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Introduction

Many signal processing applications require a filter which
can extract a narrow signal band from a wide band input.
Satellite terminals, transmultiplexers, ultrasound equipment
and spectrum analyzers are just a few examples.
Traditionally this operation has been performed using analog
electronics in the receiver front end which down converts the
signal of interest to base band (0Hz) and filters out all other
signals. The result is digitized by an A/D Converter operating
at a low sample rate. The digitized data drives a DSP
microprocessor, which extracts the information from the
resulting signal. In this scenario, however, the maximum
benefit of DSP is not being realized, since the nonlinear
phase, drift and other problems of the analog circuitry are
still present. Minimizing the amount of analog electronics by
replacing them with DSP hardware alleviates these
problems, but is not practical for all applications due to the
throughput limitation of the microprocessor. This problem
often cannot be solved merely by inserting a high speed A/D
converter into the signal processing chain and replacing the
downstream analog electronics with their digital
counterparts. To extract a narrow band signal with such a
brute force solution would often require an FIR filter with a
thousand coefficients or more. A much better solution is to
use several cascaded digital filter stages such that each
stage partially filters and decimates the data, thus reducing
the data rate and the subsequent processing speed required
by each succeeding stage.

The Intersil HSP43220 is a two stage Decimating Digital filter
or OOF. It is designed for applications requiring a high input
sample rate and a low output rate (see Figure 1). The first
stage performs the initial filtering and reduces the sample
rate (decimates) by a factor of up to 1024. For this reason, it
is called the High Order Decimation Filter, or HDF. The
second stage is a sum of products FIR filter which provides
the final spectral shaping and some additional decimation.
The combination of the two results in a very narrow band low
pass filter. A more complete description of the part can be
found in the data sheet.

While the DDF is very efficient in this application, some
difficulty arises when the application requires knowledge of
the internal operation of the filter. The HDF is implemented
using a set of registers with a “one out of N counter”
controlling the Decimation Register. The FIR is implemented
using dual port RAM for the data and coefficient memory. This
architecture creates two subtle issues related to the relative
start-up times of the state machines that drive the HDF and
FIR. The first relates to the number of input samples required
to produce an output sample, and the second relates to the
input to output delay in the steady state condition. This
Application Note will treat only the first case; DECIMATE™
can be used to resolve these issues on an experimental basis.
This Application Note will allow the user to calculate the
necessary pipeline delays on an empirical basis.
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FIGURE 1. BLOCK DIAGRAM OF HSP43220 DECIMATING DIGITAL FILTER
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Predicting Data Throughput In The
Intersil HSP43220

This Application Note provides a way to predict:

1. The number of “invalid” (aka “transient”) data points that will
emerge from the DDF (in “DATA_RDY” cycles) from the
time the DDF is started and “valid” data points are applied
to the input (in “CK_IN" cycles), for a given configuration of
the device.

2. The minimum number of data points required at the input of
the DDF (in “CK_IN” cycles) in order to result in a desired
number of “valid” data points out of the DDF (in “DATA_RDY”
cycles) for a given configuration of the device.

3. Foran application where sampled data is “windowed” to the
DDF, the exact number of input data points (in “CK_IN"
cycles) required in order to generate a required number of
data points out of the DDF (in “DATA_RDY” cycles) and to
keep both decimation counters aligned (in phase) from one
window to the next.

NOTE: In order to get DECIMATE to compile ANY filter specification,
the ratio of the Input Sample Rate to the Output Rate MUST be an
integer in the range of 1 to 16384 (the total decimation capability of the
device). In this example the Input Rate is entered as 2000004Hz and
the Output Rate as 166667Hz in order to satisfy this rule.
(2000004/166667 = 12 = Hpgc X Fpeg). In order to determine the
pipeline delays through the HSP43220 only four parameters need to be
considered:

1. The HDF decimation factor (Hpgc)-
2. The FIR decimation factor (Fpgc)-

3. The number of taps that the FIR is programmed to implement.

4. The ratio of CK_IN to FIR_CK.

Calculating The Number Of Transient Data
Points

The DDF will output transient data until the following two
conditions are met: (1) the HDF Section pipelines are filled,
resulting in the HDF outputting “valid” data points to the FIR; (2) all
taps in the FIR are filled with “valid” data. See Table 1 and Figure
2.

In the HDF the input data must first propagate through the Data
Input Register and the five registers in the HDF Integrator
Section (which takes six input points). It then must propagate
through both the HDF Decimation Register and the HDF
Output Register (which takes 2 x Hpgc more input points,
since these two registers are clocked at the HDF decimated
rate via “CK_DEC”) before it enters the FIR Section. The First
“valid” data point, therefore, doesn’t enter the FIR’s tapped
pipeline until the [6 + 2(Hpgc)] input point is applied.

Note that the five Comb Filter Registers don’t contribute to the HDF
pipeline delay since they always contain a “prior” value, which is
subtracted from a “current” value. This difference always “falls
through” the comb filter after each “CK_DEC” cycle.

Caveat 1
» All examples in this Application Note assume that the
DDF has already been put in “operational mode”, that is,
the device has previously been “started” by the assertion
of “STARTIN” in conjunction with two “CK_IN" pulses
according to the Start Timing Diagram in the Timing
Waveforms Section of the HSP43220 Data Sheet.

» Important Point the DDF does not process any data
until the 3rd “CK_IN" after “STARTIN”.

Reference to the HDF Timing Diagram of Figure 2 may be
helpful during the following discussions:

Since the FIR filter is implemented using a conventional “sum-
of-products” architecture, the first “valid” output point will
emerge from the DDF only after all 91 taps in the FIR pipeline
are filled with “valid” input points and the FIR runs its
calculation. Note that the FIR Section performs decimation by
only running the “sum-of-products” calculation when required.
In this example, the FIR only runs after every sixth point (Fpgc
= 6) that is passed to it from the HDF Section. It is important to
remember, however, that every point that emerges from the
HDF Section enters the FIRs tapped pipeline and can
contribute to the result.

Given all this, then, it is a simple matter to calculate when the
1st “valid” point will emerge from the DDF. It will take (TAPS) x
(Hpec) input points to completely fill the FIR with “valid” data.
We also determined that the 1st “valid” point doesn't enter the
FIR until the [6 + 2(Hpgc)] input point is applied and that the
FIR only runs its calculation every (Hpgc) x (Fpec) input
points. Therefore, the number of transient data points out of the
DDF is given by:

DATA

(TAPS x Hpgo) + 6+ (2 HDEC)W
Hpec *Fpec

TRAN ~ {

where[ x| means round x up to the next integer. It follows that
the first valid data point is DATATRaN * 1. Using our example,
the first “valid” point out of the DDF is:

DATA

+1 = (91X2)+6+(2X2)~‘+1 - 17
TRAN ’V 5%6

and the previous 16 are the “invalid” or “transient” points that
occur as the FIRs tapped pipeline is purged of data that was
resident prior to the “valid” data points.
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Predicting Data Throughput In The
Intersil HSP43220

Predicting Output Data
TABLE 1. EXAMPLE OF A DECIMATE™ FILTER DESIGN

SCREEN
HSP 43220 DDF FILTER SPECIFICATION

Filter File 41K666.DDF

Input Sample Rate 2MHz Design Mode Manual

Output Rate 166.67kHz | Generate Report Yes

Passband 41.666kHz | Display Response Log

Transition Band 41.666kHz | Save Frequency No
Responses

Passband Atten 0.20dB Save FIR No
Response

Stop Band Atten 80dB

HDF Decimation 2

HDF Order 3

FIR Type PRECOMP
FIR Input Rate 1MHz
FIR Clock (Min) 10MHz

HDF Scale Factor 1 FIR Order 91
FIR Decimation 6

CK_IN _f_\_ﬁ\_f

LA

Calculating the Number of Input Points
Required

The number of input points required to generate a given number
of output points is a function of two variables: (1) the number of
input points required to fill the HDF and FIR pipelines which
simultaneously purges the pipeline of any “invalid” or “transient”
data; (2) the subsequent number of points required to generate N
output samples. There are two types of systems to consider,
which will be called type A and type B.

For type A systems, CK_IN stops after the minimum number of
inputs is given and FIR_CK continues to run. The number of input
points is given as POINTS, which is defined below. The position of
the final output sample relative to the last input sample that
resulted in the FIR running the calculation can also be determined
using the equation for DELAYg|R given below.

For type B systems, CK_IN and FIR_CK run continuously; the
number of input points is calculated by the number of input
samples required to satisfy condition 1 above and the number of
inputs that are incidentally input during FIR calculation. It is
assumed that an answer given entirely in CK_IN cycles would
be of more use than an answer comprised of CK_IN and
FIR_CK cycles.
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WHERE:

DELAYp g = {MZ&J +8+

“DELAYER” IS MEASURED IN FIR_CK CYCLES

“TAPS” IS THE NUMBER OF TAPS IN THE FIR SECTION

“M” IS THE RATIO: FIR_CK

CK N 'DEC

“Hpgc” IS THE HDF DECIMATION RATE
[X] INDICATES THAT X IS ROUNDED DOWN TO THE NEXT INTEGER
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FIGURE 2. HDF TIMING DIAGRAM
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In the example referring to the HDF Timing Diagram of Figure 2,
the very first “valid” input point doesn't enter the FIR’s tapped
pipeline until the 10th input point is clocked in (10 =6 + 2 x
Hpec)- The 10th “CK_IN” cycle, however, does not coincide with
the FIR running a calculation since the FIR's decimation counter
is still one count away from its terminal count. Remember that this
counter began its first decimation cycle following the 2nd input
point and that it is being clocked at the HDF decimation rate by
“CK_DEC". Therefore, the FIR decimation counter will reach its
terminal count after 12 more input points are applied. The 2nd FIR
calculation cycle will, therefore, occur after the 14th input point is
applied. The Timing Diagram of Figure 2 illustrates this scenario.
Since the total decimation of the DDF, in this example, is Hpgc X
Fpec =2 x6 =12, an FIR calculation cycle will begin following
every 12 input points. Thus, in this example, The DDF produces
output points after input points 2, 14, 26, 38 and so on.

For type A systems a formula for determining the minimum
number of input points required to produce a desired number
of output points is given in the following equation:

POINTS = (N-1)(Hpec)(Fpec) + Hbec

where POINTS represents the total number of input points (in
CK_IN cycles) required in order to produce N output points (in
DATA_RDY cycles) from the DDF.

The delay from the last input sample to the final output sample
in FIR_CKs is:

DELAYp g = {Iﬁ%s_ilpa +

LTAPS+1J
2 1 1
TX(”WW)

where:

FIR CK .
CK_IN ' 'DEC

M =
For type B systems the total number of input samples required
for N outputs is:

SAM 1oTAL = POINTS + DELAYF|R X (CK_IN/FIR_CK)

The term in parentheses converts DELAYE|R from FIR_CK to
CK_IN cycles.

It is now possible to compute the minimum number of input
points necessary to apply to the DDF in order to get a desired
number of “valid” output points out of it. The final goal in this
example is to apply a 1024 point FFT to the filtered data in
order to determine the spectral content of the applied signal.
Obviously, any “invalid” output points contained in the 1024
point transformation must be eliminated, since they will
contaminate the results. Therefore, in order to get exactly 1024
“valid” output points, the exact number of input points must be
applied to the DDF in order to “purge” the “invalid” points and
produce the 1024 desired points. Note that the 16 “invalid”

points must still be stripped off so that they don't make it into
the FFT.

Using the previous example, then, the number of “invalid”
output points is given by:

(TAPS x HDEC) +6+(2x HDEC) _
DATATRAN = ’V =

Hpec *Fpec

[(91 x 2)2+X66+ (2 x 2)} - 16

Adding the desired number of “valid” points to this yields:
16 + 1024 = 1040.

The minimum number of input points required to produce 1040
output points is:

POINTS = (n—1)x (Hpee) * (Fpee) + Hpee =

(1040 — 1) x (2) x (B) + 2 = 12,470

In type A systems the delay from the last input to the final
output is:

DELAY = [ (TAPS+1)+2|+8 +

[(TAPS+1)+2| 1 1
{#(”WW}J

DELAY

L(91+1)+2]|+8 +

Let+D=2),, 1 1

29 | 29 @7

DELAY = 46+8+[4.6(1.11) | = 59FIR_CKs
For a type B system the number of input samples is:

SAM1oTAL = POINTS + DELAYE|R X (CK_IN/FIR_CK) =
[12,470 + 59 x (2 + 10)] = 12,482 CK_INs

Exact Input Samples

The data acquisition scenario can now be expanded to include
a series of “data sampling windows” for type A systems. When
a “data sampling window” is “opened”, “CK_IN" cycles, along
with “valid” data are applied to the DDF. The idea is to “open”
each “window” such that it encompasses the desired portion of
the applied signal, for the required amount of time to generate
the appropriate number of “valid” output points for the
subsequent FFT. In practice, one quickly discovers that the
“‘window” must be extended, slightly, in order to allow both
decimation counters to “realign”, such that they are always in
the same state as each window opens. The consequence of
not realigning the decimation counters in this situation is that
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Predicting Data Throughput In The
Intersil HSP43220

the total number of output points produced by each window will
vary by one, from window to window, as the position of the
windows “walk” with respect to the state of the two counters. To
solve this problem, it is necessary to increase the number of
applied input points to be evenly divisible by the total
decimation rate (Hpgc) x (Fpec)-

Using the same example, it was previously determined that it
requires 12,470 input points to produce exactly 1024 “valid”
output points. In order to keep both decimation counters
aligned from window to window, simply increase this number
until it is evenly divisible by (Hpec)(Fpec) = (2)(6) = 12.

12,470 =127 = [1039.177 = 1040

The new number of input points = 1040 x 12 = 12,480

Note that, again, it is still the responsibility of the downstream
hardware or software to “strip off’ the 16 “invalid” points so that
they don't make it into the FFT.

Examples

Several examples of various configurations are shown below,

along with the relevant equations used to calculate DELAYf|R:

H#TAPS = 91 Hpeg = 1
FIR_CK = 20M CK_IN = 2M
{91+1J
_191+1 2 1.1
DELAYE R LTJ+8+ 5 (1+m+m)
1
— 46+8+5=59 _m) - 2.95us
= (20 H
EXAMPLE 1.
H#TAPS = 119 Hpeg = 1
FIR_CK = 20M CK_IN = 2M
L”QHJ
_ ] 119+1 L2 Jfer, 1
DELAYp g { 2 J+8+ 2 (14 75+ 255)
- 60+8+6= 745 1) = 3.70us
20
EXAMPLE 2.
#TAPS =79 Hpec =2
FIR_CK = 20M CK_IN = 2M

{79+1J
_ [ 79+1 2 11
DELAYp g = {TJ+8+ 5 (1 +E+m)
_ 1)
- 40+8+2:50(m) - 2.5us

EXAMPLE 2.

#TAPS =91
FIR_CK =20M

Hpec =4
CK_IN =2M

{91+1J
2
4

—46+8+1 ass(ﬁ) - 2.75us

DELAY., = 91+1J+8{
FIR L 5

EXAMPLE 4.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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