DEVICES INCORPORATED

L7710

High-Speed FFT Processor

FEATURES

DESCRIPTION

0 100 MHz Operation

0O Computes up to a 1024 Point
Complex FFT in 18 us* using a
single Processor

O 4Programmable Complex FFT Point
Sizes: 16 Point (240 ns), 64 Point

(1.2 ps), 256 Point (3.4 ps), and 1024
Point (18 ps)**

O Supports Both Forward and Inverse
FastFourier Transforms

O Configurable as aFIR Filter with up
to 1024 Complex Taps

O Contains Seven Built-In Windowing
Functionsin ROM

O Window Buffer (2K x 16-bit) enables
Usersto Program their own Complex
Window Functions through Inde-
pendent Address and Data Input
Lines

O Standby Modes resultin Significant
Power Savings while simultaneously
Retaining Internal Memory Data

0O 16-bit Fixed Point Data Precision (96

dB Dynamic Range) on Output with

20-bit Internal Computation Preci-
sion

224K-bit Internal RAM

1.5M-bit Internal Function

3.3Volt Power Supply

5VoltTolerant1/0

Package Styles Ay

= 160-pin Plas

= 160-pin Flatpa

OOooOooog

* 1024 Complex Computation time based
on XY Mode with 25% Input Overlap. 1024
Complex FFT with No Overlap and Averaged
Linear or Decibel Power is computed in 24 ps.

All Computation times based on XY Mode
with 25% Input Overlap.

*%

The L7710, a high-speed Fast Fourier
Transform Processor, allows extremely
fast FFT computations to take place
within a single monolithic device. All
databuffering and working storage
required for up to a 1024 point com-
plex FFT operation are on-chip. This
eliminates the need for expensive,
high-speed external memories while
decreasing internal computation time.

coefficients are presented to the
processor core every 10/ and output

The core transform processor is
comprised of a DragonFly™ processor
which computes 4-point comple
transforms in approximately 10ns

appears to the user as if itwere a
ynchronous SRAM with all appropri-

sustained computatio ate signals.
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DEVICES INCORPORATED

Some applications of the L7710 in the
telecommunicationfield are: Wireless
Base Stations, Satellite Communica-
tions, Software Defined Radios, Cable
Modems and OFDM Applications.
Some sample instrumentation applica-
tionsinclude: Digital Spectrum
Analyzers, Modulation Analyzers, and
Distortion Analyzers.

SIGNALDEFINITIONS

Power

VccandGND

+3.3 V power supply. All pins must be
connected.

Clock

CLK — Master Clock

The rising edge of CLK strobes all
enabled registersand inputmemory
latches.

OCLK —Output Clock

Therising edge of OCLK strobes the
outputbuffermemoryandthefollowing
flags: EF, OVF and EOT.

Inputs
DIN15-0— Data Input
DIN15-0 is the 16-bit registeked bidiree?
dependent on CACE

the DRD/DWE pi
therisingedge 6

DWE is held LOW\ T¥edata format is
two’s copiptement.
AIN10 @) indow Input Address

DIN15-0 and ““ 15-0 and is controlled
by CACC1-0(Tableb).

WIN15-0— Window Input

WIN15-0 is the 16-bit registered data
input port. This input port is actually
bidirectional. Depending on the value
present on CACC1-0and WRD/WWE,
this port may act as an output port.

High-Speed FFT Processor

Ficure 1.

INPUT AND WiNDOW DATA FORMATS

Input Data

[15 14 13 % 2 1 0 |
_215 214 213 22 21 20
(Sign)

Window Data

[15 14 13 % 2 1 0 |
_215 214 213 22 21 20
(Sign)

—\\

Ficure 2. INPuT AND WINDOW ADDRESS FORMﬁIS\ \\

Input Data Address

[10 9 s wd 2 1 0|
210 29 28 22 21 20

w 22 ot 20

wiidow O Adess
Mt Address

[10. 972" ®8-—2" 1 0 |

N\

\"

Real/lmagin o]

[15 14 13 & 2\ b 0D

_215 914 913 w

(Sig

ode

[14\13 12wap 2 1 0 |

214 2 12 22 21 20

Decibel Mode

? [15 14 13 % 2 1 0
_215 214 213 22 21 20
(Sign)

FIGURE 3. DATA OUT)RLLFORW\}S\ \\
“ \4

XY Mode (Averaged)

[15 14 13 % 2 1 0 |
_215 214 213 22 21 20
(Sign)

Averaged Linear Power Mode

[14 13 12 2 1 0 |
214 213 212 22 21 20

Averaged Decibel Mode

[15 14 13 % 2 1 0 |
_215 214 213 22 21 20
(Sign)

Data is latched on the rising edge of
CLK, provided WRD/WWE is held
LOW. The data format is twao’s
complement.

Outputs

DOUT15-0 — Data Output

DOUT15-0 is the 16-bit registered data
output port. See Figure 3.

ADOUT10-0— Data Output Address

ADOUT10-0is the registered bidirec-
tional address bus for DOUT15-0. In
Continuous Mode (CTM=1), the
LF7710 outputs data output address
information automatically and sequen-
tially. To read out data from DOUT15-0
in any order, present addresses to
ADOUT?10-0 while in Non-Continuous
Mode (CTM=0).

Logic Products
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High-Speed FFT Processor

TaBLE 1. OVvERLAP MODE TABLE 4. TRANFORM LENGTH CONTROL
OVCi-0 Configuration SZ1-0 Transform Length DF Passes PLL CLKS/Pass
00 No Overlap 00 16 2 19
01 25% 01 64 3 31
10 50% 10 256 4 79
11 75% 11 1024 5 \ 71
£—\\
TasLE 2. WinbOow MoDE TasLE 5. Appress LiNe ConTrRoL (CTM =0 &,GBG\\
WD2-0 Configuration CACC1-0 Active Loading Location Active ma]ng Data Bus”
000 Rectangular Window 00 Control Register < < /VOIM
001 Bartlett 01 Window RAM IW
010 Hamming 10 Data Input RAM ¢ 5 _BIN15-0
011 Hanning 11 Data Input & Window RAM \BM\{& WIN15-0
100 Trapezoidal
101 Blackman-Harris TaABLE 6. ADDRESS LINE CON'I%Q\(C-N\X\ 1 & CB=0)
110 Welch CACC1-0 Active Loadléq\roﬂ\ \&c\tvfe Corresponding Data Bus
111 Buffer 00 CO@O{ Rﬁ\éﬂgr L/ WIN15-0
01 /\WIrﬁ({NAM\ WIN15-0
TasLe 3. PLL Mope 10 ANDWNAN Y N/A
PLL1-0 Bus Options 11 \\)\(NMRM WIN15-0
00 x1 A\ NV
01 X2 T@R?.\B\\Lt{FI:R\\RéSET (CB=1) TaBLE 8. STANDBY MODES
10 x3 CACC10N.  Location to be Cleared STDBY | HOLD Operation
11 x4 a 00 Control Register 0 0 Normal Operation
SCL5-0— Output Scaling Factor 01 Window RAM 0 1 Output Buffer Held
. \]\9/ Input RAM 1 0 Soft Standby
SCLs-0is the registered out \l/ Output RAM 1 1 Hard Standby
factor for the currenttrans

read from the outputb

iscompleted in Continuous Mode.
OVF — Overflow Flag

When OVF goes HIGH, thisindicates an
internal data overflow. OVF will not

go HIGH if SCALE has been setto the
default mode, all zeros. In this mode,

e device performsblock floating
point which acts as an automatic
internal scale to prevent overflow. If
SCALE is set to any value other than 0,
the user should monitor OVF.

FF—Full Flag

FF will go LOW indicating that the
data input buffer is full. FFwill be
HIGH at all other times. FF will
automatically become HIGH upon
systemreset.

EF — Empty Flag

EF will go LOW indicating that the
data output buffer isempty. EF will be

HIGH at all other times. EF will
automatically become LOW upon
systemreset.

Controls
CTM — Continuous Transform Mode

When CTM is LOW, Non-Continuous
Transform operation is possible.
When TEN is pulsed LOW, the trans-
form starts (or restarts if the previous
transformwas in mid-computation).
When CTM is HIGH, Continuous
Transform Mode is enabled, which
places the device in synchronous
operation. While in Continuous

Logic Products
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High-Speed FFT Processor

TaABLE 9. VALID ComBINATIONS OF OVERLAP MopEes (OVC1-0) and PLL Mobes (PLL 1-0) For CTM=1
Full Complex Transform
OVC1-0 | PLL1-0 Mode x1 (100 MHz) TECHNICALNOTE:
00 Valid Operation When operating in Continuous Transform Mode, (CTM=1), Data Startvation
o1 Valid Operation is only possible if the Automatic Continuous Operatipn pin.is disabled,
- - (ACOP=0). In this case, the core FFT processor, will continuousl|y run,
10 Valid Operation without regard to the state of the input and output buffers, and it i$ up to the
11 Valid Operation user to properly throttle the core using the HOLD pin.
OVC1-0 | PLL1-0 Mode x2 (50 MHz _
( - ) When ACOP = 1 however, Data Starvation is not' po e, because the
00 Data Starvation core is automatically throttled based on the 2 jnput and output
01 Data Starvation buffers. In this case, the core will wait for the eading the data
10 Valid Operation as it becomes available. Then it will run unt|l both tput buffers are full.
- - Once both output buffers are full, theCere ally halt, until an
1 Valid Operation output buffer becomes available to wr e input buffer may
OVC1-0 | PLL1-0 Mode x3 (33 MHz) become full, halting the user frem writting ffer based on their
0 Data Starvation output read rate. This possibility.can be calCulated based on the following
_ formula:
01 Data Starvation loe 4 Caculation (Calculation)
10 Data Starvation EETTimMe = JMputLatency atency Passes Length
PLLcLK
11 Valid Operation
+ Output
OVC1-0 | PLL1-0 Mode x4 (25 MHz) Latency
00 Data Starvation
01 Data Starvation
10 Data Starvation ula’should also be used to calculate the ideal PLL factor for
11 Valid Operation

Transform Mode, the part acts like
“Data Pump.” Data MUST be

expected and likewise, outp
shifted outinaFIFO-like

ge

DBO — Linear Power/dB Output

When DBO is HIGH, dB Output format
is selected. When DBO is LOW, Linear
Power format is selected. See Table 10.

| ut buffer contents steady
OLD is held HIGH. When

ailows data to be changed. When the

device is in Standby Mode, the data in XYMODE— XY Mode

all the buffers is static, regardless of the
status of HOLD. If HOLD and STDBY
are HIGH, the device is in a “hard
standby mode”. Refer toTable 8 for
standby modes.

SCTRL — Scale Control
When the devicens in Continous
Transform Modeé (CTM=1), TEN should
be held LOW. When the deviceisin
Non-Continuous Mode (CTM=0), TEN
can be pulsed LOW to start a transform.
Should TEN be pulsed LOW in the
middle of atransform computation, the
transformwill restart.

When SCTRL is LOW, scaling is
automatically handled internally
through block floating point. When
SCTRL is HIGH, scaling is achieved
through the scaling registers and is
under user control.

When XYMODE is HIGH, the device is
in XY Mode. The output mode can be
either Real/Imaginary or XY Mode
(Averaged) depending on the value of
AVG. If XYMODE is LOW the device
isin Power Mode. The output can be
in one of the following modes: Linear
Power, Decibel, Averaged Linear
Power,and Averaged Decibel Power.
See Table 10.

AVG — Average Real and Imaginary

When AVG is enabled, Exponential
Window Averaging on Power is
performed. See Table 10.

Logic Products
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Ficure 4. CoNTROL REGISTER
Map (CACC1-0=00)

XX o o o XX|7FFh

XX o o o XX
ALPHA
SCALE

CR1
CRo

15 eee O

004h
003h
002h
001h
000h

FILT —FFT/FIR Operation Mode

When FILT is held LOW, the device is
in FFT Mode. When FILT is held
HIGH, the device is in FIR Mode.

WD2-0 — Window Configuration

WD2-0 is the 3-bit Window Configuration
mode select which determines the type
of Window used and is selected from
the seven predefined configurations
stored in the Window Configuration
ROM or the user-definable Window
RAM. See Table 2.

High-Speed FFT Processor

It also determines the buffer location to
be cleared depending on the value of
CB. Forinstance, in order for the user
to read the Control Register 1, CACC1-0
should be set to 00. The value 001h
would then be loaded thiough AIN1o0-
0. Datafrom Control Re
then be made available @
Refer to Tables 57

INV—Forward/Inverse Transform Control

When INV is LOW, Forward Transform
isselected. WhenINV is HIGH, Inverse
Transform is selected. This signal
controlled internally when the device
isin Filter Mode.

SZ1-0— Complex Transform Length

SZ1-0is the 2-bit Transform Length
selector and is selected from the four
predefined configurations. See Table 4.

OVC1-0 — Overlap Control

OVCi-0isthe 2-bit Overlap Control
which determines the type of overlap
used and is selected from the four
predefined configurations. See Tak

PLL1-0— PLL Mode

he device isdetermined by the
internal control registers.

and is selected from t
defined configurations.

OE —Output Enable

Data is available on the output port
(DOUT15-0) on the falling edge of CLK
while OE is held LOW. When OE is
HIGH, DOUT15-0 is placed in a high-
impedance state. CLKOUT is not
affected by OE.

RAM) dependijrg on the value of CTM.

/)

Ficure 5. Commls}qﬁl I\M
)]

K:;uv

WD2 | WD1 | WDo | FILT | AVG |xymope| DBO [SCTRL|HOLD | TEN | CTM

10 9 8 7 6 5 4 3 2 1 0

EOT AND OVF ARE READ-ONLY BITS, THE REST ARE READ-WRITEABLE

<

FiGURE 6. E}ONTROL RecIsTER 1 MaP

0 0 0 0 0

0 PLL1 | PLLo 0 0 OVC1 | OVCo 0 0 SZ1 SZo

15 14 13 12 11

RESERVED BITS: 15-10,7, 6, 3, 2

10 9 8 7 6 5 4 3 2 1 0
ALL BITS ARE READ/WRITABLE

Logic Products
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High-Speed FFT Processor

DRD/DWE — Data Read/Write Enable

If DRD/DWE is held LOW while CE is
held LOW, data on DIN15-0is written to
the corresponding location associated
with CACC1-0 on the rising edge of
CLK. If DRD/DWE is HIGH while CE
is LOW, DIN15-0 is placed in an output
mode in order to read data. If CE is
HIGH, DIN1s-0 is tri-stated.

WRD/MWWE —Window Read/Write Enable

If WRD/WWE is held LOW while CE
is held LOW, data on WIN15-0is

written to the corresponding locatio
associated with CACC1-0 on the risj

an output mode in order to'reas
If CE is HIGH, DIN15-0-istri-st

CB — Clear Bufie

Clearsthe InputBuffer, Output Buffer,
Control Register or Window Buffer to
all zeros when pulsed HIGH for one
clock cycle depending on the value
presentat CACC1-0. Refer to Table 7
for buffer selection.

STDBY — Standby Mode

Ficure 7. INPUT BUFFER Ficure 8. WiNnpow BUFFER Ficure 9. OuTtpuT BUFFER
MEMoRY MapP MEmoRY MapP MEMORY Map
023 | 7FFh 023 | 7FFh LIS
R1023 R1023 (XYMODE=1)
11022 11022 11023 FFh
R1022 R1022 1003
[ ]
: . 11022
d d RI022—
11 11 /‘\\
R1 R1 @
lo lo //}1\\
Ro 000h Ro 000h o1 7
15 eeoe 0 15 eeoe ( /. 0
\\ \&) 000h
//15:3 ee O

By asserting STDBY to HIGH, the
device is placed in a stand

XCOP— Automatic Continuous
Operation

The ACOP signal automatically
controls the FFT engine based on the
user read-rate of the output buffer
when in Continous Transfer Mode.
ACOP allows the device to guarantee
succesive completed transforms
without loss of output data and user
intervention,i.e. HOLD and/or STDBY
going HIGH. When both ACOP and
CTM are HIGH, the output buffer will
not be written over until the empty flag,
EF, isasserted. However, the input
buffer may go full, i.e. the FF flag is
asserted, waiting for the user to read
the output buffer. The HOLD signal is

\ (¢
ﬁ@JRE 10. OuTtpuT BUFFER
MEmoRY MAP
Power Mobpe
(XYMODE=0)

P1023 3FFh
P1022
P1021
P1020

P3
P2
P1
Po
15 eeoe (

000h

not necessary when ACOP and CTM
are active, except for standby modes.
ACORP is not valid when CTM is low.

RESET — System Reset

The RESET signal resets all pointers to
the buffers with the exception of the
control registers. All values inside
Control Registers 0, 1, Alpha and Scale
are reset to zero.

Logic Products
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USER ACCESSIBLERESOURCES

Continuous Transform Mode

In Continuous Transform Mode
(CTM=1), the device DIN15-0is clocked
synchronously with CLK. The L7710
expects new data on every CLK when
DRD/DWE is LOW until the input
buffer is full, signified by the FF Flag.
Transforms are continuosly ran as
long as data is available and TEN is
LOW.

For example, if the PLL mode is x2
(PLL1-0=01), and overlap is in 50%
overlap (OVC1-0=10) and the clock
input is 50 MHz, then synchronous
data should be clocked into the device
at a 50 MHz input rate according to the
input memory map and the size of the
transformspecified.

There will be 2N (N is specified by
SZ1-0 in Table 4) locations which are
automatically sequenced for both input
and output, beginning with zero, and
appear at their respective address

lines. This allows the device to be
directly interfaced to a parallel type
A/D converter atthe inputortoa
parallel DAC, Digital Signal Processc
or DMA controller at the output.

Outputdataismemory mapp

(

through the use of
the DOUT15-0 pi

High-Speed FFT Processor

address present on ADOUT10-0 for the
given address setup time and OE
asserted LOW. lllegal combinations of
PLL Modes and OVC Modes with
CTM=1are shown in Table 9.

Addresses of input data are automati-
cally generated in consideration of the
overlap mode. EOT will be generated
after the first output is received into the
internal output buffer. Thisis designed
to prevent user access prior to any post
transform computations, such as log or
averaging operations.

Non-Continuous Transform Mode

In non-continuous mode (CTM=0), the

free to place data anywh e
inputmemory map b

@nce data has been clocked into the
device, alogic LOW on TEN will start
transform operations. On completion

of the transform, EOT will go HIGH
indicating results are available on the
output databus.

Addresses of desired output locations
are driven via an external device (e.g.

DSP or DMA controller). BetweenEOT
and the next TEN assertian, new input

hé rser must be aware that if the
erlap control is in any mode other
than (OVC10=00) then aged data
(located at lower addresses) is over-
written by more recent data prior to
EOT assertion. For example, in 25%
overlap mode (OVC10=01) and a 1024
point complex transform (SZ10=11);
real and imaginary points 768 and
higher (600h-7FFh) are copied to the
first 256 real and imaginary locations
of the buffer (000h-1FFh). (See Figure 7
for the Input Buffer Memory Map). In
this example, the user should start
addressing the most recent data
beginning at 200h (point 256 and
higher).

TABL;/@./OB\T\HUT\MQDQS; FOR ComBINATIONS oF AVG, XYMODE ano DBO

DBO

AVE,

' XYMODE

DF Passes Output Modes

0

1 Linear Power Mode (Refer to Figure 10)

AN

Decibel Mode (Refer to Figure 10)

Real/lImaginary Mode (Refer to Figure 9)

Invalid Mode

Averaged Linear Power Mode (Refer to Figure 10)

Averaged Decibel Power Mode (Refer to Figure 10)

XY Mode (Averaged) (Refer to Figure 9)

R, |~r|lo|lo|o
Rl |lo|lo|r|r|o|o
Rlo|lkr|o|kr|o]|r]|o

Xl INvINMIX ][O

Invalid Mode

Logic Products
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High-Speed FFT Processor

Ficure 12. EicHT STAGES OF THE 1024 PoinT FFT DaTA FLOW

StaGE 1. (271 CycLES)

STAGE 2. (271 CycLES)

StacE 3. (271 CycLES)

Input Window
Memory Memory/
ROM
A Window B

Twiddle
ROM

|
L

Twiddle
ROM

=
vz i\f )
—~

STAGE 4. (271 CycLES)

StAGE 5. (271 CycLES)

§A§\E6~.\@7}1 CvcLES)

Twiddle
ROM

—

\

i

A

>

|

i

Twiddle
ROM

\V

D

Twiddle
ROM

STAGE 7. (271 CycLES)

1A
1 —
NS

Exponential
Average

ty

Output
Memory

'

Bit Output
Reversal Mode

Control RegééMapping

By setting CACC1-0to 00 and CB to 0,
the window buffer is disabled and
causes the first four locations to be
treated as “configuration” registers.
Control Registers 0 and 1 are found in
the corresponding first two locations

000h and 001h (See Figure 4). Figures
5 and 6 show the mapping format of
Control Registers0and 1. Control
Register 0 consists of 16 bits which are
readable and writable with the excep-
tion of EOT which is read-only.

Control Register 1 also consists of 16
bits, however 10 bits are reserved. All
6 of the non-reserved bits are read/
writeable. See the Signal Definitions

for descriptions for each bit.

The SCALE control register at location
002his for input “power-of-two”
scaling. The device scales each stage
of the processing by a fixed value of 2°
to 24 in the event the user does not
wish to use the block-floating point
scaling provided by the hardware.

Warning: Internal computations may
overflow if the user is not careful about
input scaling. When SCALE issetto
other than 0 (which is the default reset
state), the device will not automatically
scale internally to prevent an overflow
condition. Should an overflow condi-
tion occur, the overflow flag (OVF) will
goHIGH.

Logic Products
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The ALPHA control register at location
003h is the value associated with
exponential averaging of the output.
The equationiis:

o OUTPUT+ (1-a) CLAST_OUTPUT

This register is a positive value in the
range of 0000h-7FFFh (representing a
positive fractional magnitude between
0.0 and 1.0). When the ALPHA
register is non-zero, it is used to
computethe “movingaverage”
represented by the equation above.

Operational Modes-FFT

This device has three operation modes,
functioning as an FFT, IFFT or as an
FIRfilter. InFFT mode (FILT=0,
INV=0), an FFT is executed according
to the size specified by SZ1-0 bits as is
shown in Table 4.

Data is loaded into the unit (according
to the status of CTM) and only to 2N
memory locations, N being the trans-
form size. Data up to the first 2N input
memory locations will be pre-multi-
plied (complex) by the user window
specifed. Upon application of the
TEN, the input data is fed through the

High-Speed FFT Processor

window pass of the L7710. The L7710
then processes the data through the
DragonFly processor core. The
Twiddle Factor numbers for the
DragonFly processor are built into the
L7710 ROM.

Output Modes

For the Linear Power and Decibel
Modes, the L7710 requires one extra
stage (Figure 12) to complete all the
computations in the sum of the squares
calculations. The square root and the
decibel calculations are-done during
the outputbuffering.

The L7710 will
stage ifaveraging (Av
Refer to Conir

The number of stages required by the
L7710 is dependent upon the FFT size.
Table 4 shows the number of
DragonFly passes required for each of
the transform lengths. Each pass
requires (N/4 + 15) clock cycles to
completethe DragonFly.

To maintain optimum data flow, the
L7710 has two working storage buffers
as shown in Figure 12. These storage
buffers allow the input and output
buffers to be continously accessedhy
the user while the calculations are
progress. Transform results are outpt

FFT Mode (Filt=0, INV=1),an IFFT
is executed according to the following
formula:

IFFT =conij(fft(conj(data)))

The L7710 completes all conjucating
internally. The frequency domain data
is available in the output buffer at the
assertion of EOT. The IFFT requires the
same number of calculation passes as

Ficure 13. FIRMooe” />

Time Do I

FIR Coeffigénts

Frequency Domain
FIR Coefficents

FFT

DIN

_‘
‘i
=
=
>
N
77—
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an FFT. The conjucations do not
require any extra calculation passes or
clock cycles.

All data formats and controls are
equivalenttothe FFT mode.

FIRMODE

InFIR mode (FILT=1), aFIR filter is
implemented. The filter takesa little
more than twice as long to operate
since it must, of necessity, perform two
transforms, an FFT and an inverse FFT.
After the first FFT transform iscom-
pleted, the results are multiplied by the
data found in the window buffer. The
window buffer acts as coefficient
storage for the filter. Finally, a second
inverse transform is executed and
the operation is complete. The results
on the output buffer are the filtered
data. The data is output in a similar
fashion to that of the FFT output,
however, the EOT will not be asserted
until the second transform is com-
pleted. The INV pin and register is
toggled internally by the device and
must be set to zero in this mode. Since
the window buffer is used for coeffi-
cient storage, the user is limited to
using one of the built-in window
functions for the first FFT pass.

Calculating And Loading Coefficient

taking the FFT of the norma
response coefficients i

Data Handling.ard Formats

The data is input according the SZ1-0
and the status of CTM up to 2N
locations, N being the filter size.

High-Speed FFT Processor

2 or 3PLLcLK cycles because of the
ambiguity of the asyncronous clock
boundary.

To acheive continuous operation in
Filter Mode, the L7710 PLL should be
set to at least a 2x factor of CLK and
CLKand OCLK should be tied to-
gether.

The number of calculation passes is
dependent on the transform length.
This one more than the number of

DataHandling Formats

Thereare avariety of output modes
which affect the presentation of output
data and in some cases, its format. For
example, inReal/Imaginary mode
(XYMODE=1), atthe completion ofa
transform, data appears at the output
buffer as interleaved real and imaginary
(See Figure 10) and in 16-bit two’s
complementformat (SeeFigure 3). In
Linear Power mode, data is presented to
the first half (N) output buffer locations
and is in 15-bit magnitude format.
Decibel Output mode (DBO=1), data
presented to the outputb
negative magnitude fo

CLK. This latency is dependent on
\cronization circuit and may

ire 2or 3 OCLK cycles because of
ambiguity of the asyncronous clock
boundary.

2

Output Latency is the pipelined data
path registers after the ouptut RAM.
This data path requires 5 CLK cycles.

Example 1.

E=1or N memory

D 1K FFT in XYMODE in Non-Continu-
rhode (XYMODE=0).

ous Transfer Mode at 100MHz.
CLK=PLLcLKk=OCLK

FFTTIME=2/CLK + (2+(6*271))/
PLLCLK) + (2+5)/0OCLK = 16.37 s

ut Latency is the pipelined data path
egisters before the input ram. This data
path requires 2 CLK cycles.

Example 2.

1K FFT in Averaged dB Power Mode in
Continuous Transfer Mode at 50MHz
The Input Clock Boundary Latency is CLK=OCLK & PLLCLK = CLKx2
the syncronization of the CLK with the
PLLcLK. This latency is dependent on a

syncronization circuit and may require

FFTTIME=2/CLK + (2+(8*271))/
PLLCLK) + (2+5)/0OCLK =21.88 s

TABLE 11. PIN CONFIGURATIONS
Pin FFT Mode IFFT Mode FIR Mode
Filt 0 0 1
INV 0 1 0
WD User User 77
PLL Table 9 Table 9 22X
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L7710
DEVICES INCORPORATED High-Speed FFT Processor

Maximum RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8)

SEOrage tEMPEIALUIE ... .ottt e ettt e s e e e e e e e ettt e ae bbb a e e s e e e e e aeeeeesssbnbnna e e e e eeeaas —65°Cto +150°C
Operating ambientteMPEIAtUIE .........ccccviiiiiiiiee e e e e e e e e e e e e e e s s nnereaeees -55°Cto +125°C
-05Vto+7.0V

Vcce supply voltage with reSPect 10 groUnd ..........cooeiiiiiiiiiiiiiee e
Input signal With reSPeCt t0 GrOUNG ...........uuiiiiiiiiiiaa e a e e
Signal applied to high impedance QULPUL ..ot e e
Output CUrreNt INtO TOW OULPULS ...ttt ettt e e et e e e e e e e e e e e e e e e e s aaannnns

LatCRUP CUITENT ...ttt e et e e e e e e e e e e e e e e s eanneee s
ESD (MIL-STD-883E Method 3015.7) ...uvvieiiiiei e

Mode Temperature Range (Ambient)
Active Operation, Commercial 0°Cto +70°C
Active Operation, Military -55°Cto +125°C
S— w
ELEcTRICAL CHARACTERISTICS Over Operating ConditW(l%@Q \
Symbol  Parameter Test Condition Min Typ  |Max Unit

\VOH Output High Voltage Vcce = V\@—\—\X\\\M 2.4 \%
VoL Output Low Voltage VCC%,\I)}\\‘LO A 04 | V

N
MiH Input High Voltage <\ \ 2.0 Vcc | V

ML Input Low VoltagW \@QSW 0.0 08 | V
lx Input Current << GM VIN < VcC (Note 12) +10 | pA

loz Output a &«@ )Zéund < VouT < Vcc (Note 12 +10
putleakaye ( ) MA
lcc1 Vc@rery&w (Notes 5, 6) 800 | mA

Icc2 %Cu el<Quiescent Soft Standby, PLL Running (Note 7) 10 | mA

IC< V/cé!:urrer%auiescent Hard Standby, PLL Disabled (Note 7) 2 | mA

CIN I@t Capacitance Ta=25°C,f=1 MHz 10 | pF

Cout | OutputCapacitance Ta=25°C,f=1MHz 10 | pF

Logic Products
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L7710
DEVICES INCORPORATED High-Speed FFT Processor

SWITCHING CHARACTERISTICS

ComMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns)

10

Min Max Min Max Max

Symbol Parameter
tcyc | Cycle Time

Mip

\1o
tw | Clock Pulse Width 1 \4
ts Input Setup Time \2\\
) 0

tH Input Hold Time )
tD OutputDelay << / K\ 7
tENA | Three-State Output Enable Delay (Note 11) ( 10
tbis | Three-State Output Disable Delay (Note 11) 10
\\ 7~>
MiLiTARY OPERATING RANGE (—55°C to +125°C) Notes 9, 10 (ns) \ \V/
\ '\ L7710
——\V 12
Symbol Parameter <\ \T\@}\ Ma Min Max Min Max
tcyc | Cycle Time N 12
tPw Clock Pulse Width \\ ~
ts Input Setup Time \\ N
tH Input Hold Time \\N\
tD OutputDelay \ ~ 8
tENA | Three-State Output Enable Delay (Note\xl\)\ \> 12
tbis | Three-State Output Disabﬁ\\Dglay (Note 11)\> 12

N\

Logic Products
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L7710

DEVICES INCORPORATED

High-Speed FFT Processor

NOTES

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these productsat values beyond
those indicated in the Operating Condi-
tions table is not implied. Exposure to
maximum rating conditions for ex-
tended periods may affect reliability.

2. Theproductsdescribed by this speci-
fication include internal circuitry de-
signedtoprotect the chipfromdamaging
substrate injection currents and accu-
mulations of static charge. Nevertheless,
conventional precautions should be ob-
served during storage, handling, and
use of these circuits in order to avoid
exposure to excessive electrical stress
values.

3. Thisdevice provides hard clamping of
transient undershoot and overshoot. In-
putlevelsbelowgroundorabove VVccwill
be clamped beginning at-0.6 VV and \Vcc
+0.6 V. The device can withstand indefi-
nite operation with inputs in the range of
-0.5Vto+7.0V. Device operationwill not
beadversely affected, however, inputcur-
rentlevelswillbewellinexcessof 100 mA.

4. Actualtestconditions may vary from
those designated but operation is guar-
anteed as specified.

5. Supplycurrentforagivenap
can be accurately approxim

where

N =

7. Testedwithall inputs within 0.1 V of
Vcc or Ground, no load.

8. These parametersare guaranteed but
not 100% tested.

9. AC specifications are tested with

input transition times less than 3 ns,
output reference levels of 1.5 V (except
tENA/ZtDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified loHand loL atan
outputvoltage of VoH minand VoL max
respectively. Alternatively, a diode
bridge with upper and lower current
sourcesof loHand loL respectively,and
abalancingvoltage of 1.5V may be used.
Parasitic capacitance is 30 pF minimum,
and may bedistributed. ForteNABLEand

currentis increased to 10 mA to reduce
the RC delay component of the
measurement.

tDISABLE measurements, the Ioad<
N

This device has high-speed outputs'ea
pable of large instanta

Asaresult, care must
testing of this dewi

and the teés
ground and

actor fingers.

. Input voltages should be adjusted to
compensate for inductive ground and
Vcc noise to maintain required DUT in-
putlevelsrelativetothe DUT groundpin.

10. Each parameter is shown as a mini-
mum or maximumvalue. Inputrequire-
mentsare specified fromthe pointofview
of the external system driving the chip.
Setup time, forexample, isspecifiedasa
minimum since the external system must
supplyatleastthatmuchtimetomeetthe
worst-case requirements of all parts.
Responsesfromtheinternal circuitry are
specified from the point of view of the
device. Output delay, for example, is
specified as a maximum since worst-

case operation ofany device always pro-
vides data within that time.

11. Transition is measured 200 mV
from steady-state voltage with specified
loading.

12. These parameters a
the high tempe

vCC
o
—9
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'—

300Q
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e, whichis
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L7710

DEVICES INCORPORATED

High-Speed FFT Processor

ORDERING INFORMATION

160-pin

GND ]
CTM ]
Sz1
Sz0 ]
ovcl ]
oveco ]
vce —]
GND ]
DIN15 ]
DIN14 ]
DIN13 ]
DIN12 ]
vce —]
GND ]
DIN11 ]
DIN10 ]
DIN9 ]
DIN8 ]
vcc —]
IFF
DRD/DWE ]
GND ]
DIN7
DIN6é ]
DINS ]
DIN4 ]
vce —]
GND ]
DIN3 ]
DIN2 ]
DIN1 ]
DINO ]
vce —]
GND
CACC1 ]
CACCO ]
cB
AIN10 —]
AIN9
vce —]

CONOURWNE g

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

160 [—1 vCC
159 [—1 wD2
158 [—1 wD1
157 [—1 wWDO
156 [ /TEN
155 [ ICE

154 [ WIN15
153 [ WIN14
152 [ WIN13
151 [ WIN12
150 1 GND

149 [ vCC

148 [ WIN11
147 [ WIN10
146 1 WIN9
145 [ WIN8
144 1 GND

140 [ WRD/WWE

143 1 AVCC
142 1 AGND
141 [ CLK

139 [ AvVCC

Top
View

138 [—1 AGND

137 [ vCC

136 [ WIN7

135 [ WING

134 [ WIN5

133 [ WIN4

132 1 GND

131 1 vCC

130 /3 WIN3

129 3 WIN2

128 [ WIN1

127 3 WINO
126 1 GND
125 [ vCC

124 [ PLL1
123 [ PLLO
122 [ CPINS
121 1 GND

—1 DOUT3
1 DOUT2
1 DOUT1
1 DOUTO
1 GND
1 vcec
1 STDBY
—1 HOLD
1 CLKO
1 GND
1 sCLo
—1 sCL1
1 sCL2
1 GND

ADOUTS ]

ADOUT4 4 64,

vcc ]

GND ] 66

ADOUT3 [ 67

ADOUT2 [ 68

ADOUT1 ] 69

ADOUTO ] 70

vecc 71
GND ] 72

tworoo9
NRRRRRS
owowsmO
8883338
QT Cann >

I
R
)
o
=
(o}
7]

Speed

Plastic Quad

ack
6)

Flatpack
(F4)

0°Cto+70°C— COMM;R/QA SCREE?\N’R

10 ns

~40°Ct0+85°C/~ INDUSTR

DUSTRIAL SCREENING

10 ns

% L7710QI10

—55°Ct0+125°C —MIL-STD-883 C oMPLIANT

12 ns

L7710FMB12
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