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Abstract

In this paper we present a switched capacitor filter
design using the SC22324 IC, which is fitted with an
E’PROM. It contains four digitally programmable
switched-capacitor filter sections, in order to obtain
different responses. The SC22324 also contains the
on-chip RAM. We'd like to explain, how could the on-
chip RAM controlled via a PC. In this way the chip
may be used afterwards with a menu where the user
may select the wanted parameters.
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1. Introduction

Some time ago, we supervised a final student project
involved with the switched capacitor filter chip SC22324.
Once the student developed his project: "Programming and
practical realization of switched-capacitor elliptic filters",
he consequently programmed the chip into a fixed filter
configuration by storing filter coefficients in the on-chip
Electrically Erasable Programmable Read Only Memory
(E’PROM). Then he developed an electronic circuit, so
that the chip could be tested. The necessary equipment to
program the chip was provided by Sierra Semiconductor.

One of the sixteen different transfer functions, given
in the z-domain, can be realized with each section of the
chip. So, to realize a certain response, it has to be choosen
one specific transfer function. We also need to know the
value of the coefficients of the transfer function.
Depending on the restrictions to the Bode plot, one

transfer function might not be enough. In that case it will
be necessary to combine two or more, maximum up to
four, transfer functions. The choice of the transfer
function(s) and the value of each coefficient computation
can be done by the BIQUAD.EXE, program supplied by
Sierra.

As we said before, the SC22324 also contains an on-
chip Random Access Memory (RAM). It would be even
more interesting now, to have the chance to program the
on-chip RAM. This would therefore enable the chip to be
used afterwards for didactic purposes.

A personal computer will be used to program the on-
chip RAM. A specific interface will be necessary because
the personal computer has not the same technology as the
chip. The development of the interface, with an array of
optocouplers, will be discussed later. Now, it will be
explained how the actual chip should be programmed.
Finally will be given a very brief description about the
program itself. The programming language Turbo Pascal
5.0 was used to realize the program.

2. The SC22324

The block diagram of the programmable universal
filter is shown below in figure 1.
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Fig. 1. Block diagram of the SC2234

2.1 General Description

The chip cohsists of four independently
programmable biquad sections which may be configured

. through digital programming to achieve filter responses of

8th order or less. Each chip has an uncommitted
operational amplifier at the input to facilitate
implementation of an anti-aliasing section to eliminate
aliasing effects in the subsequent switched-capacitor
filters. The output of the op amp is followed by a buffer
section that acts as a sample and hold ( S/H ) stage. The
buffer feeds the signal to the biquad stages. The four
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biquad sections can be configured as one, two, three or

four cascaded sections. The output of the last cascaded

stage is connected to an output buffer which drives the
output pin. At the output there is another uncommitted op
amp which can be used to implement a smoothing filter
for removing the clock noise from the output signal.

The clock for the filter is supplied from an.on-chip
oscillator that needs an external crystal with an internal
programmable counter. The counter can be programmed
through the serial interface by an 8 bit word.

The chip use a four pin serial interface for
communication (for pin descriptions see Handbook Sierra
Semiconductor). Sixteen bits are shifted into the chip,
where five bits constitute the destination’s address and

eleven bits the data. The bidirectional input/output (I/0)
pin allows reading -back the contents of the internal
registers for diagnostic purposes.

2.2 Biquad Sections

Each biquad filter section can be programmed to
achieve one of the following functions: band-pass, low-
pass, low pass notch, high-pass, high-pass notch, notch
and all-pass filter responses. Any combinations of these
sections can be used to form 2nd, 4th, 6th or 8th order
filters. The block diagram of the programmable biquad is
shown in figure 2.
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Fig. 2. Programmable biquad

The biquad is first programmed by a four bit word
TO-T3 (D0-D3) into the appropriate configuration.
Subsequently five eleven bit coefficients define the
can be
programmed into one of the sixteen possible types.
Table 1, Ref. 1, pp. 584 shows the controls bits and the

transfer function. The

former section

corresponding filter type, for instance:

Each of the five coefficients that define the filter
transfer function is made up of eleven bits. These bits
are loaded into each section through the serial interface.

-a4f1+((a2ayad)-2)s +27]

H(z)=
(1)

D3 D2 DI Do Filter Type Name : .
0 0 1 0 Band-pass Type 1 BP1 H(2)=V; / Vi, where Vy , Vi, are shown in figure 2.
0 0 0 0 Notch Type 1 Nl
0 1 1 1 Notch Type 2 N2

Table 1. Some programmable biquad types

Some of the sixteen z-domain transfer functions
biquad types are given in table 2, Ref. 1, pp. 585, for

instance expression (1).

2.3 Coefficient Storage Unit

The biquad section needs 59 bits for programming,
out of which, 55 bits are for the five filter coefficients
and four bits are for the filter type. The programming
bits are loaded into the chip through the serial interface
and stored in temporary registers. After the filter design

1+(ala2+ala2-2)z ' +(1-ala2)z?
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is completed and the response meets the specifications,
the programming bits can be transferred into non-
volatile E? memory for permanent storage. The storage
unit for one biquad section is shown in figure 3. The
details of one bit storage is shown in figure 4. The
source of the control bits for the biquad sections can be
switched between the temporary registers and E2
memory by a signal labeled SEL. The E°PROM can be
programmed when the Programmable Enable (PE) is
made high. The PE signal is controlled through the
SEL/PEN pin, which accepts a tri-level input signal.
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Fig. 3. Storage unit for programming bits in a single biquad section

In the normal mbde, SEL/PEN changes between
DGND and Vpp,, which controls the selection between
the temporary registers and the E2PROM. By setting
SEL/PEN=0V on select the temporary registers and the
SEL/PEN=Vp, (5 V) selects the EZPROM as the source
of the filter control bits. The pin has an internal pull up,
so that if it is left floating, the E2PROM will be selected.
When SEL/PEN pin is connected to Vg (-5V) the E2
program enable signal PE will be activated. The actual
programming takes place when Vpp (the E2
programming voltage) is ramped from Vgq (-5V) to a
high voltage in the range of 12.5-13.5 V. When this
happens the contents of the temporary registers are
transferred to the E’PROM. After the programming is
completed Vpp should be returned to Vgg (-5 V). The E?

programming timing waveforms are shown in Ref 1
(figure 4, page 586).
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2.4 Serial Interface

The filter programming data is stored in the
internal temporary register through a four pin serial
interface. When WR goes low, sixteen bits of data are
shifted serially into the chip through the 1/0 pin. The
sixteen bits constitute eleven bits of programming data
and five bits of destination address. The data is sampled
on the rising edge of the shift clock ( clk ). When WR
goes high, the contents of the memory location selected
by the five bit destination address is updated by the
eleven bit data. For proper operation. of the interface
there has to be exactly sixteen shift clock pulses within
the WR high-to-low and low-to-high transition period.
After data is latched into the selected register, the
internal timing automatically loads the contents of the
same location back into the serial interface shift register
so that it can be read back. However, the data that is
loaded back can be selected between the temporary.
register or the E2 memory by controlling the SEL/PEN-
pin. This feature is useful for diagnostic purposes. Every
reading of a selected location should be proceeded by a
writing into the same location. To read the data out the
RD signal should be pulled low. After sixteen clock
pulses all the data inside the shift register will be
clocked out of the I/O pin. The data appears at the
output, on the rising edge of the shift clock ( clk ). To
avoid any conflicts, the falling edge of the RD signal
should be at least eight crystal clock periods away from
the rising edge of WR. The same rule applies to
consecutive write cycles. The serial interface diagram is
shown in figure 5.
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Fig. 4. Bit storage unit
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Fig. 5. Serial interface timing diagram
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A2 Al ] AO DATA

ol (Filter coefficient, D0-D10)
o'l (Filter coefficient, D0-D10)
o2 (Filter coefficient, DO-D10)
o3 (Filter coefficient, D0-D10)
o4 (Filter coefficient, D0-D10)
T (Filter type, D0-D3)

e D
— D O e e O
O o DO e O

Table 2. Filter coefficient and type address location

The five address bits A0-A4 are divided into two
groups, A3, A4 and A0, A1, A2. The first group selects
the biquad section and the second group address the
filter coefficients and type of the selected biquad section.
A map of the memory locations is shown in tables 2 and
3. As shown in figure 6, the address
A4=A3=A2=A]=A0=0 selects the programmable
counter and a two bit register that contains the number
of the biquad sections according to table 4. Out of the 32
possible address locations, 25 are utilized and 7
locations are-unused.

A4 A3 SECTION
0 0 1
0 1 2
1 0 3
1 1 4

Table 3. Biquad section address location

SHIFTEDbll\’ILAST
} +
Laofarfafastael ool ool oo oo ma] nsf o] on | mef o} o]

> 4 »

SHIFTED IN FIRST

= DATA
» ADDRESS OF BIQUAD SECT.
» ADDRESS OF FILTER COEFF.

FORAO=A1=A2=A3=A4=0 D10 : DON'T CARE
NO-DI : NUMBER OF SHCTIONS

D2-D9 : PRESET CODE FOR PROGRAMM.

‘ COUNTER
Fig. 6. Address/Data allocations for the input bits

NUMBER OF SECTIONS Dl DO
1 0 0
2 0 1
3 1 0
4 1 1

Table 4. Number of biquad sections

2.5 Programmable Counter

The filter clock is derived from an on-chip
oscillator and a programmable counter. The counter is
shown in figure 7. The presetable counter is at the

address location A4=A3=A2=Al=A0=0 and it is
programmed by the eight bit word D2-D9 from the
serial interface shift register.

AG-A4
8-BIT 8-BIT L—— Vpp
REGISTER|EE MEM. PE
MUX -—— SEL
OSCILATOR +
¢ 8-BIT COUNTIR L2 | CLE
CLOCE +1 MUX (FILTER CLCK)
WHEN DQ-DL ARE ALL ZERO

Fig. 7. Programmable counter

The output of the programmable counter is divided
by two before it is applied to the filter.

Dy |Dg | D, |Ds | Ds | D, | D; | D, [DR
oo fJojo]o]Jo]ofo]n

0 0 0 0 0 0 1 1 | 506
0 0 0 0 0 0 1 0 508

Table 5. Two examples of programmable counter divide ratios
(D/R) versus control codes

In Table 5 are shown examples of divide ratios. It
is always an even number (except when D, - Dy are all

0). It ranges from 2 to 510 in increments of two. When
D,- Dy are all 0 the divide ratio is 1.

For further details see Reference 1: CMOS
Integrated Circuit Data Book - Sierra Semiconductor
SC22324.

3. A Programming Example

*" The example consists of a band pass filter of type 1
(BPIL) with o0y =33, o' = 3, &) = 7, 03= 1365 and o4
which doesn't occur in the filter equation (2).

H(z) _ —a2a3z_l(l - Z_l)

1 +(a;a2 + o0, — 2)2_1 + (l - alaz)z"z @

The biquad is first programmed by a four bit
word ( TO-T3 ) into the appropriate configuration (type -
BPI), table 1.

Then . five eleven bit coefficients define the
transfer function ( 2....6 ), tables 2, 3. The coefficients
are illustrated in table 6, where row 7 D2 - D9
correspond to the divide ratio, table 5.
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fT0 TI T2 713 | ,

A0 Al A2 A3 A4 D0 DI D2 D3 D4 D5 D6 D7 D8 D9 DI0
1 0 1 1 0 0 0 1 0 0 X X X X X X X
2 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0
3 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0
4 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0
5 0 0 1 0 0 1 0 1 0 1 0o 1 0 1 0 1
6 1 0 1 0 0 X X X X X X X X X X X
7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 X

Table 6. Coefficients of an example

Fig. 8. Serial interface timing diagram

4. Interface

Provided that the technology of the SC22324 is
CMOS and the technology of the computer output port
is TTL, it will be necessary a special interface from TTL
to CMOS. An easy way to solve this problem is to use a
pull-up resistor of 3K3. Because of safety reasons,
optocouplers are used.

A typical optocoupler interface circuit is shown in
figure 9. The worst-case design process should include
consideration of data rates, power supply variations,
component tolerances and temperature ranges as well as
the characteristics of the digital logic families.

A suitable optocoupler for the interface circuit is
the 4N25. The 4N25 has some interesting specifications
like high direct current transfer ratio and high-speed
switching times.

- “L

|

Fig. 9. Optocoupler interface circuit

The CMOS specifications with 5 V supply = Ve
are . ' ‘
’ VlH(min)'_'O-7 Vcc=3.5V

Vll,(max)= 0.2 Vo= lV

The TTL specifications are :
Vm(max)=0.8V ) IQH(max)=400 }lA
Vm(mm)?2v VOL(typ)=0-2v
. Im(m,x)=-l.6mA VOL(W)=O.4V
I (max) = 40 A IoL (max) = 16 mA
VoH(mjn)=2.4 v

Programming the SC22324 will be done through
the paralle] output gate of the personal computer. Since
there are 8 outputs and only three are needed to program
the chip, the other five are taken as the supply voltage
Vcer. This is done to minimize the voltage drop of
“Veer”. Remind also that the output port of the personal
computer is a special buffered output. It can sink and
source more current with less deviation towards the
worst case specifications.

Tests with the output port of the computer pointed
out that for a current of 10 mA, no significant voltage
drop was measured. Therefore Ve ( min 5, Which is the
same as Vou ( min ) for TTL, was taken as 4 V. For Vo,
was a deviation of 5 % brought into account and the
CMOS gate was considered to be ideal. This means that
both Iy and Iy, are zero.If the values of here above are
used to compute the values of R; (max)and Ry (min ) for I
= 10 mA then we get resp. 346 Q and 313 Q. Ry ( mn ) is
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then 3950 @ and Ry (maxy = = . For Ry 330 Q was taken
and for R, 4K7.

5. The Program

The program which we developed for the SC22324
[C is written in Turbo Pascal 5.0. The block diagram is
Hlustrated in figure 10. ’

[ 16 bit word for filter configuration l(-—-—-

5 times 16 bit word for each
programmable capacitor network

- Yes
other section

No

16 bit word for
programmable counter

[ data transmission |

Fig. 10. Block diagram of the program

Each biquad is first programmed into the
appropriate configuration with a sixteen bit word. After
this, the biquad needs five more sixteen bit words for
cach programmable capacitor network. Depending on
how many biquads are going to be used this process is
repeated.

Afterwards data is nceded for the programmable
counter. Once this is done the data transmission can
start.- o

The ‘data transmission takes place through the
parallel port of the computer. For proper operation of
the interface, there has to be firstly, exactly sixteen shift
clock puises within the WR high-low-high transition
period. Sccondly there has to be at least eight crystal
clock periods between each sixteen bit word and finally
the scrial input timing conditions, Ref. 1 page 589.,
should be taken into account. Therefore delays are
provided in the program.

6. A Filter Design Example

Here we propose, as an example, the design of a
Jow-pass Cauer filter with the following specifications:

Passband limit: 3400 Hz
Passband ripple: 0.1dB
Stopband limit: 4600 Hz
Stopband attenuation: 32dB

We also use the 3.579545 MHz common American
TV color ~burst crystal. The filter clock sampling
frequency will be chosen as 128000 Hz (divide
ratio=28).

First of all, we will run the BIQUAD.EXE file
supplied by Sierra Semiconductor.- The program’s final
goal is the filter parameters storage in a on-chip
E’PROM. But now we are only interested in the first
step of it in order to obtain the biquad sections
coefficients. We first get the filter’s order n=6"and then
the section’s transfer function coefficients (Table 2 Ref.
1, page 585): '

Type al ~  a'l a2 a3 a4

N2 190 190 67 26 67
N2 94 118 214 291 214
N1 155 199 158 197 569

The BIQUAD.EXE file also leads to the filter
response. ,

Here in Fig. 11 we will represent the magnitude vs.
frequency. There are three transmission zeros but in the
present graph we may see only two.

Filter Frequency Response

Magnitude (dB)
1
g

1000 2000 3000 4000 5000 6000 7000 8000

Frequency (Hz)

Fig- 11. Fiiter magnitude vs. frequency response

The next step in this design consists of the
SC22324 RAM programming through the parallel
output gate of the personal computer. Remember that
this work has been developed having in mind a didactic
purpose.

The program sc22324.pas, we wrote in Turbo
Pascal 5.0 for this purpose, will now be applied and the
data transfer through the parallel port of the computer to
the printed board (figure 11) will take place,

The sixth order elliptic filter is now ready to work.
To change parameters, we may quickly re-program the
chip.
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7. The Board Layout

The printed board, which is shown in figure 12,
includes also a +5 / -5 V power supply, an input limiter

in order to protect the chip and the optocouplers
interface. T oo

184007 | 1N4007

Fig. 12. The print with components

The components and their value are also visible.

Remark that pins 2-9 are used to program the chip
via the parallel output port of the personal computer
with the address 378H.

8. Conclusion

The main goal, programming the RAM of the
SC22324, so that it can be used for didactic purposes,
was achieved by using a personal computer, an interface
and an adjusted print. ‘

To program the chip, an executable file wa
developed which should be runned on a personal
computer. The parallel output port with the address
378H is the link to the interface.

A special interface was needed since the
technology of the personal computer is TTL and the one

of the chip is CMOS. The interface consisted of =

optocouplers.
Finally the adjusted print was developed and
tested.
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