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NIPPON PRECISION CIRCUITS LTD.

SM5834AG

General-purpose High-speed FIR Digital Filter

OVERVIEW

The SM5834AG is an FIR digital filter fabricated
in Molygate® CMOS for video signal processors.

The SM5834AG processes 10-bit signal data using
mathematical blocks set by 10-bit coefficient data.
It comprises six 10 x 10-bit multipliers and eleven
16-bit adders, enabling it to be configured as a
single-chip, asymmetrical 6-tap filter or a sym-
metrical 11-tap filter. Several devices can be cas-
caded to realize longer filters.

The filter coefficients are stored in six program-
mable registers which can be updated during nor-
mal operation. The maximum signal sampling
frequency is 25 MHz.

FEATURES

® Filter configuration

» Asymmetrical 6-tap FIR filter (Mode I)

¢ Symmetrical 11-tap FIR filter (Mode II)

* Devices can be cascaded for longer filters
M Data format

¢ 10-bit 2s-complement input data

« 10-bit 2s-complement coefficient data

¢ 16-bit 2s-complement internal processing
m 25 MHz maximum sampling rate
® Arithmetic blocks

Six 10 x 10-bit — 16-bit multipliers

Six 10-bit coefficient buffers

Six 10-bit coefficient registers

Eleven 16 + 16-bit — 16-bit adders

® 25 MHz throughput rate with fixed coefficients,
and 20 MHz with adaptive coefficients

m Cocfficient registers can be read.

m Two-tier coefficient registers for synchronized
update

® Support for 8-bit bus interface

B Overflow detect function

® TTL-compatible input/outputs

®m 5 +0.5 V supply

® 84-pin PGA (pin-grid array)

® Molygate® CMOS process

APPLICATIONS
= Digital VCR filters

PINOUT
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BLOCK DIAGRAM
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PIN DESCRIPTION

Number Pin Number Name o Description
1 B2 Dlo ip Signal data input bit 0 (LSB)
2 c2 DY ip Signal data input bit 1
3 B1 Di2 ip Signal data input bit 2
4 Ci Di3 ip Signal data input bit 8
5 D2 Di4 ip Signal data input bit 4
6 D1 DI5 ip Signal dala input bit 5
7 E3 Dle ip Signal data input bit 6
8 E2 DI7 ip Signal data input bit 7
9 E1 DI8 ip Signal data input bit 8
10 F2 DIg ip Signal data input bit 9 (MSB)
| F3 VSS1 Ground
12 G3 VD1 5 V supply
13 Gi D09 0 Signal data output bit 9 (MSB)
14 G2 D08 0 Signal data output bit 8
15 Fi DO7 o Signal data output bit 7
16 H1 D06 0 Signal data output bit 6
17 H2 DOs 0 Signal data output bit &

18 J D04 0 Signal data output bit 4
19 Ki DO3 0 Signal data output bit 3
20 2 DO2 o Signal data output bit 2
21 U NC No connection

2 K2 NC No connection

23 K3 NC No connection

24 L2 DOt ) Signal data output bit 1
25 L3 Doo o Signal data output bit 0 (LSB)
26 K4 5015 0 Sum oulput bit 15 (MSB)
27 L4 S0O14 0 Sum oufput bit 14

28 J5 5013 o Sum output bit 13

29 KS S012 0 Sum output bit 12

30 L5 SO11 0 Sum output bit 11

31 Ké S010 o} Sum output bit 10

2 J6 VS82 Ground

33 J7 VDD2 5 V supply

34 L7 lo) ) Sum output bit 9

35 K7 S08 0 Sum output bit 8

36 L6 807 0 Sum output bit 7
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Number Pin Number Name o Description
37 L8 S06 [ Sum output bit 6
38 K8 805 0 Sum output bit §
39 L9 S04 0 Sum output bit 4
40 L10 S03 o Sum output bit 3
41 K9 802 0 Sum output bit 2
42 L11 NC No connection
43 K10 801 0 Sum output bit 1
44 410 S0 ) Sum output bit 0 (LSB)
45 K11 OVF 0 Qverflow detect (active-HIGH)
46 Jn Slo ip Cascade sum input bit 0 (LSB)
47 Hto Sit ip Cascade sum input bit 1
48 H11 Si2 ip Cascade sum input bit 2
49 F10 LK) ip Cascade sum input bit 3
50 G10 Sl4 ip Cascade sum input bit 4
51 G11 Sls ip Cascado sum input bit 5
52 G9 Sie ip Cascade sum input bit 6
53 Fo 87 ip Cascade sum input bit 7
54 F11 VSS3 Ground
55 é11 VDD3 § V supply
56 E10 Sl8 ip Cascade sum input bit 8
57 E9 slg ip Cascade sum input bit 9
58 D11 Sio ip Cascade sum input bit 10
59 D10 Si1 ip Cascade sum input bit 11
60 c1l Sl12 ip Cascade sum input bit 12
61 B1i Sl13 ip Cascade sum input bit 13
62 cio Sli4 ip Cascade sum input bit 14
63 Al S5 ip Cascade sum input bit 15
64 B10 6TP i Tiuzp tas;;, ':;rgtt:'ec; Isi:?:it.e Gv;:; all-sg%metrical mode when HIGH and
65 B9 VSS4 Ground
66 A10 o] i Chip select
67 A9 RD i Coefficient read signal
68 B8 WR [ Coefficient write signal
69 A8 CsH ip Coefficient high-order byte select. High byle when C8H = HIGH
70 Bs A2 ip Coefficient register address bit 2
T B7 Al ip Cosfficient register address bit 1
72 A7 Ao ip Coefficient register address bit 0
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Number Pin Number Name o Description
73 c7 CLK i Clock input
74 Cé cle io Coefficient data inputfoutput bit 9 (MSB)
75 A6 (off:] io Coefficient data inputioutput bit 8
76 AS c7 io Coefficient data inputioutput bit 7
7 B5 Cle io Coefficient data inputfoutput bit 6
78 C5 Cls io Coefficient data input/output bit 5
79 Ad Cl4 io Coefficient data input/output bit 4
80 B4 Cia io Coefficient data input/output bit 3
81 A3 cl2 io Coefficient data inputioutput bit 2
82 A2 ci1 io Coefficient data input/output bit 1
83 B3 Clo io Coefficient data input/output bit 0 (LSB)
84 Al VDD4 § V supply

Note

i = input, ip = input with pull-down resistance, 0 = output, i0 = input/output
SPECIFICATIONS

Absolute Maximum Ratings

Vs =0V

Parameter Symbol Rating Unit
Supply voltage range Voo —03 to 7.0 v
Input voltage range Vin —0.3 to Vpp + 0.3 v
Power dissipation Pw 1.2 w
Storage temperature range Tey —40 to 125 deg. C
Soldering temperature Tsu 255 deg. C
Soldering time taid 10 s
Recommended Operating Conditions
Vss=0V

Parameter ' Symbol Rating Unit
Supply voltage range Voo 475 to 525 v
Operating temperature range Topr —20 o 70 deg. C
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DC Electrical Characteristics

Vopo = 475 t0 525 V, T, = 20 to 70 deg. C, Vss = 0 V unless otherwise noted

Rating
Parameter Symbol Condition Unit
min typ max
Standby current consumption Is VN=VpporOV - - 10.0 HA
’ ) Voo =5V, =25 MHz,
Operating current consumption Iop all oulputs open - - 200 mA
HIGH-level input voltage Vi See notes 1 and 2. 24 - - v
LOW-level input voltage ViL See nole 3. - - 0.5 v
lon = —0.4 mA. 25 _ _
See note 3. *
HIGH-level output voltage Von v
loy = —1.0 mA. 25 N _
See note 4. *
loL = 1.6 mA.
See nole 3. B - 0.4
LOW-level output voltage Vou v
loL = 4.0 mA. _ B 04
See note 4. )
HiGH-level input current Iy ViNn = Vpp. See nole 2. - 10 20 pA
HIGH-Level input leakage current I Vin = Vpp. See nole 1. - - 1.0 pA
! . Vn=0V. B _
LOW-level input leakage current I See notes 1 and 2. 1.0 HA
High-impedance HIGH-lsvel output ~ _
leakage curent lzw Vao = Vim, Vour = Voo - - 50 KA
High-impedance LOW-level output _ _
leakage current I VAo = Vi Vour = 0 V - - 50 KA

Notes

1. Pins CLK, RD, WR and CS are TTL-level inputs.

. Pins SI0 to S115, DIO to DI9, 6TP, C8H and A0 to A2 are TTL-level inputs with pull-down resistances.

2
3. Pins CI0 to CI9 are TTL-level input/outputs.
4. Pins SO0 to SO15, DOO to DO9, and OVF are TTL-level outputs.

AC Electrical Characteristics

Vop = 475 t0 525 V, T, = 20 to 70 deg. C, Vss = 0 V unless otherwise noted

Rating
Parameter Symbol Condition Unit
min typ max
Fixed coefficients 1 - 25
Clock frequency fok MHz
Adaptive coefficients 1 - 20
Clock LOW-level pulsewidth tewL 15 - - ns
Clock HIGH-level pulsewidth tPwh 15 - - ns
See figure 1.
Clock rise time & - - 100 ns
Clock fall time t ~ - 100 ns
DI0 to D19 data input setup time tsi 10 - - ns
See figure 2.
DIo to D9 data input hold time th1 5 - - ns
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Rating
Parameter Symbol Condition Unit
min typ max
S10 to SI15 sum input setup time ts2 10 - - ns
See figure 3.
SI0 to SI15 sum input hold time tHz 3 - - ns
?LK to DOn data output delay tro1 _ _ 25 ns
fme Seo figure 4. See note 5.
CLK to DOn data output hold time toht 8 - - ns
:i;rlr-ml: to SOn sum output delay ooz _ _ 27 ns
See figure 5. See note 5.
CLK to SOn sum output hold time fon2 8 - - ns
%}; to OVF overflow output delay — _ _ 25 ns
See figure 6. See note 5.
CLK to OVF overfiow output hold fona 8 _ _ ns
time
Write cycle time twe 50 - - ns
WR write clock pulsewidth trwe 25 - - ns
Clo to Cl9 coefficient data setup s 5 _ _ ns
time
(?IO to Cl9 coefficient data hold ha 15 _ _ ns
time
— See figure 7.
AG to A2 and CS address setup - 5 _ B ns
time
AO to A2 and CS address hold
time tha 5 - - ns
C8H high-byte setup time 1ss 15 - - ns
C8H high-byte hold time ths 15 - - ns
Read cycle time tre 100 - - ns
AO to A2 address access fime taa - - 80 ns
CS chip select access time tacs - - 80 ns
C8H high-byte access time taceH See figure 8. See nole 6. - - a0 ns
A0 to A2 coefficient output hold ohs 8 3 _ ns
time .
C8H coefficient output hold time foHs 8 - - ns
RD coefficient output enable, output N _
delay time (low impedance) loiz 8 ns
TS coefficient output enable, output
delay time (low impedance) towz See figure 8. See note 6. 8 - - ns
RD to Cln cosfficient output
enable, output delay time loe - - % ns
RD coefficient output disable,
output. delay time oz - - % ns
— See figure 8. See note 6.
CS coefficient output disable, output
delay time fenz - - 8 ns
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Rating
Parameter Symbol Condition Unit
min typ max

Input capacitance Cin ;91n°"tdel-slz'1 and 2. - - 10 pF
Input/oulput capacitance Co f=1 MHz, VRp = Vi - - 20 pF
Notes
1. Pins CLK, RD, WR and CS are TTL-level inputs.
2. Pins SIO to SI15, DIO to DI9, 6TP, C8H and A0 to A2 are TTL-level inputs with pull-down resistances.
3. Pins CIO to CI9 are TTL-level input/outputs.
4. Typical values are measured at Vpp = 5 V and T, = 25 deg. C
5. Measurement circuit 1

6. Measurement circuit 2

Timing Diagrams

Output

pin ©
ICL=20pF

Figure 3. Sum input timing

Figure 6. Overflow output timing
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Figure 7. Coefficient write timing

Note
RD should be held HIGH during the write cycle.
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Figure 8. Coefficient read timing

Note
WR should be held HIGH during the read cycle.

FUNCTIONAL DESCRIPTION

Filter Type Select

The SMS5834AG can be configured as a symmetri- Mode ¢TP Filter configuration
cal filter—with filter coefficients symmetrical about
the center tap—or an asymmetrical filter as shown
in the following table. i Low Symmetrical 11-tap FIR filter

| HIGH Asymmetrical 6-tap FIR filter
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Mode |

Flow diagram

Data _
ot (2]

SO(m) = SI(n) + Y, [Km x D(n + m)]

m=0

Timing diagram

ot ___ S sienysio st W52 Y58 Y s W55 Y56 X s X 56

inpﬂMm XDZXDSXMXDSXDGXD7X—D83<DQ 010 X

ot EED E O OO0 GO e

oy 00N E0e (507 350 WED = W50 B0 sm-aXsoH)R 500 %501 )

Mode 1l

Flow diagram

Data 1
input A

SO(n) = SI(n) + i [Km x D(n + m)] + i [Km x D + 10 — m)]
m=0

m=4
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Timing diagram

CLK 12 13 14 1§ 16

input X sica X siend s X sit X sz XX X s X sio X si X sz X stia X

po X o1 X2 X 08 X b4t X XDHXD12XD13XD14XD15>C

DI
input

outodt pe-n X b0 X bt X 02 X b8 X X p1o X D11 X pi2 X 13 X D14

\
omﬁg 3(80(—14 50(-13pX50(-12X50(-1X50 10 03 )50 5o X s00 X 01 >C

Signal Data and Coefficient Data Format

The filter input data, signal data output and coeffi-
cient input/output data all use the same 10-bit
2s-complement format.

28 pl number 28 complement number

DI9 | DI8 | DI7 | Di6 | DI5 | DI4 | DI3 | DI2 | DI | DIO Clo |CI8 |CI7 |Cls |CIs [Cl4 [CI3 |CI2 |CH | Clo

2%|27" {22 {28 (22 |28 {278 |27 |22 | 2 |=——Decimat point —=|-29,[ 2= |22 {23 [2~4 [ [28 |27 [2® [2—®

2% 128 |27 |2° [2% |2% [2° |22 2! |2% Integer 2% |28 |27 [2°% 25 2% |2® |22 |2' |2°.

(MSB) (LSB) (MSB) (LSB)
Signal data Coefficient data

Multiplier Input/Output Data

The multipliers multiply 10-bit signal data by  between the input data, coefficient data and output
10-bit coefficient data to produce a 16-bit internal  data.
result. The following figures show the relationship

Decimal point
X signal data [-20 2122 [2-0 |2 28 [0 [27 [ |20 ]
Y cosfficiert data - [-2° |27 22 [o0 [o4 [25 [26 [o7 [22 |20 |
{19 bt botore rounding) [2° .27![22 [2= [o~# [25 [ 2 [27 [ 28 2@ [o- 10211212 22~ #]2- 5] 1o 217 2]
Multiplier output [ 22 2' | 2° [.2-"]2-2 [22 [o~4 [25 [2=6 [27 [2® [2=® [2—19]2-11]2-12] 2]
N\ A\ /
Extension bits XY multiplier data (14 bits after rounding)

(2 bits)

The five least-significant bits from the multiplier ~ will occur and an incorrect result will be produced.
output are rounded off. The multiplier output sign  Accordingly, do not set any coefficients to —1.
bit is extended into the extended-precision bits.

Note

If both the signal data and coefficient data are set to
-1 (the maximum negative value), then an overflow

NIPPON PRECISION CIRCUITS—11
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Adder Arithmetic Data Format

All intemmal arithmetic operations are performed
using 16-bit 2s-complement format.

Decimal point

{

Dig [Di8 | DI7 | D6 | DI5 | D& | DI3 | DI2 | DI1 | DI
Signal data (10 bits) =20 [[2-1122 |23 [24 |25 (26 | 2-7 (28 | 2@
Mutiplerdata (16 bits) [-22 | 21 [ 29 [ 2-1[2-2 [22 24 J25 [2-8 [2—7 [2=® [2=® [2-10[2-11[ 212 2-19]
SH5[SH4[SH3[SH2[SH1[SHO[ S | SIB [ SI7 | S16 | SIE | S4 | SIB | Si2 [ SN | 510
Sum data (16bits) |-22 | 21| 20 | 21|22 |28 |24 |2-8 |28 [2-7 | 278 [2-@ [ 2-10} p~11] -12]| 2-13
N~
Overflow bits {Similarly for SO0 to SO15)

The range of the sum result before overflow is (—4
< SUM < 4 — 2-13)

Overflow Detect Function (OVF)

If an overflow occurs in any of the adders, the OVF
output flag goes HIGH. All adder overflow outputs
are ORed synchronously, so the OVF flag does not
necessarily go HIGH at the same time as the sum
output resulting from the erroneous data. The cor-
responding sum output can be any of the six (in

asymmetric filter mode) or eleven (in symmetric
filter mode) outputs, starting from the one that was
output immediately before OVF went HIGH. The
shaded regions indicate the outputs that could be in
€rror.

—< ] ck
L ] etP
From adder |_
ovo OVF: 6-tap
to : : MUX|— Lt———-o > oVF
ovio P OVF: e

L =iatch

Figure 9. Overflow processor block diagram

CLK 1 2 3

OVF
output

Figure 10. OVF and sum output relation
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Programming Coefficient Data

The SMS5834AG ecmploys a buffered coefficient
register architecture to enable simultaneous update
of all coefficients. This enables smooth frequency
response changes in applications such as adaptive
filters. Changing the filter coefficients thus involves
two steps: writing to the coefficient buffers, and
updating the coefficient registers with the buffer
contents.

ciotoche € J— I L7
WRHi - RO
WAL b CBUFl}

0L

CLK

(i=0105)

| Multiplier MPYi I
Figure 11. Coefficient bus interface

Writing to the coefficient buffer

To write to the coefficient buffers, the address lines
AQ to A2 are first used to select one of the six
buffers, CBUF0 to CBUF5. The CS and WR
strobes are then used to write the data on CO to C9
into the selected buffer. C8H should be kept LOW
during this time.

A0

- X X
SO ON XX
CeH X )C
Y S

Figure 12, Coefficient write

Reading from the coefficient buffer

To read from the coefficient buffers, AO to A2 are
used to select one of the six buffers, then the CS
and WR strobes are used to read data from the
selected buffer. C8H should be kept LOW during
this time.

Note that it is the coefficient buffers which are
read, not the coefficient registers.

w X X

s XN AXX
ceH X )4

:: [cBUF dara/

oh

Cla

Figure 13. Coefficient read

Updating Coefficient registers

To update a register, AO to A2 are all set HIGH and
then a coefficient write cycle is performed. This
simultaneously updates all coefficient registers with
the values in the corresponding buffers. At least
two clock cycles must elapse before the registers
can be updated again.

Table 1. Coefficient buffer addresses

A2 Al A0 Selected registor or operation
Low Low Low CBUFO

Low Low HIGH CBUF1

Low HIGH Low CBUFR2

Low HIGH HIGH CBUF3

HIGH Low Low CBUF4

HIGH Low HIGH CBUF5

HIGH HIGH HIGH Updale coefficient registers

NIPPON PRECISION CIRCUITS—13
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Coefficient high-byte select function

The C8H pin allows the SM5834AG to be con-
nected to an 8-bit bus. When C8H is HIGH, the
two least-significant bits of the coefficient
input/output bus (CI0 and CI1) correspond to the
top two bits of the buffer data (CB8 and CB9).
Note that on a buffer read, CB9 is extended into
bits 2 through 7 of the output data (CI2 to CI7).

Table 2. Writing to the coefficient buffer high-order
byte (C8H = HIGH)

CBUF bit CBUF data
CB9 ci
CBs Clo

CB? 1o CBoO Can't write

Table 3. Reading from the cosfficient buffer high-
order byte (C8H = HIGH)

Cl bit Cl output data
Clo CB9
Cls CBs
Cl7 to CI2 CcB9
ch cBe
Clo CBs

8-bit bus read/write

Writing to (or reading from) the coefficient buffer
when connected to an 8-bit bus is simply a matter
of performing two consecutive writes (or reads),
changing the level on the C8H pin between read or
write strobes. Figures 14 and 15 illustrate the tim-
ing of this process.

In this example, the data read or written is 3FCH.
Note the output value of FFH when the high byte is
read, due to extension of bit 9 into the output word.

Casade Connection

Two or more SM5834AGs can be cascaded to
realize longer filters. For cascade connection, the
sum outputs (SO0 to SO15) of each device are
connected to the sum inputs (SI0 to SI15) of the
next device. Similarly, the data outputs (DOO to
DQO9) of each device are connected to the data
inputs (DIO to DI9) of the next device. The coeffi-

}:3( X
& X0 XX

3l

Cci7

o — R X {w>
Clo
8-bit
bus

CBo

CB9

Figure 14. Coefficient write to 8-bit bus

% X X
& XXM AXX

cz

B-bit
bus

Figure 15. Coefficient read from 8-bit bus

cients of each device are programmed by connect-
ing each CS input to individual chip select lines.

Symmetrical filter configuration

The center device in the chain in configured as a
symmetrical 11-tap filter, and the remainder as
asymmetrical 6-tap filters.
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Mode | Mode | Mode Il Mode | Mode )
Input —— 64ap |- ——| 6-+ap 64ap 6tap | ——| 6tap — Output
L Symmetrical coefficients —t

Asymmetrical filter configuration

All devices are configured as asymmetrical 6-tap
filters.

Symmetrical coeflicients

l All mode | l

Input —— 6tap [~ -~ ~| 6-tap 6-tap

6lap -——| 6tap [~ Output

Filter Coefficient Limitations

Although each adder has two extended-precision
bits to allow for an increase in gain, the possibility
of overflow in the adders increases for longer fil-
ters.

The range of permissible filter coefficients is
-1<Ci<1-220<i<N-1)

where N is the number of filter taps.

Filter Tap Number Limitations

Multiplier output is rounded to 16 bits in each
stage, which generates quantization noise that
accumulates in the final stage. The quantization
noise generated by each multiplier stage is

B (2—13)2
Nov = 3

and the quantization noise caused at the output by
rounding at the mth bit is

The sum result range before overflow is

N-1
Dux x Y, IC] < 4 - 2713
i=0

assuming that the magnitude of the input data is
IDy < Dpax (where Dpax < 1)

Filter coefficients should be determined so that no
overflow can occur at the frequency at which the
filter gain is maximum. Overflow may still occur
on rare occasions, but these can be detected by
monitoring the OVF pin.

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

_(2mp represented by the selected bits.
Neo = 3
SO15[5014]50136012[50115010] SO8 308 [S07 | S06 [S05 | S04 [S03 [S02 [SOT | S00
ﬂgallmssl;m data output _22| 2t I 20 |.2-1|2-2 ]24 24 [25 [ 276 [ 27 | 28 [ 20 [ 2-10] o-11] 5-12[ 5-13
1 t
b oL 4 '
o | 1 | - ! | [} 1 = |
(Gain=1) | b j¢———————— Standardized 10-bit output T 1 - remainder q
| [} I 1 y i
= . ; 5-bit
(Gain=2) : le——— Standardized 10-bit output : 4 remainder :
] 1 i 1
(Gain = 4) fe—— Standardized 10-bit output " L —
Maximum gain Maximum number of taps
1 256
2 1024
4 4096
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TYPICAL APPLICATION

23-tap Linear Phase Filter

C 10,
b < 7]
C i
wddress bus D 7
WA [>—
RO [ >
cen [ >
css [
os2 [ >
ost D—l
'CS WR RD CHa A0 Ci0 TS WR RD CHB A0 CiO 'CS WR RD CHB A0 Cio
) to o to
A2 clo A2 C9 A2 Cig
input 10 DI0 DOO | 10 D0 DOO | 10 Dio DOOo
d >—F— to o [+ o o [/ » to
4 Di9 Do9 1) 0o% Di9 Do9
S0 SM5834AG s00 | 16, | si0 SM5834AG s00 | 46, | si0 SM5834AG 500 16 output
to to 1o © o to f—rF— > signal
sl so015 LN 8015 sis 8015 data
OVF |— OVF [— OVF
eTP 6TP eTP
o A
L% B3
lock
(5MHz [ > OVF2 Overfiow
max.) dstection
OVF1 signal
(Modea |, 6-tep) (Mode H, 11-tap) (Modo 1, 8-tap)
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