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NIPPON PRECISION CIRCUITS LTD.

SM5831F

Digital Filter for Video Signal Processors

OVERVIEW

The SM5831F is an FIR digital filter fabricated in
Molybdenum-gate CMOS for video signal proces-
SOTS.

The SMS831F processes 9-bit signal data using
mathematical blocks set by 8-bit coefficient data. It
comprises four 9 X 8-bit multipliers and eight
14-bit adders, enabling it to be configured as a
single-chip, asymmetrical 4-tap filter, or a sym-
metrical 7-tap or 8-tap filter. Several devices can be
cascaded to realize longer filters.

The filter coefficients are stored in four program-
mable registers. The maximum signal sampling fre-
quency is 15 MHz.

FEATURES

m Filter configuration

« Symmetrical 8-tap FIR filter (Mode I)

» Symmetrical 7-tap FIR filter (Mode II)

» Asymmetrical 4-tap FIR filter (Mode III)

» Devices can be cascaded for longer filters
® Data format

* 9-bit unsigned-magnitude or 2s-complement
input data
» 8-bit 2s-complement coefficient data
» 14-bit 2s-complement internal processing
® 15 MHz maximum sampling rate
® Arithmetic blocks

» Four 9 x 8-bit — 14-bit multipliers
» Four 8-bit coefficient registers
» Eight 14 + 14-bit — 14-bit adders
® Programmable coefficient registers
= 5 +0.5 V supply
® 64-pin QFP
® Molybdenum-gate CMOS process

APPLICATIONS

® Digital video

® One-dimensional and two-dimensional filtering
® Correlators

® Adaptive filters
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BLOCK DIAGRAM
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SM5831F

PIN DESCRIPTION

Number Name o Description
LET% | s w0 sns i Cascade sum inputs (SI0 is LSB, SI13 is MSB)
16 to 24 DI0 to DI8 i Signal data inputs (DIO is LSB, DI8 is MSB)
% 2SCN ip Sﬁ:ilg:;%?;lag:itlidfrws;nseklﬁgﬂ and 2s complement when LOW.
26 to 34 DO8 to DOO 0 Signal data outputs (DOO is LSB, DO8 is MSB)
iﬁ ° % | so13 10 500 0 Sum outputs (SO0 is LSB, SO13 is MSB)
51 MODN ip Filter type select. Symmetrical when HIGH and asymmetrical when LOW.
52 ODDN ip Symmetrical filter tap length select. Eight when HIGH and seven when LOW.
53 1o 60 Clo to CI7 i Coefficient data inputs (Cl0 is LSB, CI7 is MSB)
61 CWRN ip Coefficient write clock
62 CNT ip Coefficient write control signal
63 CRSTN ip Coefficient clock generator reset signal
64 CLK i Clock signal
A VsS Ground
% VDD
5 0.5 V supply
40 VbD2
Note

i = input, ip = input with pull-up resistance, o = output

SPECIFICATIONS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage range Voo 031070 v
input voltage range VIN -0.3 to Vpp + 0.3 \Y
Power dissipation Po 400 mW
Storage temperature range Tsyg —40 1o 125 deg. C
Soldering temperature Tsid 255 deg. C
Soldering time taid 10 s
Recommended Operating Conditions

Parameter Symbol Rating Unit
Supply voltage range Voo 45 to 55 v
Operating temperature range Topr —20 fo 70 deg. C

NIPPON PRECISION CIRCUITS—3



SM5831F

DC Electrical Characteristics \
T. = =20 to 70 deg. C, Vpop = 4.5 to 5.5 V, Vss = 0 V unless otherwise noted

Rating
Parameter Symbol Condition
min typ max

Vpp = 50 V,
Current consumption Ioo foik = 15 MHz, - - 70 mA

VIN(CLK) = 0.5 to 24 V
HIGH-level input voltage ViH See notes 1 and 2. 2.4 - - A
LOW-level input voltage ViL See notes 1 and 2. - - 05 v
HIGH-level output voltage Vo ISO:e ?;;‘03 mA. Vpp — 05 - - v
LOW-level output voltage VoL Isoée=n:£ :T A - - 0.4 v ‘
HIGH-level input leakage current Ity Vin = Voo. - - 1 A ;

See notes 1 and 2. ‘
LOW-level input leakage current It ViN = Vss. See note 1. - - 1 HA ‘
LOW-level input current I VIN = Vss. See note 2. - 10 20 pA
Notes

1. Pins SI0 to SI13, DIO to DI8, CIO to CI7 and CLK are TTL-level input pins.

2. Pins 2SCN, MODN, ODDN, CWRN, CNT and CRSTN are TTL-level inputs with pull-up resistances.

3. Pins DOO to DO8 and SO0 to SO13 are TTL-level outputs.

AC Electrical Characteristics i

T. =-20to 70 deg. C, Vop =45 10 55V, Vs =0V

) Rating !
Parameter Symbol Condition Unit 3
min typ max
Clock frequency folk See figure 1. 0.1 - 15 MHz
LOW-level clock pulsewidth tPwL See figure 1. 18 - - ns
HIGH-level clock pulsewidth tPWH See figure 1. 25 - - ns
See note 4. |
fs1 See figure 2. 15 - - ne }
Input setup time *
See note 5.
's2 See figure 3. 2 - N ns
See note 4.
thi See figure 2. 5 N - e |
Input hold time
| See note 5. 5 _ _ " ‘
H2 See figure 3. i
CRSTN clock pulsewidth PWR See figure 4. 25 - - ns :
CRSTN to CNT time tRN See figure 4. 0 - - ns
. See note 3.
Output delay time o See figure 5. 10 - 45 ns
. f=1 MHz
Input capacitance Cin See notes 1 and 2. - - 15 pF

Notes
1. Pins SIO to SI13, DIO to DI8, CIO to CI7 and CLK are TTL-level input pins.
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Sk wN

Output load circuit

Output
pin

Timing Diagrams

CLK 15V

tPwH tewL
1/tcik

Figure 1. Clock input waveform

Figure 2. Signal and sum input setup/hold tim-
ing

Y
CWRN 15V

CNT 15V

Clo to
15v
152 fe—thz

Figure 3. Coefficient input setup/hold timing

Pins 2SCN, MODN, ODDN, CWRN, CNT and CRSTN are TTL-level inputs with pull-up resistances.
Pins DOO to DO8 and SO0 to SO13 are TTL-level outputs.

Pins SIO to SI13, DIO to DI, 2CSN, MODN and ODDN are signal inputs.

Pins CIO to CI7, CNT and CWRN are coefficient inputs.

:LCL=4OpF

CASTN 4 15V

ONT 15V
tPwr —=1 tRN

Figure 4. Coefficient clock generator resct tim-
ing

cLK _T_\ﬂ 15V
DOO to
DO8 or 2'( X 15
SO0 to l'—‘

o

S013

Figure 5. Output delay timing
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SMS5831F

FUNCTIONAL DESCRIPTION

Filter Type Select

The SM5831F can be configured as a symmetrical
filter—with filter coefficients symmetrical about

the center tap—or an asymmetrical filter as shown
in the following table.

Mode MODN ODDN Filter configuration
| HIGH or open HIGH or open Symmetrical 8-tap FIR filter
I HIGH or open LOW Symmetrical 7-tap FIR filter
It Low HIGH or open Asymmetrical 4-tap FIR filter
Mode |

Flow diagram

Data -1 Data
input 4 output
Sum o Sum
input output

SO =K0 - DO+D7)+ K1l - Dl +D6 + K2 D2+ D5 + K3 (D3+ D4) + S0

Timing

1 2 3 4 5 6 7 8 9 10 1" 12
SV & VA VAV VEAVEAVEA VA VA NVAN & VAN

iﬁ;m 3<SI(—2)XSI(—|)X sio > st X siz X siz X s X sis X si6 X sz X sis X sig )C

Data 00 X ot o2 X3 )X e o5 X os X 07 8 X 09 X 1o X o1t X

~
m?tgﬁ; 3(0(—1))( po X b1 X b2 X 03 X 04 X 05 X 08 X b7 X 08 X D9 Xmo)c

\
Oligm 3@0 =] 1><so (=10 SO(—9)><SO(—6)><SO(—7)XSO(—6)><SO(—5)><SO(—4)><SO(-3)><SO(—2)><SO(—1 )X SO0 >C
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SM5831F

Mode I

Flow diagram

Data z- _o Data

input

output

o Sum
output

So0 = KO - (DO + D6) + K1 - (DI + D5) + K2 - (D2 + D4) + K3 - D3 + S;0

Timing

CLK

Sum
input

Data
input

Data
output

Sum
output

\1/ 2 3 4 5 6 7 8 9 10 " 12

D(su-z)Xsu-uX sio X st X si2 X 53 X sle X 815 X st6 X 817 X s X sl ><:

3<D0><D1XDZXDSXMXDSXD6><D7><DBXD9XD10XD11>C

~
Y -1 X Do X D1XDZXDSXD4><D5XD6XD7XDBXDQXD10>C

~_
5010508 3508 Y507 »50 61 )50 -5) )501-4) D503 5012 »501-1 X 500 X SO )C
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SM5831F

Mode il

Flow diagram

Data

Data -
input Z

S;0 = KO - DO + K1 -

Dt + K2 -D2+K3-D3+ S0

Timing

output

o Sum
output

1 2 3 4 5 6 7 8 9 10 1" 12
LK \//\/\/\/\/—\/\//\/\/\/\/\/\__

Iﬁ;m D(SI(—z)Xsu-nX sio M sit X siz X sz X si4 X sis X sls X si7 X sie X s )C

Pata X o0 X o1 X2 03 X 4 o5 > s X o7 X 08 X ps X p10 X o1 X

~
ot PO OO OT X oo X

OS;’J} D(SO(J)XSO(—G)XSO(—5)><SO(-4)><SO(—3)><SO(—2)><SO(&—SBB>< so1 ) s02 X sos X so4 )C

Signhal Data Format Select

The 9-bit input signal data format is determined by
the state of pin 2SCN.

2SCN Signal data format

HIGH or open Unsigned magnitude

Low 2s complement

Unsigned magnitude (with decimal point)

Decimal point

}

DI8 [DI7 | Dl6 | DIs | D4 | DI3 | DI2 | DI | DIO

o [0 (o8 [ o5 [p8 [o7 {58 [0

(MSB) (LSB)

2s complement (with decimal point)

Decimal point

\i
DI8 [DI7 | DI6 | DI5 | DI4 | DI3 | DI2 | DI | DIo
o™ |72 [, -5
(MSB) (LSB)

Coefficient Data Format

Coefficient data is in 8-bit 2s-complement format.

Decimal point

i
clz |cis [cis [cl4 [Cl3 [ciz [CIt [Clo

2% (27 |22 |20 [a* |25 |2 |27

(MSB) (LSB)
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SM5831F |

Multiplier Input/Output Data

The following figures show the relationship bet-
ween the input data, coefficient data and output
data.

Unsigned-magnitude input data

Decimal point

- X signal data {0 bits) ot [22 [ o4 [os [ [o7 [22 [~ ]
Y coeficient data (8 bits) [0 ]2 la2 ]2 o [o5 [ [ ]
é;zhrgl:)lg?gggfﬁding) I-2° |2-1 Iz-a 12-3 ]2—4 ]2—5 lz—e |2-7 Iz—a ]2-9 [2-1012—1112—12[2-13I2-14|2—1§[2-ﬁl
Mgltli)g:tlg output |_22 ] 2! I 20 |2—1 12—2 12-3 [2-4 [2-5 [2-4; [2-7 12-5 [2-9 12-1012—111
Ext?gsbiiczg)bits X« Y multiplier data (12 bits after rounding) ‘

2s-compiement input data

|
Decimal paint 1
I

i

(=3

27 a2 [ [o4 [0 [o5 [o7 o]

X signal data (9 bits) I-2 }
¥ coefficient data (8 bits) [20 27 [o2 [t [ot o5 [ [ ] |
(16 bt beros rounding P P P P P P Pl Pl Pl Pl P Pl PR P P BN
:\qgltli);;llée)r output 2 I 22 [ 21 J 20 12-1 12-2 12-3 ’2-4 [2-5 lz_s ]2_7 ]2_5 [2_9 12_1ol

Extension bits X« Y multiplier data (11 bits after rounding)

3 bits}

In both data formats, the five least-significant bits 14 bits. The multiplier output is in 14-bit, 2s-com-
from the multiplier output are rounded off. The  plement format.
multiplier output sign bit is extended to the total of

Adder Arithmetic Data Format

All internal arithmetic operations are performed
using 14-bit 2s-complement format.

Unsighed-maghnitude input data

Decimal point

{

Signal data (9 bits) 272

Mutiplier data (14 bits) =22 | 2' | 2°] 27272 [2= 2= [28 [ [27 [o8 [0 [o10[»"1]
Si13[s2[si11]5110] S | 518 | SI7 | Si6 | 515 | 514 | S [ Slz [ 1 | sio
2 1 20 -2 2—3 2—4 2—5 2—8 2—7 2—8 2—9 2—10 2—11

DB [DI7 |DI6 |DI5 |DI4 | DI3 | DI2 | D1 | DIO
2,3 54 [,8 [o8 [57 -9

2 277 |28 |2

Sumdata  (14bits) | 2% | 2 272

Overflow bits (Similarly for SO0 to SO13)

The range of the sum result before overflow is (—4
< SUM < 4 — 2719,

NIPPON PRECISION CIRCUITS—9




SM5831F

2s-complement input data

Decimal point

{

D18 | DI7 {Dis | DIS [ DI4 [ DI3 | DI2 { DI | DIO
Signal data R Pl P Pl Pl Pl Pl P
Muttiplier data [22] 22 21 ] 2° o[22 ]2 o[22 [ [27 ]2 ]2 [
S113]S112]S111]5110] S18 [ SI8 | 17 | Sl6 [ SI5 | Sk [ SB [ sl2 [ st [ sl
Sum data AP FAA sl Pl Pl Pl Pl Pl Pl Fad Fad Pl
Overflow bits (Similarly for SO0 1o SO13)
The range of the sum result before overflow is (=8
< SUM < 8 — 2719,
Coefficient Data Program
The four coefficient registers are written consecu- + Subsequent CWRN rising edges (points 2, 3, 4
tively using the CWRN write clock and CNT con- and 5) starts write operations to registers CLO,
trol signal. Sec the following figure. CL1, CL2 and CL3, respectively.
« The write counter is reset when a CWRN rising  * Writing to registers does not occur again until
edge occurs when CNT is HIGH (point 1). CNT goes from LOW to HIGH.

(:oeﬁiciemdalaS X Ko X Ky X Ka X K3 X S

Clo to CI7

Coefficiant write clock Ve
| 2 TN ¢ N s

CWRN

Control signal
CNT ____/——\

CLo S X Ko S

cL1 g X K1 43

Coelfficient
register
contents

Ko S

XL —

cL2 S

cla X Xs A
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SM5831F

Power-ON Intialization

The internal coefficient write clock generator must
be reset after power-ON by taking CRSTN LOW.
The following figures show just one example cir-
cuit that implements the reset function and it’s
related timing.

100 pF +5V
—

CRSTN

VvDD1
vDD2

SM5831F
CRSTN has internal pull-up

Vss

Cascade Connection

Two or more SMS831F ICs can be cascaded to
realize longer filters. In a cascade connection, the
sum outputs (SO0 to SO13) are connected to the
sum inputs (SI0 to SI13) of the next device.

Symmetrical filter cascade configuration

The center device in the filter chain is configured as
either a symmetrical 7-tap or 8-tap filter surrounded
by asymmetrical 4-tap filters.

&

cRSTN 1y [ d

CNT /—\ /_\

I First coefficient | Second coefficient

Power " Power ON 039 loading
ON reset< ims

Mode il Mode llI Mode | or Il Mode Il Mode Il

7-tap

Input

4tap -~ —| 4-tap or
8-tap

4tap =~ ~| 4tap |— Output

Asymmetrical filter cascade configuration

All devices are configured as asymmetrical 4-tap
filters.

L Symmetrical coefficients —1

Symmetrical coefficients

All mode it l

Input 4-tap -~ —| 4-tap 4-tap

4-tap - — —~| 4-tap —— Output

Filter Coefficient Limitations
The range of permissible filter coefficients is
-1<CG<1-270<isN-1)
where N is the number of filter taps.
The sum result range before overflow is
1. For unsigned-magnitude input data
CSUM <4 -27

2. For 2s-complement input data

C SUM <8 — 277
N-1
where C SUM = Y |C{
i=0

assuming that the magnitude of the input data is
less than one.
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SM5831F

Filter Tap Number Limitations

Multiplier output is rounded to 14 bits in each
stage, which generates quantization noise that
accumulates in the final stage. The quantization
noise generated by each multiplier stage is

1. For unsigned-magnitude input data

_ (2—11)2
Nov =3
2. For 2s-complement input data
_ (2—10)2
Nom = =3

and the quantization noise caused at the output by
rounding at the mth bit is
(2™?

12

Nqo =

For 9-bit unsigned-magnitude input data

Therefore, the maximum number of taps a filter can
have, Ng, before the internal quantization noise
exceeds the output noise is given by
Neo

N < Nom
The range of bits of the sum output word depends
on the gain of the filter. The output signal, there-
fore, should not exceed the maximum value
represented by the sclected bits.

The following two examples demostrate this limita-
tion.

SI13[8112Si11|SI10| SI9 | SI8 | SI7 | SI6 | SI5 | Sl4 | SI3 | SI12 | S | SI0
ﬂrllatlmssu)m data output 22| 21| 20| 2722 (273 [274 |28 278 [277 |28 |22 | 21| 2~""
1 1 1 | | 2-bit
i | | \ i 1 | y remainder
(Gain = 1) I | e 9-bit output ] 0 0 {
. 1 I | I |
. | L ki ) ) 3-bit
(Gain = 2) X 9-bit output | remainder "
1 | ] 1
{Gain = 4) - 9-bit output ol ——
Maximum gain Maximum number of taps
1 16
2 64
4 256
For 9-bit 2s-complement input data
s013j5012J50115010[s09 {08 [507 [506 [505 [S04 [S03 [S02]501 [S00
ﬂzatlmssu)m data output 23] 22 2t [ 29 [at {22 (28 |24 25 |28 [o7 22 [0 [o-10
1 .
i I I ! I ! I 2-bit
. i I I ! ) 1 | ) 1 femainder |
{(Gain=1) ) | | e S-bitoutput— 1 ] 0 1
! | | 1 I i abit |
n = i | [ _hi 1 1 »l -0l _J
(Gain=2) Lo 9-bit output T remainder |
1 ] 1 [ . 1
(Gain = 4) Lo 9-bit output e ren‘:ali)r:tder :
| I _bif '
(Gain = 8) f 9-bit output T rerr?ali)rlmtder 1

Maximum gain Maximum number of taps
1 16
2 64
4 256
8 1024

NIPPON PRECISION CIRCUITS—12



SM5831F

TYPICAL APPLICATION

15-tap Linear Phase Filter

Coefficient
data
bus

Input
signal
ata

15 MHz
{max) clock

Typical Filter Characteristic

20

30

Attenuation (dB)

40

50

60
0

/
| /8bit
7 L/L U
CiotoCI7 ClotoCI7 ClotoCI7
p Di0 ta DOO to . Di0to DOO to - Dl0 to
abtt X pis Dos | /obit ) pig DOs E Dis
QOutput
SO0 to p Si0to SO0 to - Sl0to SO0 to .
SO13 M si13 S013 M Si13 S013 33?'
CLK CLK CLK
o ! i f
(4-tap) (7-tap) (4-tap)

BN

\

V\/\/ \

~ N ”\\Yf

0.1

0.2

0.3 0.4 0.5

Normalized sampling frequency (fs)

NIPPON PRECISION CIRCUITS LTD. reserves the right to make changes to the products contained in this data sheet in order to improve the
design or performance and to supply the best possible products. Nippon Precision Circuits Lid. assumes no responsibility for the use of any circuits
shown in this data sheet, conveys no license under any patent or other rights, and makes no claim that the circuits are free from patent
infringement. Applications for any devices shown in this data sheet are for illustration only and Nippon Precision Circuits Ltd. makes no claim or
warranty that such applications will be suitable for the use specified without further testing or modification.

NPC

NIPPON PRECISION CIRCUITS LTD.

NIPPON PRECISION CIRCUITS LTD.

Shuwa Sakurabashi Building
5-4, Hachobori 4-chome
Chuo-ku, Tokyo 104, Japan
Telephone: 03-3555-7521
Facsimile: 03-3555-7528
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