero. This
neutralizes the effect of that tap since it will produce a
zero product that will have no impact on the overall filter
output. Doing this effectively cuts one tap off the filter,
resulting in a filter with an odd number of taps.

Odd tap FIR filters with symmetric coefficients
are implemented with a unique (non-repeated) center co-
efficient. This structure is shown in figure 5. The
NCR45CF8E (even) is used for even tap filters and for
cascaded sections of odd tap filters, while the
NCR45CF80 (odd) is used for the leftmost device in an
odd tap linear phase filter. Figure 6 shows both devices
cascaded to form a 15-tap linear phase FIR filter. Note
that the leftmost device must be the odd tap version since
the center coefficient is not repeated in this filter.

NCR45CF80

NCR45CF8E

Figure 6. Cascading two NCR45CF8 chips to form a length-15 linear phase FIR filter.
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Interleaving for Higher Speed Operation

By interleaving two (or more) filters the effec- the four sections will cause a filter with 29 Mhz
tive data rate can be doubled. The 8-tap FIR filter of fig- throughput to result. Figure 9 shows the interleave oper-
ure 7 is limited to 14.5 Mhz operation. The same filter, ation. Essentially, this scheme doubles the filter
implemented in four sections using twice the hardware, throughput by distributing computation between two sets
is shown in figure 8. The proper addition of the output of of hardware.

Figure 7. Eight tap filter using two NCR45CF8 devices (non-linear phase mode 14.5 MHz data rate).

X {even)

Yag = Xoho
Yay = Xohy + Xp g

Ya Yag = Xghg +Xahy + Xg by

Yag = Xohy
Yo, = Xghg + X, h,

Yaz = Xghg + Xyhy + X, hy

YCO = X, hy
Yo, = Xy hy + Xghy

Y, = Xy hy + X3hy + X hy

YDO = Xy hy
Yo, = X by + Xy,

Yo, = Xy hg + X3hy + X5 b,

Figure 8. Four section equivalent FIR filter showing distribution of data and coefficients (14.5 MHz operation
within sections).
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FIR
Section A

X (even) FIR
| : I Section 8

FiR

X {odd)

FIR
Section D

Ya

Y (even)

Y (odd)

Yo = Xghg = Ya,
Yy =X hg + Xghy = Yo, + Yg,
Yo = Xy hy + X hy + Xghy = Ya, + Yo,

Yo = Xghg + Xyhy + X,hy + Xghy = Y, + Yp,

Figure 9. 29 MHz throughput interleaved FIR filter (14.5 MHz components).

Another application of the double throughput
system is for interpolating FIR filters. A filter like the
one shown in figure 10, where every other coefficient is
zero, is often desired. By distributing the computation

between two NCR45CFS8 filter sections, a 29 Mhz inter-
polating FIR filter can be constructed. Figure 11 shows
such a system.

Y (even)
————

Y {odd)

X
Figure 10. Interpolating FIR filter.
X (even) FIR
Section A
X
X (odd) FIR
° ] Section C

Figure 11. 29 MHz interpolating FIR filter using interleaved filter sections (14.5 MHz components).
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AC Characteristics over Recommended Operating Conditions

Symbol Parameter Min. Max. Units
tp clock period 69 ns
tph clock high time 29 ns
clock lot time 29 ns
t reset time 50 ns
ty reset pulse width 330 ns
L data hold time 125 ns
e data setup time 5 ns
bww coefficient write pulse width 125 ns
L coefficient address setup time 0 ns
tean coefficient address hold time 15 ns
s coefficient setup time 5 ns
tom coefficient hold time 12.5 ns
e coefficient write recovery time 25 ns
Bout clock to Port D valid 55 ns
ton clock to Port D invalid 20 ns
toout clock to Port B valid 55 ns
tan clock to Port B invalid 20 ns
tas Port A setup time 0 ns
tan Port A hold time 15 ns
tes Port C setup time 0 ns
ton Port C hold time 15 ns

ol
c
=2
< o
]
=a
S50
=
=a
=

S
=t
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Timing Diagram | - Coefficient Initialization Sequence

—_

L
)

I

|
I I
| I
| !
| I
I I
| I
I |

— - — | — — —]

B X XN BEN XK KKK

:
s§[

- YR R e YRS
te Yt
| | | I ——

xno8 4 VALID DATA j)( VALID DATA
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Timing Diagram I - Free Running Mode with Stable Coefficients

_(_‘\(—\{_—\m

] |
i G ,x X X X
|

4= toou —»] 1‘_'l°"
g A’L—w—m(..l. = >®L XX XX XRX

S D G 0 T . i i e e

This shows the filter in a free-running mode with coefficients already Ioaded and stable. Dout,| and Bout, are the first outputs using the Data,. Thus, a latency of four
cycles is present in this filter. Both CWE and RESET are assumed to be held high (inactive} in this mode The C2/U and Coeff (0-7) mpuls are don't cares.

P

Timing Diagram lll - Free Running Mode with Changing Coefficients

I t | | i
l 1 1 1 |
Xin(o-8) , L r— l
g Deta, x Dnu,m X n-u,,,, X omm X nmm m nm,,,,l X uun,', K a -t oata,,; Y Oat,
! | I

Cwe

Cadd0
Cadd1

e SR B, CEXE 0.0»33@.0.«.0.0,mp,.o.o.m TR

%
]

e

! 2§

Port 0 : X°°""" Y noun.n %X D"“'m Y DW' K""‘“‘ X e lmum X..,u.umx.‘.ummx.u?f;'.m ég
Pon B i g
' o

= By Y s X m,_, )(mn D& O = X mn.z ) P (e e

NCR Communications Products 04/88 419



Timing diagram III shows the latency effects on filter output from changing the coefficients while the filter is
running. One coefficient can be changed during each cycle. It should be noted that a four cycle latency exists between a
coefficient update and output data effected by the update. This latency is due to internal delays in the multipliers. The
sequence of the coefficient update is arbitrary and is controlled by the Cadd0 and Caddl lines. The M3, M2, M1, MO
notation on the Coeff(0-7) inputs and the Port B and Port D outputs shows how the output data is effected by this particu-
lar sequence of coefficient updates. It should also be noted that with this sequence of coefficient updates (M3, M2, M1,
MO0), Port D sees the effect on output one at a time, while Port B sees the effect all at once.

Timing Diagram IV - Input Port Timing

Timing diagram I'V shows the relationship of the Port B and Port D outputs to the filter inputs: Xin, Port A, and
Port C. Attime ty, Datan is input through Xin, while Ap, and Cpy, are input through Ports A anc C, respectively. The four
cycle latency discussed previously is evident since the Port B and D outputs do not depend on Datay, until ty 4-4. Ay and
Cm both experience a five cycle latency before contributing to the Port B and D outputs, respectively, at ty + 5. This dia-
gram shows a FIR filter used as a “non-end” chip in a cascaded, multi-chip linear phase configuration. If it was the lead
chip, Port A would be grounded. If it was the left end chip (Port B tied to Port C of the same NCRA45CF8E), then an input
Am at t would not contribute to the Port D output unitl ty 9.

tno&
| . [ | _\J_\_)__
S N e e e ,
. Y 3] | l A
o 4_)(l*o-e-n,' D 0 D S X
'r f 1 1 1 1 t
Port A i An X A,:“ X An:n»z X "viu X ‘mfu X Am}s X Amis K
t | } [ 1 } } 1

II I '°“zf ! . . ' .
Port C Cm cm‘ﬂ X leoz X clv;d X cm:u X cniﬁ x Cm:o
R } I )(

I | | | )

|
L 'l
Port D ! X oom(mfms)x Dout(n{:!.m-d) XDom(mé,ma) X Dout(n1,m2) X Doutin,m-1) onm(nihm) x oout(n»,imn)x
| | ! X '
}

[
4 e Il
X Boul(n-{mS)KBoul(ni.mﬂAX Boul(n-i;.ma) x Bout(n-ji.m-2) “ Bout({n,m-1) x Boul(nél,m) XBout{n+2;.mn)x
| [ i I

l 1

-

—_—
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Absolute Maximum Ratings

Supply Voltage, VDD ... .ovvvnn oo +7V Stresses above “‘absolute maximum ratings”
may result in damage to the device. Functional operation

Voltage on any pin with respect of devices at the “absolute maximum ratings” or above
toground ................ —0.3to VDD + 0.3V the recommended operation conditions stipulated else-

where in this specification is not implied.
Storage temperature . ............. —65°C to 150°C

Recommended Operating Conditions

Symbol Parameter Min. Max. Units
Voo Supply voltage 475 525 Volts
Vin Input high level voltage (All inputs except Input Ports) 20 Voo Volts
Vie" Input high level voltage, Parts A and C. 7 Vop Voo Volts
Vi Input low level voltage 0 08 Volts
Ta Operating ambient temperature [¢] 70 °C

*Port A and Port C use CMOS Input levels, all other pins use TTL levels.

Static Electrical Characteristics Over Recommended Operating Conditions

Symbol Parameter Condition Min. Max. Units
i Input leakage current Vin=0V to Vppmax 110 pA
lo Output leakage current Vo =04 to Vppmax +10 pA
Vou Output high voltage loy =4.0mA 24 Volts
Voo Output low voitage loL =40mA 08 Voits 2
Inp Supply current — Active Outputs Loaded 130 mA 2 o
Supply current — Standby Clock Inactive 10 mA 3
lsc Short circuit Output current + | One Output Shorted Z3
to ground or power 75 mA =T
5
(&)

1 Operating the device with Outputs Shorted to power or ground may result in permanent damage to the chip.

Capacitance TA = 25°C, f = 1 MHz

Symbol Parameter Condition Min. Max. Units

Cin Input capacitance All pins except pin 5 pF

Co Output capacitance under test are tied to 10 pF
ground
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Table of Pin Numbers vs. Signal Labels for Plastic Pin Grid Array Package

PIN # LABEL PIN # LABEL PIN # LABEL
A1 c1 1 c3 M1 B8

A2 c13 E2 c4 M2 BS
A3 Cl4 E12 D13 M3 B3

A4 c16 E13 D14 M4 Bt

A5 Xin5 F1 co M5 CWE
A6 Xin8 F2 Ct M6 c2/u
A7 D2/0 F3 c2 M7 Coefte
A8 Xin3 F11 D15 M8 Coeff3
A9 Xin0 F12 D16 M9 Coeff0o
A0 D1 F13 D17 M10 At6
ATt D3 G1 B17 M11 A13
A12 D5 G2 Reset M12 AN
A13 D7 G3 Vss M13 A10
B1 Cc9 G1t Vss N1 B6

B2 c10 G12 AD N2 84

B3 c12 G13 Clock N3 B2

B4 c15 H B16 N4 BO

B5 c17 H2 Bi5 N5 Caddo
B6 Xin? H3 B14 N6 Coeff7
B7 Xind H11 A3 N7 Coeffs
88 Xin2 H12 A2 N8 Coeftd
B9 Do H13 Al N9 Coeff1
B10 D2 J1 B13 N10 Al7
B11 D4 J2 B12 N1 A15
B12 D6 J12 A5 N12 Al4
B13 D9 J13 A4 N13 A12
Ci c7 K1 B

c2 cs K2 B1O

C3 K12 A7

c6 Xing K13 AB

(014 vdd U B9

cs Xint L2 B7

c12 D8 L6 Cadd1

c13 D10 L7 vdd

D1 Cs L8 Coeft2

D2 Cé L2 A9

D12 (3]l L13 A8

D13 D12

*** PIN NUMBER C3 is for ORIENTATION PURPOSES ONLY. This PIN is electrically floating.

NCR Communications Products
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Table of Signal Names vs. Pin Numbers for Plastic Pin Grid Array Package

SIGNAL SIGNAL SIGNAL SIGNAL
LABEL PIN # LABEL PIN # LABEL PIN # LABEL PIN #
AO G12 B7 L2 Cl4 A3 Coeft3 M8
Al H13 B8 M1 C15 B4 Coeff4 N8
A2 H12 B9 K] C16 A4 Coeffs N7
A3 H11 B10 K2 c17 BS Coeff6 M7
A4 J13 8N K1 Do B9 Coeff? N6
AS J12 B12 J2 D1 A10 Xin0 A9
A6 K13 B13 J1 D2 B10 Xin1 cs
A7 K12 B14 H3 D3 Att Xin2 B8
A8 L13 B15 H2 D4 BN Xind A8
A9 L12 B16 H1 D5 A12 Xind B7
A10 M13 B7 G1 D6 B12 Xin5 AS
Att M12 co F1 D7 A13 Xin6 cé
A12 N13 C1 F2 D8 c12 Xin? B6
A13 M1 c2 F3 D9 B13 Xin8 AB
A4 N12 c3 Et D10 c13 Caddo NS
At5 Nt (o7 E2 DN D12 Cadd1 L6
A16 M10 cs D1 D12 D13 ca1iy M6
A17 N10 cé D2 D13 E12 D2/U A7
BO N4 cr C1 D14 E13 CWE M5
81 M4 cs c2 D1s F11 Clockin G13
B2 N3 c9 B1 D16 F12 Reset G2
B3 M3 c10 B2 D17 F13 vdd c7
B4 N2 cn Al Coeft0 MS vdd L7
BS M2 c12 B3 Coeff1 N9 Vss G3
B6 N1 Cc13 A2 Coatf2 L8 Vss Gt
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Ceramic Pin Grid Array Package

Bottom View
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Table of Pin Numbers vs. Signal Labels for Ceramic Pin Grid Array Package

PIN # LABEL PIN # LABEL PIN # LABEL
At (03] E1 Xind )| Xin7
A2 D16 E2 Xin3 J2 ci2
A3 D17 €3 Xin2 J3 cs
A4 Clock E4 Xin1 Ja cs
AS Di4 ES Do Js5 co
A6 AD E6 A5 J6 B14
A7 Ad E7 A4 J7 B12
A8 A8 E8 Vdd J8 B11
A9 A12 E9 Coeff2 Jo B7
A10 A6 E10 Coeff1 J10 B6
a1 D7 F1 Xin5 K1 ci5
B2 D8 F2 Xin6 K2 cn
B3 D12 F3 Vdd K3 074
B4 D13 Fa c13 K4 c3
B5 D15 F5 Ca K5 Reset
86 Al F6 CWE K6 B13
B? A6 F7 Caddt K7 B17
B8 A9 F8 c2/U K8 816
B9 A13 Fo Coeft7 K9 B15
B10 Coeff3 F10 Coetf6 K10 810
Ci D3 G1 0210

c2 D4 G2 ci7

c3 D6 G3 Cl1a

ca D10 G4 co

c5 Vs G5 c2

cé A2 Gé6 B8

c7 A7 G7 B4

cs A1 G8 Bt

c9 A17 Go 80

Cc10 Coeff4 G10 Cadd0

D1 Xin0 H1 Xin8

D2 D1 H2 c16

D3 D2 H3 c10

D4 D5 H4 cé

DS D9 H5 c

D6 A3 Hé Vss

D7 AIQ H7 B9

D8 A15 H8 B85

D9 Coeffo H9 B3

D10 Coefts H10 B2
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NCR45CF8 Finite Impulse Response Filter
Table of Pin Numbers vs. Signal Labels for Ceramic Pin Grid Array Package

SIGNAL SIGNAL SIGNAL SIGNAL
LABEL PIN # LABEL PIN # LABEL PIN # LABEL PIN #
A0 A6 87 J9 C14 G3 Coeff3 B10
Al B6 B8 G6 C15 K1 Coeft4 C10
A2 Ce B9 H7 C16 H2 Coefts D10
A3 D6 B10 K10 c17 G2 Coeff6é F10
A4 A7 B11 J8 Do ES Coeft7 F9
A5 E6 B12 J7 D1 D2 Xin0 D1
A6 B7 B13 K& D2 D3 Xint E4
A7 (or4 B14 J6 D3 Cc1 Xin2 €3
A8 A8 B15 K9 D4 c2 Xin3 E2
A9 B8 Bt6 K8 D5 D4 Xin4 E1
A10 D7 B17 K7 D6 C3 Xin5 F1
AN [of:] Cco J5 D7 B1 Xin6 F2
A2 AS Cc1 H5 D8 B2 Xin7 J1
A13 B9 c2 G5 D9 D5 Xin8 H1
Al4 E7 C3 K4 D10 c4 Caddo G10
A15 D8 Cc4 F5 on Al Cadd1 F7
A16 A10 (01} J4 D12 B3 Cc2/0 F8
A7 ol:] Cé H4 D13 B4 D20 G1
BO G9 c? K3 D14 A5 CWE F6
B1 G8 cs J3 D15 85 Clock A4
82 H10 c9 G4 D16 A2 Reset K5
83 H9 C10 H3 D17 A3 Vdd E8
B4 G7 cn K2 CoeffO D9 Vdd F3
BS H8 c12 J2 Coefft E10 Vss cs
B6 J10 C13 F4 Coeff2 E9 Vss HBE o~
=4
o]
=5
AC Test Load Circuit =
==
=g
fen]
(&)
Vad
8200 CAUTION
OUTPUT 1. CMOS Devices are c!amaged by high
UNDER O— . energy electrostatic discharge. Devices
TEST _I_ must be stored in conductive foam or with
all pins shunted.

2. Remove power before insertion or removal
of this device.
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Application Notes

The ground pins (Vss) of the NCR45CF8 are
not connected internally. In all applications, both ground
pins must be connected externally to ground. We also
recommend connecting both power pins (Vdd) exter-
nally to power in all applications. The NCR45CF8 de-
vice is a high speed CMOS integrated circuit, which will
dissipate very little static power but will also consume

428

significant dynamic current. We recommend the use of
at least one 01.uf deglitching capacitor per NCR45CF8
chip to reduce switching noise on the system power
buss. To prevent ringing, care should be taken to follow
standard engineering practice for minimizing power and
ground lead inductance.
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