@ HARRIS

HF-10

Universal Active Filter

Features

Industry Standard Pinout
Low Crosstalk ........
Low Clock Feed Through
Low Standby Current......
Clock to Center Frequency Ratio Accuracy ©2%

Filter Cutoff Frequency Stability Directly Dependent on

External Clock Quality

Separate High-pass (or Notch or All-Pass),

Band-Pass, Low-pass Outputs

s fo x @ Range up to 50kHz Minimum

¢ Operates to fg = 20KHz Minimum

* Specifications Guaranteed for Tp from -55°C to +1250C

Applications

e General Purpose Audio-Band Filtering

# Real-Time Programming

» Prototyping » Dynamic Reconfiguration

High Q Appiications

Precision Filtering at Low Q

Precision Oscillators

Extended Temperature

Voice Response Systems

» Modems » Tone Generators

Data Acquisition Systems

¢ Building Block for Precision Higher-Order
Filters (Directly Cascadable)

*® o o o

Description

The HF-10 consists of two fully independent second order switched
capacitor CMOS filter sections. Each second order section i1s a
modified state-variable filter. In each section there are three
operational amplifiers and an additional “summing node™. The extra
summing node is a direct benefit of the switched capacitor design
approach. This provides increased versatility as compared to the
classical continuous-time active filter. The transfer function of each
section is tailored by the user's choice of feedback configuration.
external resistor values. and external clock rate.

The HF-10 topology 1s very useful since 1t produces three different, but
related, transfer functions simultaneously. Each transfer function has
the same po'e locations but different zero focations. One of the
outputs 1s either a notch, all-pass. or high-pass signal, depending on
the teedback configuration chosen by the user; the other outputs are
band-pass and low-pass signals. The center frequency of the complex
pole pair. fo, 1s determined by the external clock frequency and the
state of the ~“50-100°CL" input. This value can also be scaled by a
function of the external resistor values depending on the feedback
configuration. The other important filter characteristics, such as gain,
Q. etc. are determined by functions of external resistor values. Any of
the classical filter configurations (Butterworth, Bessel, Cauer‘Elliptic,
Chebyshev, etc.) can be realized.

The second order sections can be used separately with the constraint
that the clock nput for each section be driven by signals of the same
level (1.e., either TTL or CMOS logic levels). and that the two clock
signals share the same digital ground. If it 1s desired that a fourth order
function be realized, the two sections can be cascaded. The "L Sh”
(level shift) input s used n conjunction with the clock Inputs to aliow
compatibility with either TTL or CMOS clock levels.

The HF-10 can be powered-down by connecting the "50/100:CL"
input to Vp-. This disables the reference current generators for the
operational amplifiers and the clock level shifters.

The HF-10 provides a number of advantages over other universal
active filters: higher accuracy at frequency extremes; superior clock
feedthrough supression: sigruficantly lower crosstalk. better
performance over -550C to +1250C; drives smaller impedance to
nigher peak output voltage. and capable of precision oscillator
applcations (phase is continuous wnen frequency Is changed).

The device 1s available in a 20 pin ceramic package with temperature
ranges of 00C to +750C and -550C to *1250C. Application Note 578
1S available
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Specifications HF-10

Absolute Maximum Ratings
SupplyVoltages . ... i +6.5Volts  Operating Temperature Ranges

PowerDissipation ......... ... i 300mwW HF-10-2,-8 -550C to +1259C

Lead Temperature (Soldering, 108ec.) .................. 3000C HF-10-5,-7 ...0%Cto+750C
Qutputloading ...... ... ... RLOAD > 3.5k} HF-10-9 .. -40°C to +B5°C
CLOAD <100pF Storage Temperature........................ -659C to +1500C
Junction Temperature . ... . 1759C
Electrical Specifications (Complete Filter) £4.5V < Vg < 5.5V, (Note 1) Refer to Figure 1.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Frequency Range fo XQ < 50kHz 50 20K Hz
Clock to Center Frequency
Ratio
foLk/fo =50 Pin 12 - Vp+, Q = 10 =2%
fg XQ < 50kHz
foLk‘fo = 100 Pin 12 - AGND, Q = 10 =20,
fo XQ < 50kHz
Q Range fo XQ < 50kHz 0.5 100
Q Accuracy (Q Dewiation from
an ideal Continuous Filter}
feLk/fo = 50 Pin 12 = Vp* Q < 20 +4%
fo XQ < 50kHz
toLk/fo = 100 Pin 12 = AGND, Q@ <20 3%
fo XQ < 50kHz
fg XQ Product 50K Hz
fo Temperature Coefficient
foLK/fo = 50 Ta = 250C +100 ppm/OC
Pin 12 = Vp*. fg XQ < 50kHz
External Clock Temperature Independent
feLkifo = 100 Pin 12 = AGND, fo XQ < 50kHz +100 | ppmiOC
External Clock Temperature independent
Q Temperature Coefficient Ta - 250C +500 ppm.oC
to XQ < 50kz, Q Setting
Resistors Temperature Independent
Crosstalk INVa - 0dBm @ 1kHz -60 dB
INVG = OV
Clock Feedthrough See Figure 2 2 5 mVrms
Clock Frequency Min @ fcLk/fo = 50, Max @ fCLK-fo = 100 2.5 2048 kHz
Power Supply Current Ta = 250C 13 mA
Standby Current Pin 12 = V- 500 LA
Electrical Specifications (Internal Operational Amplifiers)+4.5V < Vg < £5.5V, (Note 1) Refer to Figure 1
PARAMETER CONDITIONS MIN TYP MAX UNITS
Voltage Swing (Pins 1, 2, 3, 18, RLOAD - 3.5KQ1 +35 \
19. 20)
Op Amp Gain-BW Product 25 3.8 MHz
Op Amp Slew Rate 5 15 Vs
Power Supply Rejection DC Only 40 dB
Ratio (PSRR}

NOTE 1. Unless Otherwise Specified, typical parameters are at <250C, min-max parameters are over operating temperature range.

Die Characteristics

Transistor Count...... 464
Die Dimensions........ .88 x 127

Substrate Potential .. LY

PrOCESS. .. oo SAJI CMOS

Thermal Constants (OC) bja bic
Ceramic DIP 81 24
Ceramic LCC 76 19
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HF-10

Pin Assignments

SYMBOL

DESCRIPTION

LP. BP,
N/AP/HP (A or By

INV {A or B)
S1 (A or B)
Sa:B

Va*. Vp*’

VaA- VD

L Sh

CLK (A or B)

50/100/CL

AGND

Low-pass, band-pass. notch or all-pass or high-pass outputs of each second order section.

Inverting input of the summing op amp of each filter.
Inverting summing input pin used in most filter configurations.

Activates a switch connecting one of the inputs of the filter's second summer to either analog ground
(SA/B low to VA-) or to the low-pass output of the circuit (Sa,g high to Va+). This allows flexibility in the
various modes of operation of the |. C.

Analog positive supply and digital positive supply. These pins are internally connected through the |.C.
substrate and therefore, Vo~ and Vp+ should be derived from the same power supply source. They have
been brought out separately so they can be bypassed by separate capacitors, if desired. They can be
externally tied together and bypassed by a single capacitor.

Analog and digital negative supply. respectively. The same comments as for Va*+, Vp+ apply here, except
VaA- and V- are not tied together internally.

Level shift pin. Accommodates various clock levels with duat or single supply operation. With dual =5V
supplies, the HF-10 can be driven with CMOS clock levels (1£5V), and the "L Sh” pin should be tied either to
the system ground or to the negative supply pin. If the same supplies as above are used and TTL clock
levels, derived from a GV to 5V supply, are used, the "L Sh" pin shoulid be tied to the system ground. For
single supply operation (OV and 10V), the Vp-and Va- pins should be connected to the system ground, the
AGND pin should be biased at 5V, and the "L Sh" pin shouid also be tied to the system ground. This will
accommodate both CMOS and TTL clock levels.

Clock inputs for each switched capacitor filter building block. Should both be of the same level (TTL or
CMOS). The level shift (L Sh) pin description discusses how to accommodate their levels. The duty cycle
of the clock should preferably be ciose to 50%, especially when clock frequencies above 200kHz are used
This allows the maximum time for the op amps to settle, yielding optimum fiiter operation.

By tying this pin to Vp+. a 50:1 clock to filter center frequency operation is obtained. Tying at mid-supplies
(i.e., analog ground with dual supplies) allows the filter to operate at a 100:1 clock to center frequency
ratio. When tied to VD-, a simple current imiting circuit is triggered to limit the overall supply current The
filtering action 1s then aborted. This pin also acts as a power up reset when pulled to V- after power is
applied.

Analog ground pin. Should be connected to the system ground for dual supply operation or biased at mid-
supply for singie supply operation. The Non-inverting inputs of the filter op amps are connected to the
AGND pin so a "clean” ground is mandatory.

NOTE: All pins are protected against stat:c discharge

*To intiate the internal power-on reset feature of the HF-10, V+ ang V- should be brought up at the same time. or V- shou'd be brought up first. An
alternative 10 power supply sequencing is to strote Pin 12 (50 100. CL) to V- atter power 1s applied, regardless of power supply sequencing. This will aiso
initiate the power-on reset feature of the HF-10.
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