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Simple and versatile FIR engine (SavFIRe™)

APPLICATIONS

¢Industrial Control

*Machine Monitoring

*Smart Sensors

* Medical Monitoring and Diagnostics
*Industrial Wireless Sensor Networks

*Homeland Security

DESCRIPTION

A single channel, programmable digital filter designed for near
seamless insertion in the serial data path of a digital signal or
used as an FIR coprocessor. The device can be programmed
using the Quickfilter Pro™ Design Software which supports
most FIR digital filter configurations. The FIR filter has 512
taps capable of generating “brick wall” filters such as a low
pass filter with a 1 kHz cutoff frequency and a total transition
band of only 25 Hz. The filter can operate over a broad range
of ADC data rates - from 10sps up to 400ksps and can support
ADC'’s with resolutions ranging from 12 to 24 bits.

ORDERING INFORMATION

Device Package

FEATURES

¢ Maximum 512-tap symmetric or 256-tap non-
symmetric digital FIR filter with 12 — 24 bit data words
and up to 32 bit coefficients

* Programmable Averaging and Down-sampler pre-FIR,
including bypass mode

* Re-programmable in circuit
* Data Rate: Up to 400ksps

* Data Interface: Supports SPI and synchronous serial
modes up to 20 MHz, operates with a wide variety of
ADC’s.

* SPI Configuration Interface support all 4 modes

* Multiple devices can be daisy chained, with
programmable bypass mode.

¢ 3.3V Digital 1/0, 5 Volt Tolerant with 3.3V & 1.8V
Supplies, Internal regulator for single rail operation

= Low Power: <1TmW @ 1 Ksps, 10mW @ 200Ksps
= |Industrial Temp -40C to +85C
= Package: 16-pin QFN (3 X 3 mm)

QF1D512-QN-T 16-Pin QFN - Tape & Reel (Reel gty 1000)
QF1D512-QN-B - Trays

QF1D512-DK Development Kit

DDS FIR

512-
1-256 Taps

| CLKGEN }—T T_

VDD I/0 VDD Core

RVDD18 VDD33 GND VvDD18 RST_N TST

QUICKFILTER DEVELOPMENT KIT
(QF1D512-DK)

= Windows® Based Software for Rapid Filter Design and
IC Configuration

= In-System Programmability (ISP) Through SPI Port
= Evaluation board for verification of device

Bl0F10512Config BEX
Fie Yew Op Gptons b
D& -d ® [Tawi[oxsnge ] PP
[ohpn = |
|
af)
20,
Lo
Parks-cClelan: Notched Lowpass B e
QF1D512 N Y
-100] / y
] |
140} M
- w L
Bypassed
0m 010 02 03 0% 08
Frequency n iz
WIIGT K :’
Jrost ~ 1 =
" verage z ~
Clear al che status bits
IR Coff #4213
IR Cosf 41 A2
IFIR Coeff #40: 18361F48
IFIR Coeff #39: 1204EC26. b4
wise e tewlog
W
(0 = | o |Fiter |
Right ok or mare aptons s R
Connected Running P User Mode: Advanced Ready

Characteristic data and other specifications are subject to
change without notice.

Rev A16, Apr. 24, 2013
http://www.quickfiltertech.com/




(@ DATA SHEET QF1D512

Quickfilter™
chnologies

TABLE OF CONTENTS

LIRS 1 2 = 0 | o (07N 0 T 4
1.1 Absolute Maximum Ratings......ccccoiiiiiiiiii s 4
1.2 Package ASSEMDIY ... nananannnannnnnnnnnnnns 4
1.3 Recommended Operating Conditions ........cccccciiiiiiiiiiiiiinii s 4
1.4 Typical Performance CharacteristiCs..........couiiiiiiiiiiiiiiiinii s 4
1.5 Electrical CharacteristiCs ... s s 5
1.6 Timing REQUIrEMENTS ... s s nnnnn s nnnnnnnnns 5
1.6.1 GENERAL TIMING REQUIREMENTS......cuetiutittrtintitentettetestententestettetestentesteseesestessesteseseeabenaesteseebeseensestestesessentenseneeseenes 5
1.6.2  SPI CONFIGURATION TIMING REQUIREMENTS .....c..ctiuiiiimiitinieitetintentetesteteeuestentesteseseestesaesseseesestensesseseesessenaensenneseenes 6
1.6.3 DATA PATH TIMING REQUIREMENTS .....cutiutiititirtitentettetentententestetestestestesteseetestessesteseseeabesaesteseesestensessestesesbensenseneeseanes 7
2 PINOUT AND PIN DESCRIPTIONS ......coiiiiiiiiiriiiiisssrrs s sssssssssss s s ssss s s s s n s sssmss e ssssssssmmnnnssssnsnss 8
3 GENERAL DESCRIPTION ...ttt s e s h s smmn e e e e e e mmnn e e e e e n s 9
3.1 Data Format and Control ... ———————— 9
3.2 Averaging and DOWN-=-SAMPIEr ........cccciiiiiiiiiiiiiiii i ———————— 9
3.3 Finite Impulse Response filter (FIR).........cooviiiiiiiiiii 9
3.4 Serial Interface - Serial Peripheral Interface (SPI) .........ccccooiii 9
3.5 Voltage ReGUIALOr .........ccciiiiiiiiiiicirre e 10
= 10 L ol 17 10
4.1 Device CONFIGQUIAtION ........oe et r e r e e e e e ran s 10
4.2 Quickfilter Development Kit (QF1D512-DK) ........ciiiiiimmmmmriiiisssrrs s sssssssssss s s sssssssssse s 10
5 CONFIGURATION INTERFAQGE........coii it ssss s s sss s s s am s s e s e e e mnnn e e e e nnnnan 10
5.1 Native SPI Mode of OpPeration.........oooececiiiiiiiiiecccerr s r s s s s e s s e s s s s s e e e s s nmmn e s s s e e e e e s nmannsnnnns 10
5.2 Native SPI Configuration Mode Data Format ... 1
LSRG TN 7 O3 |1 oo T= 3o 3 S0 T e =Y - 1 ' o 12
5.4 12C Configuration Mode Data Format ... 13
5.5 Sending Commands in Filter Mode...........ccoi i 14
L N 7 N L NI 0 15
6.1 Modes Of OPeration ..o ———————————————————————— 15
6.2 Data PassSthrough ... ———————————————————————— 17
6.3 SDO FUNCHIONAlitY ......cceeieiiieeiecceee e ————————————————————————————— 18
7 AVERAGING AND DOWNCONVERTER ...t s s ssssnn s 19
7.1 Modes Of OPeration ........cccuiiiiiiiiiiiiiiii i —————————————————————————————— 19
N | | I 19
<700 T 1" o Yo F= =30 o3 S0 T o = - 1 T'e Y o S 19
. TR | - 1 7 4 U 19
9  VOLTAGE REGULATOR ... .ciiiiiiineiirersniinsssss s sssss s s s e s s m e £ e £ e e e m e e e e e e e e e ammn e e e e e 20
9.1 Mode Of OPeration .......ccuuiiiiiiiiiiii i ———————————————— 20

Rev A16, Apr. 24, 2013 2 www.quickfiltertech.com




(@ DATA SHEET QF1D512

Quickiitier®

10 CONTROL REGISTERS ...t n e e s e e amnn e e e e e e e nnnns 21
T0.T  OVOIVIEW .o s R s s s R s s s s asssssRSsSRRRERRRRRRRRRRRRRRRRRRRRRRERRRRRRRES 21
10.2 Configuration RegISters ... nnrr e e 22
10.3 CoeffiCient MEMOIY ... ... s a s s s s s s s s s s sssasssssnnnn s s s s nnnnr R s s n R R nrnnrnnnes 30
11 OPERATING MODE CONFIGURATIONS....... s sss s s n s s n s s s s s s s n s s s s s s n s e nnn e 31
11.1 SPIFIR CoprocesSor MOE.........ccoiiiiiiiiiicecieesierrrerrmmsssssss s s s s rr s smasssssss s s e e e s s nmassssssssesennsnnnnsnssssssenmnnnnnnnns 31
11.2  Inline Normal SPI MOde ...... .o s s s s s s s s s s s s s s s s s n s s r s s nr s R s n e s nnnnes 31
11.3 Inline Continuous SPI Mode (CS_N tied to GND).........cccciiiumunnnneeneeneeeeeeeeee e 32
11.4 Inline Synchronous Serial Mode (UP CIOCK SIaVe) ..o 32
R T 10T 1 TR o I 33
11.6 ADC Configuration Read / Write — QF1D512 Passthrough ... 33
11.7 QF1D512 Configuration Mode ... s 34
12 PACKAGING INFORMATION ..ot iiiinsssns s ssss s s s n e e e e e amn s e e e e e e s nnnnns 35
REGISTERS, TABLES, AND LISTS ...t insssss s sssss s s s sssss s s s s s sssmss s a s s sesssssnnnns 36
Control Register Listing........ccccoiiiiiiiiii i 36
= o N I 1o == 37
= o T 10 = 37

Rev A16, Apr. 24, 2013 3 www.quickfiltertech.com




(@ DATA SHEET QF1D512

Quickfilter™
echnologies

1 SPECIFICATIONS

1.1 Absolute Maximum Ratings

Stresses above those listed under Absolute Maximum Ratings can cause permanent device failure. Functionality at or above these
limits is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability.

Parameter Min Max Units
Storage Temperature -60 125 °C
Supply Voltage, Vpp1s to GND -0.2v 2.2V \%
Supply Voltage, Vppss with respect to GND -0.2v 4.0V \%
VREG Voltage, Vyrecss With respect to GND -0.2Vv 4.0V \Y
Digital Input Voltage with respect to GND -0.3 7 \%
ESD Immunity (HBM, JESD22-A114-D Class 1C) 7.5 KV
ESD Immunity (HBM, AEC-Q100-002D) 6.75 KV

This integrated circuit can be damaged by ESD. Quickfilter Technologies recommends that all integrated circuits be handled with
‘.;i;'\ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

1.2 Package Assembly

The QF1D512 is offered in a “green” package (RoHS & no Sb/Br), assembled with enhanced environmentally compatible Pb-free and
halide-free materials. The leads possess a matte-tin plating which is compatible with conventional board assembly processes or newer
lead-free board assembly processes. The peak soldering temperature should not exceed 260°C during printed circuit board assembly.

1.3 Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Supply Voltage 1.8 Vob1s 1.6 1.8 2.0 \Y
Supply Voltage 3.3 Vbpss 3.0 3.3 3.6 \Y
VREG Voltage 3.3 Vvreess 3.0 3.3 3.6 Vv
Digital Input Voltage 0 5 \%
Ambient Temperature Ta -40 25 85 °C

Note: Quickfilter guarantees the performance of this device over specified ranges by conducting electrical characterization over each
range and by conducting a production test with single insertion coupled to periodic sampling.

1.4 Typical Performance Characteristics
Default Conditions: Ta = 25 C, Vpp1g = 1.8V, Vppsz = 3.3V,

Rev A16, Apr. 24, 2013 4 www.quickfiltertech.com
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1.5 Electrical Characteristics
Symbol | Parameter (Condition) [ Min [ Typ [ Max | Units [Note
Supply Current & Power Dissipation
1.8V Supply Operating Current - fs = 50 kHz, 512 taps 1.3 mA
| - fs =299 kHz, 512 taps 6.6 mA
pore - fs = 400 KHz, 512 taps 11.6 mA
- Standby 50 nA
3.3V Supply Operating Current - fs =50 kHz 70 uA
- fs = 299 kHz 200 uA
Ippss _
- fs =400 KHz 400 uA
- Standby 20 uA
Vovres | Voltage Regulator Output Voltage, Imax=20mA 1.566 | 1.8V | 2.034 \%
Covres | Voltage Regulator External Output Capacitor 0.1 1 uF
COVREG .
ESR External Capacitor ESR 0.5 1 Ohm
Digital Inputs (DIN, DSEL, DCLK, SCLK, SDI, CSN, RST_N)
Viy High-level Input Voltage, Vppss = 3.6V 2.8 5.5 \%
Vi Low-level Input Voltage, Vppss = 3.0V -0.3 0.8 \%
I, . | Input (leakage) current +/-1 uA
Cin Input Capacitance 10 pF
Rpy Pull Up Resistance 40 75 190 | KOhm
Rep Pull Down Resistance 40 75 190 | KOhm
Digital Output (SDO)
Vo High-level Output Voltage, DVppss = 3.0V, loy = -100uA 2.4 \
VoL Low-level Output Voltage, DVppsz = 3.0V, lor = 100uA 0.4 \%
Co Output Capacitance 10 pF
1.6 Timing Requirements
1.6.1 General Timing Requirements
Parameter Min Max Units | Note
Sample Frequency* (fs) 400 KHz
Data Input Clock Frequency (DCLK) 20 MHz
Serial Port Clock Frequency (SCLK) in all modes 20 MHz
Setup time Chip select (CSN) low to SCLK rising edge 124 nS
Setup time SDI before SCLK edge 24 nS
Hold time SDI after SCLK edge 24 nS
Setup time DSEL active to DCLK rising edge 24 nS
Setup time DIN before DCLK edge 24 nS
Hold time DIN after DCLK edge 25 nS

Rev A16, Apr. 24, 2013
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1.6.2 SPI Configuration Timing Requirements

SPI Configuration Timing

tcss tcsh tcs
CSN (i/p) 1
tclh tell
SCLK (ilp) | \ | ?
tdis tdih )
SDiI (ifp)
tdov1l«>] tdov2 <> tdoz |«»|
SDO (o/p) hi-z - —hiz—

tcs = CSN high time

tcss = CSN falling to SCLK rising time

tcsh = SCLK falling to CSN rising time

tclh = SCLK high time

tcll = SCLK low time

tdis = SDI setup time

tdih = SDI hold time

tdov1 = CSN falling to SDO valid time

tdov2 = SCLK falling to SDO valid time

tdoz = CSN rising to SDO high-Z time

SPI Configuration Parameters

Parameter (SPI Input) Min Max Units | Note
Sample Frequency* (fs) 400 KHz
Serial Port Clock Frequency (SCLK) in all 20 MHz
modes
CSN falling to SCLK rising time( tcss) 24 nS
SCLK falling to CSN rising time (tcsh) 24 nS
CSN high time (tcs) 50 nS
SDI setup time (tdis) 12 nS
SDI hold time (tdih) 24
CSN falling to SDO valid time (tdov1) 12 nS
SCLK falling to SDO valid time (tdov2) 12 nS
CSN rising to SDO high-Z time (tdoz) 12 nS

Rev A16, Apr. 24, 2013 6 www.quickfiltertech.com
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1.6.3 Data Path Timing Requirements

SPI Data Path
Timing(all modes)

B pan N B U |
onrr 777 ) — /7777777
SDO (0/p) P —

tds = DSEL inactive time (Normal Mode)

tdss = DSEL active to 1% clock edge

tdsh = Last clock edge to DSEL inactive

tclh = Clock high time

tcll = Clock low time

tdis = DIN setup time

tdih = DIN hold time

tdov1 = DIN to SDO valid (pass thru data)

tdov2 = DCLK to SDO valid (filtered data)

tdoz = DSEL inactive to SDO tri-state (Normal Mode)

SPI Output Data Path Timing Parameters

Parameter(SPI Output) Min Max Units | Note
Sample Frequency* (fs) 400 KHz

Data Clock (DCLK) 20 MHz

Setup time DSEL low to DCLK rising edge 24 nS

Hold time DSEL high 50 nS

tdov1 8 nS

tdov2 12 nS

tdoz 12 nS

Output Current(lioaq) 4 mA

Cload 7 pF

NOTE: For tdov1 and tdov2, the output pin is set with Ijp,q at 4mA and Cyo,qg at 7pf.

Rev A16, Apr. 24, 2013 7 www.quickfiltertech.com
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2 PINOUT and PIN DESCRIPTIONS

RGND
RVDD33
RVDD18
TST

-
[o)]
-
[&)]
N
S
N
w

NC | 1 12 | VDD18

QF1D512
RST N |2 3 x 3mm 11 | VDD33

16-Pin
DSEL | 3 \{QFN 10 | GND

DIN |4 9 | CS.N

DCLK | @

SDO | @

SCLK | ™
SDI

Figure 1: 16 Pin QFN Package Pin out

Table 1 Pin Descriptions

Pin Signal Name 110 Type Description
1 NC No Connection
2 RST_N I Digital | Chip reset; active low; default internal pull-up
3 DSEL I Digital | SPI Mode: frames the data as a chip select; Synchronous Serial Mode: a frame pulse

whose rising or falling edge identifies the 1% bit of data; active high or low

4 DIN I Digital | Serial data input

5 DCLK I Digital | Data input clock used to capture DIN; active capture edge either high or low

6 SDO (0] Digital | Serial data output. Can be either config data or ADC/filter data depending on mode

7 SCLK I Digital | Serial input clock used for config data transfers; active capture edge either high or low
8 SDI I Digital | Serial data input used for config data

9 CS_N I Digital | Config interface chip select; active low; default internal pull-up

10 GND N/A | Return | Digital power supply return pin

11 vDD33 N/A | Power | Digital I/O voltage; 3.3 +- 10%

12 | VvDD18 N/A | Power | Digital Core voltage; 1.8 +- 10%

13 TST I Digital | Production scan test mode enable; active high; default internal pull-down

14 RVvVDD18 N/A | Power | Internal voltage regulator 1.8v output; tie to VDD18 when in use; tie to GND to disable
15 RVDD33 N/A | Power | Internal voltage regulator 3.3v input; tie to GND to disable

16 RGND N/A | Return | Internal voltage regulator return pin

Rev A16, Apr. 24, 2013 8 www.quickfiltertech.com




(@ DATA SHEET QF1D512

Quickfilter™

3 GENERAL DESCRIPTION

; CTRL
\ |recs[™
DSEL| 3 | [7]scLK
DATA S
DINL¢ | > FMT/ —{DDS |-»| FIR > p [«[]sDI
CTRL 512- |
DCLK| s 1-256 Taps (s |cs_N
COEFF
CLKGEN J | RAM [*7 15P0
RVDD33| 15
VREG
RGND| 16 vDD I/O VDD Core
RVDD18 VDD33 GND VDD18  RST_N  TST

2

Figure 3: Functional Block Diagram

3.1 Data Format and Control

The Data Format and Control block accepts the ADC serial data. It separates any header information and checks for data valid and
then separates the data bits for processing. It also converts the data into the required format for the FIR filter.

3.2 Averaging and Down-sampler

The Averaging / Down-sampler block down-samples the incoming data by a factor of 1 to 256. It also can be configured to average the
down sampled data.

3.3 Finite Impulse Response filter (FIR)

The FIR filter consists of up to 512 taps for a symmetric filter or 256 taps for an asymmetric filter.

3.4 Serial Interface - Serial Peripheral Interface (SPI)

The configuration and data serial interfaces are fully compatible with a standard SPI bus. Both the DCLK and SCLK are capable of
running at up to 20 MHz, although they may be run at much lower speeds. The QF1D512 operates in a SLAVE mode.

The configuration interface consists of the SCLK, CS_N, SDI and SDO pins and is used to configure the control registers and program
the coefficient memory space.

The data interface consists of the DCLK, DSEL, DIN, and SDO pins and allows for ADC data received on DIN to be filtered or passed
through to SDO and on to the controlling device (uP, DSP, FPGA). DIN may also come from the controlling device (FIR coprocessor
mode). If a header is used, it is passed unaltered along with the filtered data.

Rev A16, Apr. 24, 2013 9 www.quickfiltertech.com
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3.5 Voltage Regulator

The QF1D512 provides an internal voltage regulator to allow for operation from a single 3.3 V supply. The regulator is stand-alone and
its use is optional.

4 SOFTWARE

4.1 Device Configuration

Before useful data can be output from the QF1D512 it must first be correctly configured. Configuration parameters include the following:
1. Data interface configuration: includes header use and size, and data size
2. Data mode of operation: SPI Normal, Continuous, or Synchronous Serial mode
3. Decimation and averaging configuration (if utilized)
4

FIR filter coefficients.

4.2 Quickfilter Development Kit (QF1D512-DK)

The Development Kit is a complete hardware and software combination which allows for rapid development of the QF1D512
configuration parameters for a specific application.

The Quickfilter Design Software tool allows all the necessary parameters to be generated in a quick and user-friendly manner. The user
enters the desired characteristics (e.g. sampling rates, type of filter, cut-off frequencies etc.) for each channel and the software
generates a configuration file for the device. The configuration file can be immediately downloaded into the QF1D512 on the
development board, and the actual hardware device performance can be monitored - either in response to a PC-generated noise
source or to a user-applied signal. Device configuration parameters can be further adjusted, if necessary, until the optimum system
performance is reached.

Once satisfied with the performance the configuration file can be saved for future use, for example to program devices in bulk prior to
volume board manufacturing.

5 CONFIGURATION INTERFACE

5.1 Native SPI Mode of Operation

The QF1D512 is designed to interface directly with the serial peripheral interface (SPI) of microcontrollers and Digital Signal
Processors. The QF1D512 always operates in SPI slave mode using the SDI, SDO, SCLK and CS_N pins. SDI is the input serial data,
and SDO is the output serial data (if FILT_EN = DIN_PT = 0*). SCLK is the input serial clock. Default is to capture on rising edge, but
this can be changed to capture on falling edge by writing the SCLK_POL bit in the DCONFIG register (04h).

* There are two modes of bus operation for the QF1D512, “configure” mode, and “data” mode. The required mode is selected by writing
the FILT_EN bit in the CONTROL register (03h). When configuring the device both FILT_EN and DIN_PT should be set to 0 (see
Section 6.3).

“Configure” mode is used to set up or change options in the QF1D512. In this mode it is possible to read/write the control registers and
the coefficient RAM.

“Data” Mode is used to interface with an ADC or uP and run the FIR filter. When FILT_EN is set high, the function of the SDO pin
changes from configuration data to filter data. (see DATA INTERFACE). The format of the SDO will match the format of the data
coming into the DIN pin.

Note: The Control registers can be written to in either mode. However to write the coefficients or read the control registers the
QF1D512 must be in “configure” mode.

Rev A16, Apr. 24, 2013 10 www.quickfiltertech.com
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5.2 Native SPI Configuration Mode Data Format

In order to address and read / write to the QF1D512, CS_N is asserted low to select the device. When the device is in “configure” mode
but is not selected, data will not be accepted via the serial input pin (SDI) and the serial output pin (SDO) will remain in a high

impedance state.

Figure 4: Configuration Data Timing

Configuration Interface : Read Access

CS N (i) | |

1S{o/ 2 ¢/7/ RS S Y N " " A " I O
SDI (i/p) 8-bit read op-code 8-bit address (AQ)

SDO (o/p) Z 8-bit read data (D-AQ) 8-bit read data (D-AN)

Configuration Interface : Write Access

CS N (i) | ‘

1S{o/ X277/ RS S N N " " A O
SDI (i/p) 8-bit write op-code 8-bit address (AQ) 8-bit write data (D-AQ) 8-bit write data {D-AN)

SDO (o/p) 2

Notes:
> Above waveforms assume a transfer format with sclk_pol = 1
> SDI capture edge is determined by sclk_pol setting

> SDO transitions on opposite edge of SDI capture

> SDO is tri-stated when CSN is high

> Holding CS_N low continues data read/write accesses

> Read Op-Codes: Registers = 0x83, Coefficient RAMS = 0x87
> Write Op-Codes: Registers = 0x82, Coefficient RAMS = 0x86
> Registers are addressed every 1 byte (8-bits wide)

> Coefficient RAMS are addressed every 4 bytes (32-bits wide)

{//) denotes a “don’t care”

Note: There are 6 “don’t care” clock cycles between the end of the op code and the 8-bit address. The value of SDI during
these clocks has no effect on the chip. There are also two “dead” clock cycles between the end of the address input and data

output on the SDO pin.

The active edge of SCLK is programmable (SCLK_POL bit in the DCONFIG register) to suit the application system timing:

sclk_pol

1

sclk_pol

0

Figure 5: Configuration Interface Transfer Format

SCLK (ilp) 1 N A T B A
{ SDI (ifp) * N
SDO (o/p) z z ¥ K=
[ e Y y
SDO (olp) [/ /7 /*+———— i G G
SCLK (i)~ | L [~ I R
{ SDI (ilp) } | -
SDO (o/p) z | I G
{ o Y .
SDO (o/p) I/ /7 /*+———— T

Rev A16, Apr. 24, 2013

11

www.quickfiltertech.com




(@ DATA SHEET

QF1D512

Quickfilter™

echnologies

5.3 12C Mode of Operation

While the QF1D512 is designed to interface directly with the serial peripheral interface (SPI) bus of microcontrollers and Digital Signal
Processors, it is relatively straightforward to interface to and be controlled by an Inter-IC (I12C) master. Both interface protocols use a
Master/Slave hierarchy and synchronous data transmission, with the SPI interface using two separate data lines (one input and one

output) and the 12C interface using a single bi-directional data line.

The most significant difference in these two interface mechanisms lies in their addressing schemes. Each SPI device has its own chip
select (CS) input. The SPI master selects any given SPI slave device by activating its chip select (for the QF1D512, pulling it low). At
any given time, only one SPI slave will be selected, so any commands sent are responded to by that device. The 12C interface does
not use chip selects. All 12C slave devices receive every command and the addressing scheme, imbedded in the software protocol,

determines which slave is to respond to the command (see figure 5).

RW | A | DaTA | A | DATA |~E| P

L data transferred 4

(n bytes + acknowledge)

S | SLAVE ADDRESS

0" (write)

A = acknowledge (SDA LOW)

A = not acknowledge (SDA HIGH)
S = START condition

P = STOP condition

[] from master to slave

[:] from slave to master

mbe60s

Figure 6: 12C Master/Slave Interaction

Each slave must detect its own address and respond only to those commands intended for it. For this reason, the 12C protocol includes
arbitration and collision detection. While an SPI command is a single stream of bits from the master to the slave (and, for a READ
command, a stream of bits back to the master), an I2C command is a succession of bit-string transfers and Acknowledge/Not-

Acknowledge signals, interspersed throughout the command (see figure 6).

=== r-

—_——————— e

o L7/ A W A B W AN O R N

r—-
I
|
|
I
|

_——————— e L

| 1 P
I | I
bl — | S— |
START ADDRESS R/W ACK DATA ACK DATA ACK STOP
conditicn condition

mbesl4

Figure 7: 12C Master/Slave Command/Response Timing
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In interfacing the QF1D512 to an 12C bus, the presence of an ACK/NAK bit approximately every 8th location in the 12C data stream,
must be properly handled with respect to both the 12C master and the QF1D512. This requires a response from the QF1D512 (or at
least, a simulated response from the interface to the QF1D512). From the perspective of the QF1D512, the presence of the ACK/NAK
bits interferes with the QF1D512’s recognition of the address and data fields within the command and must be removed from the

command stream.

Successfully interfacing the QF1D512 to an 12C bus requires the use of a bridge circuit (see figure 7). The bridge can be implemented
entirely in hardware (e.g., logic gates in a PLD or PAL) or through a combination of hardware and software (e.g., a low-cost
microcontroller with embedded code). In either case, this circuit must recognize and respond to both the start and stop conditions; reply
automatically back to the 12C master with ACK's (signifying that all is well and ensuring that the master continues with the
transmission); and, strip the ACK's from the stream of data sent on to the 1D (the data received by the 1D will look like a normal SPI

command).

U1 12C to SPI Bridge U3 QF1D512
scL [ »SCL SCK« > SCLK
SDA [ > SDA MOSI SDI
MISO SDO
Ccs g /cs

Figure 8: 12C to SPI Bridge Circuit

The 12C-to-SPI bridge will look to the 12C master like an 12C slave and to the QF1D512 like an SPI master. It will intercept the 12C
commands, responding appropriately as applicable, and send on the equivalent SPI command to the 1D.

5.4 12C Configuration Mode Data Format

The 12C bridge circuit must read and acknowledge the QF1D512’s 12C address and strip this address from the SPI command sequence
sent on to the QF1D512 (see figure 8). The first data byte must contain the command opcode (82h for Configuration WRITE, 83h for
Configuration READ, 86h for Coefficient WRITE, or 87h for Coefficient READ) as it will be the first byte received by the QF1D512. The
subsequent data byte(s) will contain the actual data to be written or the data being read.

1T1110XX 0

SLAVE ADDRESS 2w 4 SLAVE ADDRESS| ,
1st 7 BITS = 2nd BYTE e

v

DATA| A DATA

=
b
0

{(write) mbe513

Figure 9: 12C Addressing Protocol
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5.5 Sending Commands in Filter Mode

If the QF1D512 is in Data mode and it is required to reconfigure the device, it is first necessary to switch to Configure mode. This is
done by writing to the FILT_EN bit using the configuration interface.

Note: While all of the configuration registers are accessible while the QF1D512 is in Data mode, the only register that should
be accessed is the CONFIG register (address 0003h) and only the FILT_EN bit (bit 0) should be modified. Accesses to other
registers might result in corrupted filter data or other unpredictable behavior.

In configurations in which the SDI and the DIN pins have been tied together, allowing for single SPI port data filtering, it is necessary to
ensure that the incoming data format does not match either the configuration register access format (see Table 4 Configuration
Register Access Format) or the FIR coefficient memory access format (see Error! Reference source not found.) as this may cause
unintentional writes to configuration or coefficient memory. In other words, take care to ensure that the most significant byte of the data
input does not match either of the WRITE opcodes.
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6 DATA INTERFACE

6.1 Modes of Operation

The QF1D512 is designed to interface directly with a variety of ADC converters. The QF1D512 has four data interface modes:

1. SPI Normal Mode
The data is framed by the DSEL input signal

2. SPI Continuous Mode
Once DSEL is active data is output corresponding to clock bursts on the DCLK input

3. Synchronous Serial Mode
DSEL is used as a trigger to indicate the start of each new sample period. DCLK runs continuously, filtered data is
output on the next n cycles of DCLK according to the programmed word length.

4. 12S Mode
A word select line (WS on the DSEL input) indicates which of two time-division multiplexed data channels is being

transmitted. The channels are transmitted alternately on the data line (SD on the SDI input) and are synchronized by
a clock line (SCK on the DCLK input).

DSEL (ilp) | ] —
DCLK (ifp) —TUIIUIULIIIum._ UIuyUmuume

DIN (ifp) 1IN Input stream Y I input stream I SPI Normal Mode
SDO (o/p) Output stream Output stream

DSEL (ifp) ]
DCLK (ifp) ___ [TUUUUTUUULUIUUUTUL iU,

DIN (i/p) m Input stream X X Input stream X SPI Continuous Mode
SDO (o/p) Output stream Output stream
DSEL (ilp) — L
DCLK (iyp) IITUTIUVTIUUIUT U UULU U UUU T UU U U U wuwL

DIN (irp) 1IN Input stream Y I Input stream I Synchronous Serial Mode
SDO (o/p) f Output stream | ) Output stream I
WS (DSEL) | Channel 1 (left) | Channel 2 (right) [

SCK (DCLK) UL U U U UL UL
) 12S Mode
(D/N) M Input stream XZHZX Input stream XZZZZZX

SD* (SDO) Output stream Output stream

* SD* indicates the 12S data line on the output bus
** DSEL active polarity, DCLK idle phase and data sampling/output phase are all programmable

Figure 10: Interface Modes

Note: In both SPI Continuous Mode and SPI Normal Mode data should be presented to the part only when DSEL is active. In
other words, the data clock, DCLK, should not clock unless DSEL is active. For more information on this requirement,
see Quickfilter Application Note QFAN024 — Quickfilter in Multi-SPl Environment App Note.
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MODE1 | MODEO Bus Mode
0 0 (Default) SPI Normal Mode
0 1 SPI Continuous Mode
1 X Synchronous Serial Mode
1 X 12S Mode

Figure 11: Data Format Selection

The data interface utilizes the DIN (SD for 12S), SDO (SD* for 12S), DSEL (WS for 12S) and DCLK (SCK for 12S) pins. DIN is the input
serial data, and SDO is the output serial data (if FILT_EN = 1). DCLK is the input data clock and DSEL is the framing signal for the
input data:

SPI Normal Mode

DSEL (ifp) ~ | 1 —
DCLK (ifp) . O U O I O S O U O I O

DIN (i/p) 0'to 8 bit header 12 to 24 bit input data 0to 8 bit header 12 to 24 bit input data
SDO (o/p) Q'to 8:bit header 12 to 24 bit filtered data Q'to 8:bit header 12 to 24 bit filtered data

SPI Continuous Mode

DSEL (ifp) ~ | [
DCLK (ifp) — A1 L L LA Ly L LY S O U O I O

DIN (i/p) 0to 8 bit header 12 to 24 bit input data 0o 8 bit header 12 to 24 bit input data
SDO (o/p) Q'to 8bit header 12 to 24 bit filtered data Q'to 8 bit header 12 to 24 bit filtered data

Synchronous Serial Mode

DSEL (ifp) LI LT
DCLK (ifp) ML LA L L L L L LA L L L Y S O ' O I O

DIN (ifp) 0'to 8 bit header 12 to 24 bit input data 0to 8 bit header 12 to 24 bit input data
SDO (o/p) 0'to 8/bit header 12 to 24 bit filtered data 0'to 8/bit header 12 to 24 bit filtered data

128 Mode
WS (DSEL) ~— | |-
el > /M N S I I | I I I I I N O 5 I . 1 I I Y 1 I S Q{1 B B

SD (DIN) 0to 8 bit header 12 to 24 bit input data Q'to 8.bit header 12 to 24 bit input data

SD* (SDO) 0.to 8.bit header 12 to 24 bit filtered data 0to 8/bit header 12 to 24 bit filtered data
Notes:

> Above waveforms assume a transfer format with dclk_pol = 1
> DIN capture edge is determined by dclk_pol setting

> SDO transitions on opposite edge of DIN capture

> DSEL active value is set by the dsel_pol bit

> See text for details on header and data size and offset

> SD* denotes the 12S data line on the output bus

(/7> denotes a “don’t care”

Figure 11: Data Interface Timing Diagram

Note: In SPI Continuous Mode the value of the SDO output (Isb) at the end of the data sample will be held constant until the
header is output for the next data sample.

The QF1D512 supports both 2’s complement and offset binary data formats. The data format is set by the FORMAT bit and the data
mode is selected the MODEO and MODE1 bits in the DCONFIG register (04h).

Default operation is to capture on the rising edge of DCLK (SCK for 12S), but this can be changed to capture on falling edge by writing
the DCLK_POL bit in the DCONFIG register (04h). The active polarity of DSEL (WS for I12S) is also programmable via the DCONFIG
register (DSEL_POL bit), which is especially useful for applications where the input pins are paired; e.g., DIN (SD for I12S) and SDI,
DCLK (SCK for 12S) and SCLK, CS_N and DSEL (WS for 12S).
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DCLK(p) [ | L_ S I
{ DIN (ifp) Z777 XX X1 77T

I3
=
B

SDO (0lp) IZZIDA———
; DIN (ifp) LLLLLLI o X LLLLLLLLLLL
{soom/p)zzzzp’—' i
Bl DCLK (ip) —L_—LI— —Lf 1
| o) DI ZIIIIIT
; { (ip) L c
SDO (olp) I D*—F——7 LA X
’ { DIN (ifp) ZZZ7ZZD T X1 LI T
SDO (op) IITD*+—— N

Figure 12: Data Interface Transfer Format

The QF1D512 supports data widths in the range of 12 and 24 bits, and headers of up to 8 bits.

The format of the input data stream is specified in the HD_OFFSET (address 09h), HD_SIZE (address 0Ah), DATA_OFFSET (address
000Dh), and the DATA_SIZE (address 000Eh) registers. These registers set the header offset, header size, data offset, and data size
respectively of the individual data sample. This allows for a large number of different data formats. Additionally, if the sample data
contains a data valid qualifier, this field can be masked by configuring the HD_MASK, address 0Bh and HD_VALUE, address 0Ch
registers. The filtering of the sample will occur only if this value matches HD_VALUE, address 0Ch, otherwise the raw sample data is
passed directly through to the SDO pin unfiltered.

| data_offset

hd_off

set | hd_size data_size
T

|
1
Input [T T Jo[+[+[oJofo@Mo] T[T T T TTTTTTITTTIT]
hd_mask[0]0]0]0]o]o[1[1 ]

hd_value mmﬂmmﬂﬂ f
filter this data!

Ouput [T [ Jo[[tfofofo[afo T [T T [ TTTTTTTITT]
t J

I 1
previously filtered data

Figure 13: Data Header Masking Example

When configured for FILTER mode, FILT_EN bit set to ‘1'in the CONTROL register (03h), the output stream on the SDO pin will have
the same format as the input stream coming in on the DIN pin. The header data is passed directly through to the SDO pin while the
filtered data has a latency associated with it due to the properties of the FIR filter. If no filtering is being done (data valid qualifier in
header does not match HD_VALUE) coincident header and data will be passed through for possible use down-stream of the QF1D512
device.

When averaging and / or down sampling is active, the data rate will be the same as the incoming data rate, but the number of valid
samples will be reduced by the averaging / down sampling rate.

6.2 Data Passthrough

Sometimes it is required to pass-through the data present at DIN directly to the SDO output, for example when passing configuration
data back from an ADC to the host controller. The data pass-through bit, DIN_PT, in the CONTROL register (03h), will force this to
occur when it is set to 1. In this mode SDO follows DIN immediately, there is no clocking required. This control bit overrides all other
settings for SDO functionality (see next section) and should be set to 0 for either configuration mode or data filtering.
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6.3 SDO Functionality

The functionality of the SDO output pin, depending on the serial port mode selected, can be altered depending on the values of the
control bits DIN_PT and FILT_EN, whether valid data to be filtered is present, and the levels on CS_N or DSEL. This functionality is
illustrated in the following figures:

F T
Z-state spi_sdo || Z-state
IN

D FIR data

Figure 14: SDO Functionality — FIR Coprocessor and SPI Modes

0 0 I 1
1 h’ﬁl ;
:

1
Z-state spi_sdo D FIR data

Figure 15: SDO Functionality — Sync Serial Mode

Notes: 1. The value of DSEL is shown as either True or False, as the active level is user programmable.
2. dt_valid is an internal control bit which is set true when the input data matches the programmed mask values for valid data.
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7 AVERAGING and DOWNCONVERTER

7.1 Modes of Operation

The QF1D512 provides the capability to down-sample the incoming data samples. The divider ratio is any integer value and ranges
from 1 (no down-sampling) to 256. The value is selected in the DECIMATE register (address 08h). In addition to down-sampling and
“throwing away” the intermediate samples, and option is provided to average the samples and forward the averaged value to the
downstream FIR filter. The averaging block effectively adds up N samples, where N is the down-sampling rate, then divides by a power
of 2 by right shifting the result. Note that if averaging is enabled with a down-sampling rate that is not a power of 2, system gain will be
affected. The averaging block always divides by the next highest power of 2 when a non power of 2 down-sampling rate is detected.
Refer to the diagram below. This feature can be useful for noise reduction and possibly increasing bit resolution of the input data
stream. To select filtering of the down sampled data, DEC_AVG_EN, bit 0 of the FCONFIG register (address 05h) is enabled.

Input data word

sample/
hold
Ll accum | gﬁ?,tt (N = 1-256)

Div by next pwr of 2 dds_avg_en
>=N

Output data word

EXAMPLE: N=5
Outdt = (indt1 + indt2 + indt3 + indt4 + indt5) / 8

Can gain back up to nominal in FIR

Figure 16: Averaging /Down-sampler Block Diagram

8 FIRFILTER

8.1 Modes of Operation

The QF1D512 filter can implement a symmetric 512-tap FIR filter or a 256-tap asymmetric FIR filter, which is used to define the precise
filtering characteristics desired. The filter coefficients are 32 bits wide. The filtering provided by the software may be following types:
low-pass, notched low-pass, high-pass, band-pass, dual band-pass, band-stop, and dual band-stop. Currently available filter algorithms
include Parks-McClellan and Windowed Sync. User defined filters can also be implemented.

The QF1D512 can be loaded with up to 256 filter coefficients. To implement a non-folded (asymmetric) filter the FIR_FOLD bit in the
FCONFIG register (05h) should be set to 0, allowing a filter of up to 256 taps. A folded (symmetric) filter of up to 512 taps can be
implemented if FIR_FOLD is set to 1.

Note: For a folded filter, if the number of coefficients (N) is even, a filter of 2N taps will be realized. If N is odd, a filter of 2N-1 taps will
result.

The Quickfilter software allows the user to enter the filter characteristics required and see the predicted performance in terms of
frequency and impulse response. Once the desired performance has been attained, the configuration can be downloaded to the
QF1D512, and the actual filter performance verified, by using the development kit. The development board can be fed with a white
noise source (or other source as desired by the user) and the software can display an FFT of the QF1D512’s filter response.

8.2 FIR Latency

The delay introduced by the FIR filter is dependent on the number of taps of the filter and the data rate of the samples coming into the
FIR filter. The delay is calculated by the following equation:

FIR Delay = (# taps — 1)/2 * 1/fs + 6/f;

For data sampling at a 10 kHz rate, the latency will result in:
512 tap (maximum) filter: Latency = 25.5ms
100 tap filter: Latency = 4.95ms
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Note: If using the Quickfilter Pro development software the latency of a particular filter is calculated and displayed in the Information bar
on the “Filter” tab.

9 Voltage Regulator

9.1 Mode of Operation

The QF1D512 provides an internal linear voltage regulator to allow for operation from a single 3.3V supply. To use this feature, the
input to the voltage regulator (pin RVDD33) is connected to the 3.3V supply. The output (pin RVDD18) is connected to the VDD18 pin.

To disable this feature, tie RVDD33 to Ground and leave the RVDD18 pin unconnected (or connected to GND). When disabled the
regulator consumes no power.

The regulator may be used to power additional 1.8V devices in the system. The output current drawn by the 1.8V circuitry of the
QF1D512 plus the current drawn by any external devices must not exceed the maximum rating in Electrical Characteristics. It is
important to provide adequate decoupling on the regulator output to eliminate droop due to switching of any connected loads.
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10 CONTROL REGISTERS

10.1 Overview

The QF1D512 internal data is separated into configuration registers and coefficient memory.

Table 2 Register and Memory Format

Registers Address Range Data Size Write OpCode Read Opcode
Device Configuration 0x0000 — 0x0018 8 bit 0x82 0x83
FIR Coefficients 0x0000 — 0xO0FF 32 bit 0x86 0x87

Hex*
0000h

0001h
0002h
0003h
0004h
0005h
0006h
0007h
0008h
0009h
000Ah
000Bh
000Ch
000Dh
000Eh
000Fh
0010h
0011h
0012h
0013h
0014h
0015h
0016h
0017h
0018h

Table 3 Control Registers

Register Name
TEST_RW

CHIP_ID
VERSION
CONTROL
DCONFIG
FCONFIG
NUM_TAPS
NUM_TAPS
DECIMATE
HD_OFFSET
HD_SIZE
HD_MASK
HD_VALUE
DATA_OFFSET
DATA_SIZE
TEST
I0_TST
IO_RST_N
10_DCLK
10_DSEL
I0_DIN
I0_CS_N
10_SCLK
10_SDI
10_SDO

Description
Software Register, Test Reads and Writes

Chip ID Number

Chip Version Number
Mode Control Register
Data Format Control
Filter Control and Status
Number of Taps, lower bits
Number of Taps, upper bits
Down-sampling Rate
Header Offset

Header Length

Header Valid Mask
Header Valid Value

Data Offset

Data length

Chip Test Register

TST Pin Configuration
RST_N Pin Configuration
DCLK Pin Configuration
DSEL Pin Configuration
DIN Pin Configuration
CS_N Pin Configuration
SCLK Pin Configuration
SDI Pin Configuration
SDO Pin Configuration
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10.2 Configuration Registers
Accessing the configuration registers uses an SPI access as shown below.

Table 4 Configuration Register Access Format

OPCODE ADDRESS UNUSED DATA
Number of bits 8 bits 14 bits 2 bits 8 bits per register
Write Access 82h 0000h — 0018h Don'’t care 00h — FFh
Read Access 83h 0000h — 0018h Don'’t care 00h — FFh

Note: * Multiple registers can be written/read by extending the SPI access cycle.

Listed below are the detailed configuration register definitions.
Note: * denotes default values

— 1 00h TEST_RW (User Register)
Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 00h D7 D6 D5 D4 D3 D2 D1 DO

Description: Provided as a blank user byte for the programmer to read and write to as a test. This byte defaults to 0 at power up.

— 2 01h CHIP_ID (Chip ID) - READ ONLY

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 01h ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

[ID7:ID0] = Identification number of the QF1D512, default = BOh.
Description: This read-only byte contains a number describing the identification of the QF1D512 device.

— 3 02h VERSION (Version) - READ ONLY

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 02h VER7 VERG6 VERS VER4 VERS3 VER2 VER1 VERO

[VER7:VERO] = Version number of the QF1D512, default = 01h.
Description: This read-only byte contains a number describing the version of the QF1D512 device.

— 4 03h CONTROL (Filter/Pass Through Control)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 03h X X X X X X DIN_PT FILT_EN

[FILT_EN]

*0 = Configuration mode, SDO pin outputs the configuration register.

1 = Filter mode, SDO pin outputs the signal path data.

Description: Selects the data source of the SDO pin and enable the Signal processing blocks and data path.
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[DIN_PT]

* 0 = Normal operation, SDO pin outputs the Configuration register or signal path data.
1 = Data pass through, SDO pin outputs the data on the DIN pin

Description: Puts the QF1D512 in Bypass mode.

— 5 04h DCONFIG (Data Format Control)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 04h X X MODEH1 MODEO FORMAT | DSEL_POL | DCLK_POL SCLK_POL

[SCLK_POL]

0 = Input (SDI) Data is captured on the falling edge of SCLK.

*1 = Input (SDI) Data is captured on the rising edge of SCLK.

Description: Selects the clock edge of SCLK on which the data on the SDI is captured. SDO is output on the opposite edge.

[DCLK_POL]

0 = DIN is captured on the falling edge of DCLK.

*1 = DIN is captured on the rising edge of DCLK.

Description: Selects the clock edge of DCLK on which the data on the DIN pin is captured. SDO is output on the opposite edge (Filter
mode).

[DSEL_POL]

*0 = DSEL is active low.

1 = DSEL is active high.

Description: Selects polarity of the DSEL pin.

[FORMAT]

*0 = Incoming data format is 2’s complement.

1 = Incoming data format is offset binary.

Description: Selects the data format of the incoming data.

[MODE1:MODEQ]

*00 = Input data mode is SPI Normal Mode.

01 = Input data mode is SPI Continuous Mode.
1X = Input data mode is Synchronous serial mode
Description: Selects the data input mode.

— 6 05h FCONFIG (Filter Control)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 05h X X X X X OVF_FLAG FIR_FOLD DEC_EN

[DEC_EN]

*0 = Averaging of down-sampled data is disabled.

1 = Averaging of down-sampled data is enabled.
Description: Selects the averaging of down-sampled data.

[FIR_FOLD]

0 = FIR Filter is not folded (asymmetric, 256 taps maximum).

*1 = FIR Filter is folded (symmetric, 512 taps maximum).

Description: Selects whether the FIR filter is symmetric (folded) or asymmetric.
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[OVF_FLAG]
*0 = FIR filter has not overflowed.

1 = FIR filter has overflowed.
Description: Indicates that the FIR filter has overflowed. To clear, write a ‘0’ to this bit.

— 7 06h NUM_TAPS (Number of FIR Filter Taps, Lower Bits)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 06h NTAP7 NTAP6 NTAPS NTAP4 NTAP3 NTAP2 NTAP1

— 8 07h NUM_TAPS (Number of FIR Filter Taps, Upper Bit)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 07h X X X X X X X

Bit 0

NTAPO

Bit 0

NTAP8

[NTAP8: NTAPO] = Number of taps in the FIR filter, range from 0 to 511 (= 1 — 512 taps), default = 1FFh (512 Taps).

Description: Sets the number of taps in the FIR filter.

— 9 08h DECIMATE (Down-sampling Rate)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 08h DEC7 DEC6 DEC5 DEC4 DEC3 DEC2 DEC1

Bit 0

DECO

[DEC7: DECO] = Down-sampling rate, range from 0 (no down-sampling) to 255 (= 256 down-sampling rate), default = Oh (no down

sampling).
Description: Sets the down-sampling rate from 1 (no down-sampling) to 256.
— 10 09h HD_OFFSET (Offset of Header Field)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 09h HDOFF7 HDOFF6 HDOFF5 HDOFF4 HDOFF3 HDOFF2 HDOFF1

[HDOFF 7: HDOFF 0] = Header field offset in bits, range 0 to 255, default = Oh.
Description: Sets the offset in bits in the data word of the header.
— 11 O0Ah HD_SIZE (Size of Header Field)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 0Ah X X X X HDSIZ3 HDSIZ2 HDSIZ1

[HDSIZ3: HDSIZ0] = Header field size in bits, range 0 to 8, default = Oh.
Description: Sets the size of the header field.

Bit 0

HDOFFO

Bit 0

HDSIZ0
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— 12 0Bh HD_MASK (Header Data Valid Mask)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 0OBh | HDMSK7 | HDMSK6 | HDMSK5 = HDMSK4 | HDMSK3 | HDMSK2 | HDMSK1 HDMSKO

[HDMSK 7: HDMSK 0] = Header data valid bits, default = Oh.
Description: Sets the bits of the header which are used to indicate the data valid condition of the sample.
— 13 0Ch HD_VALUE (Header Data Valid Value)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address 0Ch HDDV7 HDDV6 HDDV5 HDDV4 HDDV3 HDDV2 HDDV1 HDDVO

[HDDV 7: HDDV 0] = Header data valid bit pattern, default = Oh.

Description: Sets the pattern in the header which indicates that the data is valid. This value has the mask defined in the HD_MASK
register (0Bh) applied to it.

— 14 0Dh DATA_OFFSET (Offset of Data Field)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address ODh | DAOFF7 DAOFF6 DAOFF5 DAOFF4 DAOFF3 DAOFF2 DAOFF1 DAOFFO0

[DAOFF 7: D DAOFF 0] = Data field offset in bits, range 0 to 255, default = Oh.
Description: Sets the offset to the data field in the incoming data.
— 15 OEh DATA_SIZE (Number of Bits in the Data Field)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address OEh X X X DASIz4 DASIZ3 DASIZ2 DASIZ1 DASIZ0

[DASIZ4: DASIZ0] = Data field size in bits, range 12 to 24 bits, default 10h (16 bits).
Description: Sets the number of bits in the data field. Only values 12 through 24 are valid. Unpredictable results may occur for values
outside this range.

— 16 OFh TEST (Chip Test Register) - RESERVED Y

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address OFh X X X X X X X X

Description: The register is reserved and should not be accessed. Unpredictable results may occur if accessed.
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— 17 10h IO_TDT (TST Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 10h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the TST pin.

[PD_EN]

0 = No pull down resistor on input.

*1 = 75K Ohm pull down resistor on input.

Description: Enables the pull down resistor on the TST pin.

[PU_EN]

*0 = No pull up resistor on input.

1 = 75K Ohm pull up resistor on input.

Description: Enables the pull down resistor on the TST pin.

— 18 11h I0_RST_N (RST_N Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 11h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on RST_N pin.

[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull down resistor on input.

Description: Enables the pull down resistor on the RST_N pin.

[PU_EN]

0 = No pull up resistor on input.

*1 = 75K Ohm pull up resistor on input.

Description: Enables the pull down resistor on the RST_N pin.

— 19 12h I0_DCLK (DCLK Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 12h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the DCLK pin.

Bit 0

SMT_EN

Bit 0

SMT_EN

Bit 0

SMT_EN
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[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull-down resistor on input.

Description: Enables the pull down resistor on the DCLK pin.

[PU_EN]

*0 = No pull up resistor on input.

1 = 75K Ohm pull-up resistor on input.

Description: Enables the pull down resistor on the DCLK pin.

— 20 13h I0_DSEL (DSEL Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 13h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the DSEL pin.

[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull-down resistor on input.

Description: Enables the pull down resistor on the DSEL pin.

[PU_EN]

*0 = No pull up resistor on input.

1 = 75K Ohm pull-up resistor on input.

Description: Enables the pull down resistor on the DSEL pin.

— 21 14h |0_DIN (DIN Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 14h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the DIN pin.

[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull-down resistor on input.

Description: Enables the pull down resistor on the DIN pin.

[PU_EN]

*0 = No pull up resistor on input.

1 = 75K Ohm pull-up resistor on input.

Description: Enables the pull down resistor on the DIN pin.

Bit 0

SMT_EN

Bit 0

SMT_EN

Rev A16, Apr. 24, 2013 27

www.quickfiltertech.com




(@ DATA SHEET

QF1D512

Quickfiter™
— 22 15h10_CS_N (CS_N Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 15h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the CS_N pin.

[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull-down resistor on input.

Description: Enables the pull down resistor on the CS_N pin.

[PU_EN]

0 = No pull up resistor on input.

*1 = 75K Ohm pull-up resistor on input.

Description: Enables the pull down resistor on the CS_N pin.

— 23 16h I0_SCLK (SCLK Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 16h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the SCLK pin.

[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull-down resistor on input.

Description: Enables the pull down resistor on the SCLK pin.

[PU_EN]

*0 = No pull up resistor on input.

1 = 75K Ohm pull-up resistor on input.

Description: Enables the pull down resistor on the SCLK pin.

— 24 17h 10_SDI (SDI Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Address 17h X X X X X PU_EN PD_EN

[SMT_EN]

0 = Normal input.

*1 = Schmitt trigger input.

Description: Enables the Schmitt trigger input on the SDI pin.

Bit 0

SMT_EN

Bit 0

SMT_EN

Bit 0

SMT_EN
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[PD_EN]

*0 = No pull down resistor on input.

1 = 75K Ohm pull-down resistor on input.

Description: Enables the pull down resistor on the SDI pin.

[PU_EN]
*0 = No pull up resistor on input.
1 = 75K Ohm pull-up resistor on input.

Description: Enables the pull down resistor on the SDI pin.

— 25 18h10_SDO (SDO Pin Configuration)

Bit 7 Bit 6 Bit 5 Bit 4

Address 18h X X X X

[SLEW]
*0 = Slow slew rate.
1 = Fast slew rate.

Bit 3

X

Bit 2

DR2MA

Bit 1

DR4MA

Bit 0

SLEW

Description: Selects the slew rate for the SDO pin. Fast slew rate is recommended for SCLK frequencies greater than TBD Hz.

[DR4MA] [DR2MA]

DR2MA | DR4MA | Output
0 0 2mA
1 0 4mA*
0 1 6mA
1 1 8mA

Description: Configures the output driver current for the SDO pin.
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10.3 Coefficient Memory
Accessing the coefficient memory uses an SPI access as shown below.

Table 5 FIR Coefficient Memory Access Format

OPCODE ADDRESS UNUSED DATA
Number of bits 8 bits 14 bits 2 bits 32 bits per memory location*
Write Access 86h 0000h — 00FFh Don'’t care 0000h — FFFFh
Read Access 87h 0000h — 00FFh Don'’t care 0000h — FFFFh

Note: * Multiple memory locations can be written/read by extending the SPI access cycle.

0000h — 0400h COEF_RAM (FIR Filter Coefficient Memory)
Bit 31 — Bit0

Address 0000h — 00FFh Data 31 — Data O

Description: FIR filter coefficient memory.
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11 Operating Mode Configurations

Note: Data paths in bold, Control paths in regular. Filter data in blue, configuration data in orange.

11.1 SPI FIR Coprocessor Mode

VDD

T | QF1D512
cs nj« cs
- din sdo o= P>
sdi (€
i § g sclk |«
L 4 uP/DSP
sclk
mosi
Figure 17: SPI FIR Coprocessor Mode
11.2 Inline Normal SPI Mode
T | QF1D512
cs1
cs_nid
dout * B din sdo miso >
sclk [€—
- = o
% 3 B
L L4 4 uP/DSP
dclk
Ik
< ri\(;si
=
< cs0

Figure 18: Inline Normal SPl Mode

Rev A16, Apr. 24, 2013 31 www.quickfiltertech.com




X

DATA SHEET

QF1D512

Qu‘ickﬁlter’“
echno I":\ es

11.3 Inline Continuous SPI Mode (CS_N tied to GND)

ADC

VDD

11.4 Inline Synchronous Serial Mode (uP clock slave)

ADC

T | QF1D512
1
cs_ni< e
dout P din sdo miso >
Ik
sclk |« ¢
- =< 0
heo] [$] [72)
() © ©
I A4 4 uP/DSP
dclk
adcclk
: mosi
cs0 spi_rst
drdy
P start d
Figure 19: Inline Continuous SPI Mode
VDD
T | QF1D512
cs_ i< cs1'
] mosi )
dout _ sdi < iso Config
din sdo P Interface
sclk ¢ sclk
X O
(&) [72)
o] ©
£ A A uP/DSP
—P data
<] o P clk
p FS
start conversion

OSC

Figure 20: Inline Synchronous Serial Mode
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11.5 Inline SPI DAC

Figure 21: Inline SPI DAC

11.6 ADC Configuration Read / Write — QF1D512 Passthrough

ADC

VDD

T | QF1D512
cs_na——"
dout B din — sdo miso >
= X x ©
3 8 9 O
A
£ A 4 uP/DSP
dclk
sclk
A
< Mosi
< =
drFiy/busy* >
< misc_control

Figure 22: ADC Configuration Read / Write

DATA SHEET QF1D512
VDD
QF1D512 | T
cs1
Pprcs n
P sdi sdo
sclk | sclk
g 8 s u
uP/DSP ok T+ 4L
< miso
mosi
cs0
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11.7 QF1D512 Configuration Mode

VDD

[ QF1D512
cs1
cs_nj«
* miso
% din sdo
— X ~x
© O O w
(%) o o ©O
A
£ A A uP/DSP
dclk
ADC
< sclk.
< Mosi
« oS0
drdy/busy*
< misc_control
Figure 23: QF1D512 Configuration Read / Write
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12 Packaging Information
3 x 3 x0.9mm, VQFN 16, 0.8 mm Pull Back Lead (JEDEC)

Dz 0.20 MIN (K}

|
U | 14

Q.15 MAX —-—”-—

el

{"L_

E?

[
D |
D

.
t
[

el
- _I‘____ —_—

=
—l 1.500+0.050 |-

A O J
m d |E|Q| D
L I J.,-'..-hl.____,--"
FETeEAE o N\ 0 o
H:'* Eﬂ.lﬂ{@' CIAIB b l=— . 1.O OFTION
VI:ETML A {'\IUTE 23

B

- ‘\‘
LJ U "\ g‘

[{ij

¢

EVEN TERMINAL

CDD TERMINAL

DETAIL A

Figure 24: VQFN 16, Bottom View

1f——3.000 BSC (D)

=]

3.000 85C (E)
|
+
|

2X[CN[0.15]C

//10.10[C

—0.900%0.100

__0.050
1™ 0.000

BARE COPPER

Figure 25: VQFN 16, Top/Side View
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Table 6 VQFN 16, Dimensions
VARIATION 3B
SYMBOL MIN | Nom| wmax
a 0.50 BSC
b 0.18| 0.23| 0.30
E2 1.60| 1.70| 1.80
D2 1.60| 1.70| 1.80
0.35| 0.40] 0.45
16 LD
ND 4
NE 4
JECEC D—
VARIATION VEED—4
INTERNAL kit
FEATURE STANUARE
PEF 16—015-003
P/‘f\ AG SPOT N/A
AC RING|A\16—-016-091
PKG CODE VO 016
Notes:

1. Dimensions are in millimeters.
2. Interpret dimensions and tolerance per ASME Y 14.5M-1994
3. For PCB layout, it is recommended that no pad, solder paste, vias, or traces be placed under the part.
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Control Register Listing

00N TEST_RW (USEI REGISTEI) ...eeeeiiiiiiiiieit ettt e e e oo oo ettt e et e e e e e e e e e e bbbt e et e eeaeeeeseaaanens 22
01h CHIP_ID (Chip ID) = READ ONLY ...ttt ettt ettt e ettt e e s a et e e e sae et e e e s nes et e e e annae e e e e s anneeeeeeannneeeeeaanneneeens 22
02h VERSION (Version) - READ ONLY ...ttt ittt ettt e e ettt e e e e st e e e e e e ne et e e e aameeeeeesannteeeaesansseeeeeannnteeeeaanneneeens 22
03h CONTROL (Filter/Pass Through CONTrOl) ..........coiuuiiiiiiiiiie ettt et e e ettt e e st e e e e annteeeeannneeeeens 22
04h DCONFIG (Data FOrmat CONIOl) ...ttt e e ettt et e e e e e e e et e e e e e e ae e e e e e aaanees 23
(0] I L 10 N [T (11 YO0 a1 o SRR 23
06h NUM_TAPS (Number of FIR Filter Taps, LOWEE BiS)........uuiiiiiiiiiiiiiiieieeet et 24
07h NUM_TAPS (Number of FIR Filter Taps, UPPer Bit) ..........eeoiiiiiiiiiii et 24
08h DECIMATE (Down-sampling RAE).........uuiiiiiiiiiiiii ittt e e e e e e e e e e e e e e e e e e aaannes 24
09h HD_OFFSET (Offset of HEAdEr FIlA) ........ueiiiiiiiiiiii et e e e e e e e 24
OAh HD_SIZE (Size of Header FIeld) ..ottt et e e e e e e e et e e e e e e e e e e e aaanees 24
0Bh HD_MASK (Header Data Valid MaSK) ..........ueiiiiiiiiiiiie ettt et e e e e e e e st e e e e e e e e e e aaannes 25
0Ch HD_VALUE (Header Data Valid VAIUE) ........ccoui ittt e e e et e e e e e e e e e einees 25
ODh DATA_OFFSET (Offset of Data Fi@ld) .........couiiiiiiiiiie ettt e e e e e e e e e e e 25
OEh DATA_SIZE (Number of Bits in the Data Field)........ccoueiiiiiiiie e 25
OFh TEST (Chip Test Register) — RESERVED Y ...ttt e e e e e e e aainees 25
10h IO_TDT (TST Pin CONfIQUIATION) ....ceiiiiiiiiieiiiieii ettt ettt e et e e sttt e e e e st e e e s annbe e e e e annbeeeeeannbeeeeeanbeeeaeeanneeas 26
11h IO_RST_N (RST_N Pin CONfIQUIation).......coiiuieiiiiiiiiiie ittt st e e e s ettt e e e e st e e e e s nbee e e e enereeeeeenneeas 26
12h IO_DCLK (DCLK Pin CONfIQUIALION) ......eeiiieiiiieiie ettt ettt e sttt e e sttt e e e e e st e e e e ennbee e e e enbeeaeeeanneeas 26
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14h 1O_DIN (DIN Pin CONfIQUIAtION) ....coiiiiiiiiiit ettt e e e e oo s et e et e e e e e e e st e e e eeeeaeeeaeas 27
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