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IMPORTANT NOTICE

LOGIC DEVICES INCORPORATED (LDI) reserves the right to make
changes to or to discontinue any semiconductor product or service
identified in this publication without notice. LDI advises its customers
to obtain the latest version of the relevant information to verify, before
placing orders, that the information being relied upon is current.

LDI warrants performance of its semiconductor products to current
specifications in accordance with LDI's standard warranty. Testing and
other quality control techniques are utilized to the extent that LDl deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

LDI assumes no liability for LDI applications assistance, customer
product design, software performance, or infringement of patents or
services described herein. Nor does LDI warrant or represent that any
license, either expressed or implied, is granted under any patent right,
copyright, mask work right, or other intellectual property right of LDI
covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.

LOGIC DEVICES INCORPORATED products are not intended for use
in life support applications, devices or systems. Use of a LOGIC
Devices product in such application without the prior written consent of
the appropriate LOGIC Devices officer is prohibited.

Copyright © 1995, LOGIC Devices Incorporated
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TO CONSTRUCT A VALID PART NUMBER:

In order to construct a valid LOGIC Devices part number, begin with the generic number obtained from the data sheet
header. To this number, append two or three characters from the tables below indicating the desired package code,
temperature range, and screening. Finally, append one or two digits indicating the performance grade desired. Most
devices are offered in several speed grades with the part number suffix indicating a critical path delay in nanoseconds.

FOR MORE INFORMATION ON AVAILABLE PART NUMBERS:

All products are not offered with all combinations of package styles, temperature ranges, and screening. The Ordering
Information table on the last page of each data sheet indicates explicitly all valid combinations of package, temperature,
screening, and performance codes for a given product.

'L 7C108 g M 5 20 I_-' Ke‘:;) Prefix, LOGIC Devi |
1 o 3 n 5 6 7 refix, evices Inc.
Mm@ @ @ © © O (2 Devios number
(3) Package code
(4) Temperature range
(5) Screening
(6) Performance/speed grade
(7) Low power designation
Package Codes Temperature Range Screening
Suffix Description Suffix Description Suffix Description
CI* CerDIP C Commercial No
D, H* Sidebraze, Hermetic DIP 0°C to +70°C Designator | Commercial Flow
G Ceramic Pin Grid Array | Industrial B MIL-STD-883
. —40°C to +85°C Class B Compliant
J Plastic J-Lead Chip Carrier
K, T* Ceramic Leadless Chip Carrier M Military
—55°C to +125°C
M CerFlat
P, N* Plastic DIP
Q Plastic Quad Flatpack
w Plastic SOJ (J-Lead)
Y Ceramic SOJ (J-Lead)

*Some devices are available in packages of

two widths. For devices available in a single
width, C, D, K, and P are used.
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Q 40 MHz Clock Rate

Q Passband (0 to 0.22fs)
Ripple: +0.02 dB

Q Stopband (0.28f; to 0.5f5)
Rejection: 59.4 dB

Q User-Selectable 2:1 Decimation or
1:2 Interpolation

Q 12-bit Two’s Complement Input
and 16-bit Output with User-
Selectable Rounding to 9 through
16 Bits

Q User-Selectable Two’s Complement
or Inverted Offset Binary Output
Formats

Q Three-State Outputs
Q Replaces TRW/Raytheon TMC2242

Q Package Styles Available:
® 44-pin Plastic LCC, J-Lead
® 44-pin Plastic Quad Flatpack

LF2242
12/16-bit Half-Band Interpolating/

Decimating Digital Filter

The LF2242 is a linear-phase, half-
band (low pass) interpolating/
decimating digital filter that, unlike
intricate analog filters, requires no
tuning. The LF2242 can also signifi-
cantly reduce the complexity of
traditional analog anti-aliasing pre-
filters without compromising the
signal bandwidth or attenuation. This
can be achieved by using the LF2242
as a decimating post-filter with an
A/D converter and by sampling the
signal at twice the rate needed.
Likewise, by using the LF2242 as an
interpolating pre-filter with a

D/ A converter, the corresponding
analog reconstruction post-filter
circuitry can be simplified.

The coefficients of the LF2242 are
fixed, and the only user programming
required is the selection of the mode
(interpolate, decimate, or pass-
through) and rounding. The asyn-
chronous three-state output enable
control simplifies interfacing to a bus.

Data can be input into the LF2242 at a
rate of up to 40 million samples per
second. Within the 40 MHz 1/0O limit,
the output sample rate can be one-
half, equal to, or two times the input

sample rate. Once data is clocked in,
the 55-value output response begins
after 6 clock cycles and ends after 60
clock cycles. The pipeline latency
from the input of an impulse response
to its corresponding output peak is 33
clock cycles.

The output data may be in either
two’s complement format or inverted
offset binary format. To avoid
truncation errors, the output data is
always internally rounded before it is
latched into the output register.
Rounding is user-selectable, and the
output data can be rounded from 16
bit values down to 9 bit values.

DC gain of the LF2242 is 1.0015
(0.0126 dB) in pass-through and
decimate modes and 0.5007 (-3.004
dB) in interpolate mode. Passband
ripple does not exceed £0.02 dB from
0 to 0.22f5 with stopband attenuation
greater than 59.4 dB from 0.28f5 to
0.5f5 (Nyquist frequency). The
response of the filter is -6 dB at
0.25f5. Full compliance with CCIR
Recommendation 601 (12 dB at
0.25f5) can be achieved by cascading
two devices serially.

A
3

12 INTERPOLATION| 12 l >
Sli1-o +>|;|—' CIRCUIT 7 FIS‘?EH

TCO RND2-0
'

3

55-TAP ROUND

AND LIMIT

6

| DECIMATION

CIRCUIT

CIRCUIT
VAN

A
3

CLK ———————> TO ALL REGISTERS

Video Imaging Products
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12/16-bit Half-Band Interpolating/

o -30
Ko
=z 40
(‘5 -50
-60 A "
-70
-80
0 0.1f 0.2f 0.3f 0.4f 0.5
FREQUENCY (NORMALIZED)
SIGNAL DEFINITIONS Inputs
Power SI111-0 — Data Input
Vee and GND 12-bit two’s complement data input

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

Therising edge of CLK strobes all regis-
ters. All timing specifications are refer-
enced to the rising edge of CLK.

SYNC — Synchronization Control

Incoming data is synchronized by hold-
ing SYNC HIGH on CLKN, and then by
bringing SYNC LOW on CLKN+1 with
the first word of input data. SYNC is
held LOW until resynchronization is
desired, or it can be toggled at hﬁ_ the
clock rate. For interpolation (INT =
LOW), input data should be presented
at the first rising edge of CLK for which
SYNC is LOW and then at every alter-
nate rising edge of CLK thereafter.
SYNC is inactive if DEC and INT are
equal (pass-through mode).

port. Datais latched into the register on
the rising edge of CLK. The LSB is Slo
(Figure 2).

Outputs
S015-0 Data Output

The current 16-bit result is available on
the SO15-0 outputs. The LF2242’s limiter
ensures that a valid full-scale (7FFF
positive or 8000 negative) output willbe
generated in the event of an internal
overflow. The LSB is SO0 (Figure 2).

Decimating Digital Filter

Controls
INT — Interpolation Control

When INT is LOW and DEC is HIGH
(Table 1), the device internally forces
every other incoming data sample to
zero. This effectively halves the input
data rate and the output amplitude.

DEC — Decimation Control

When DEC is LOW and INT is HIGH
(Table 1), the output register is strobed
on every other rising edge of CLK
(driven at half the clock rate), decimat-
ing the output data stream.

INT | DEC MODE
0 0 Pass-through*
0 1 Interpolate
1 0 Decimate
1 1 Pass-through*

*Input and output registers run at full
clock rate

2.4

Video Imaging Products
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RND2-0— Rounding Control
. INPUT AND OutpuT FORMATS ouniing -onio

The rounding control inputs set the po-
Two’s Complement Input Format sition of the effective LSB of the output
[1110 o s " 3 2 1 0] data by adding a rounding bit to the
20 o1 o2 90 28 59 o051 internal bit position that is one below
(Sign) thatspecified by RND2-0. Allbits below
the effective LSB position are subse-
Two’s Complement Output Format (TCO = 1, Non-interpolate) quently zeroed (Table 2).
12
I_T; ;i ;?2 P L3 2?12 2?,3 211 n 2(_)15| TCO — Two’s Complement Format
; Control
(Sign)
Two’s Complement Output Format (TCO = 1, Interpolate) E}fgftg;l EZ:: em?j?cﬂéeif: rg;gg
| 15 14 13 12 * 3 2 1 O—I the output data is presented in two’s
2! 20 27" 22 2711 2712718 14 complement format. When TCO is
(Sign) LOW, the data is in inverted offset bi-
. nary format (all output bits are inverted
Inverted Offset Binary Output Format (TCO = 0, Non-interpolate) except the MSB — the MSB is un-
[1514 13 128 3 2 1 0] . changed).
20 2—1 2-2 2-3 2-12 2—13 2—14 2—15
(sign) OE — Output Enable
Inverted Offset Binary Output Format (TCO = 0, Interpolate) When the OE signal is LOW, the current
(1512 13 128 3 2 1 0] data in the output register is available
P R — on the SO15-0 pins. When OE is HIGH,
2227 2 T2 the outputs are in a high-impedance
(Sign) state.

SO1 SO0
000 X X X X eoe X X X X X X X X R
001 X X X X eee X X X X X X X R 0
010 X X X X eoe X X X X X X R 0 0
011 X X X X eoe X X X X X R 0 0 0
100 X X X X oo X X X X R 0 0 0 0
101 X X X X eoe X X X R 0 0 0 0 0
110 X X X X eee X X R 0 0 0 0 0 0
111 X X X X ooe X R 0 0 0 0 0 0 0

'R' indicates the half-LSB rounded bit (effective LSB position)

Video Imaging Products

2-5 06/27/95-LDS.2242-C
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12/16-bit Half-Band Interpolating/
Decimating Digital Filter
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Storage teMPErAUNE .......cccuiiuiiiiieieee ettt s s —65°C to +150°C
Operating ambient teMPErature ..............ocveeiieceeriirneeee et e s —55°C to +125°C
Vcce supply voltage with respect to ground .............occeeiiierciiiciiniicneec e -05Vto+7.0V
Input signal with respect to ground ............cceeciiiiiiriine s -0.5VtoVcc+0.5V
Signal applied to high impedance output .... ... 05VtovVcc+05V
Output cUIrent iNt0 IOW OULPUES ........ouviiiiecieeece ettt st s esme e nes 25mA
LatChUD CUITENE ...ttt ettt e s e e e s e sae e e e sne s sseeene e e s e enseenneeenanennne > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage Vce = Min,, IoH =-2.0 mA 2.4 \"
VoL Output Low Voltage Vce =Min, oL =4.0 mA 0.4 \
ViH Input High Voltage 2.0 Vec | V
ViL Input Low Voltage (Note 3) 0.0 08| V
Iix Input Current Ground < VIN < Vcc (Note 12) +10 | pA
loz Output Leakage Current | (Note 12) +40 | pA
Icct Vcce Current, Dynamic (Notes 5, 6) 140 | mA
Icc2 Vcce Current, Quiescent (Note 7) 10 | mA
CiN Input Capacitance Ta=25°C,f=1MHz 10 | pF
Cout | Output Capacitance Ta=25°C, f=1MHz 10 | pF

Video Imaging Products
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LF2242-

33 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 33 25

tpw | Clock Pulse Width 10 10

ts Input Setup Time 10 8

tH Input Hold Time 0 0

to Qutput Delay 20 16

tois | Three-State Output Disable Delay (Note 11) 15 15

teNA | Three-State Output Enable Delay (Note 11) 15 15

1 2 3 7 8 9 10

CLK # \ cee £ N \ / \ / -
trw trw

LX XX X XXX XX AKX XXX XK XXX XXX XX XX

SYNC X XX XXX X XXX XX XXX XXX XXX XXX XXX XX
— tH

Slt10 % j( N_ RO et XXX XD XXX
ts

D —

HIGH IMPEDANCE
SO150 ) ) 4 D ¢ )‘; 1) X f(N+1) X f(N42) ) ¢
|

tois tena

f—

Video Imaging Products
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»

CLK

SYNC

Sl11-0

tH

HIGH IMPEDANCE

SO150 )4

to

& 1(N) D¢ f(N+1) X

tENA

12/16-bit Half-Band Interpolating/
Decimating Digital Filter

fsN02 x

CLK

SYNC

Sli1-0

SO15-0

1(+2)

tenA

2-8
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12/16-bit Half-Band Interpolating/

Decimating Digital Filter

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at 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. The products described by this spec-
ification include internal circuitry de-
signed to protect the chipfrom damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional precautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdeviceprovideshard clampingof
transient undershoot and overshoot.
Input levels below ground or above Vcc
will be clamped beginning at-0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of 0.5V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tion canbeaccurately approximated by:

NCV2F
where 4

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and noload, ata 20 MHz clock
rate.

7. Tested with allinputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0 to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOH and IOL atan
output voltage of VOH min and VoL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VCC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VCC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

vce

o
e
> p
|_

10Q 300Q
p—>

—
< n
| —

O OUTPUT

n+

|_ -
) m— A D1
|

tois -~ l€— tena
OE
02v —

TRISTATE 3i HIGH IMPEDANCE -
OUTPUTS _7_+_ N

02V 02V
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LF2242

DEVICES INCORPORATED

18 19 20 21 22 23 24 25 26 27

28

ORDERING INFORMATION
44-pin
2L olO (2) ¥ O -
03oBekESSE S
o I e I e e e e 6 o O e O o B
6 5 4 3 2 1 4443424140
SO12 [J7 ° 3 GND
SO11 []8 38]] Vcc
SO10 L9 37 Slo
SOg9 [}10 36]] Sle
SOs []11 35[] Sls
GND [J12 TOp 34[] Sl
Voe []13 View 33[] Sl
SO7 32[] Sls
SO0s 31[] Sl4
SOs 30o] SlIs
S04 29]] Vcc

SO12
SO11
SO10
SOg9
SOs
GND
vce
SO7
SOs6
SOs
S04

12/16-bit Half-Band Interpolating/
Decimating Digital Filter

NN

2w S0 Svn.

98ouBlEESS35

nnnnoannnnn
/0 32959385883
1 33 [ GND
2 32 | —1 Vce
3 31 [ Sl
4 30 [ Slo
5 Top 29 [ SIs
6 . 28 1 SI7
7 View 27 1 Sle
8 26 [ SlIs
9 25 1 Sla
10 24 1 SI3
11 23 1 Vce
\ Yozeeceegry /

Juuouuuuouy

88688582:&0

prnnzzz???E

oo

Speed

25 ns

Plastic J-Lead Chip Carrier
(1)

LF2242JC33
LF2242JC25

0°C to +70°C — COMMERCIAL SCREENING

Plastic Quad Flatpack
(Q4)

LF2242QC33
LF2242QC25

Video Imaging Products
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DEVICES INCORPORATED

0 66 MHz Data and Coefficient Input
and Computation Rate

Q Four 11 x 10-bit Multipliers with
Individual Data and Coefficient
Inputs and a 25-bit Accumulator

Q User-Selectable Fractional or
Integer Two’s Complement Data
Formats

Q Fully Registered, Pipelined Archi-
tecture

QO Input and Output Data Registers,
with User-Configurable Enables

Q Three-State Outputs

Q Fully TTL Compatible

Q Ideally Suited for Image Processing
and Filtering Applications

Q Replaces TRW/Raytheon TMC2246

Q Package Styles Available:
® 120-pin Pin Grid Array
* 120-pin Plastic Quad Flatpack

The LF2246 consists of an array of
four 11 x 10-bit registered multipliers
followed by a summer and a 25-bit
accumulator. All multiplier inputs
are user accessible and can be up-
dated every clock cycle with either
fractional or integer two’s comple-
ment data. The pipelined architecture
has fully registered input and output
ports and an asynchronous three-state
output enable control to simplify the
design of complex systems. The
pipeline latency for all inputs is five
clock cycles.

Storage for mixing and filtering
coefficients can be accomplished by
holding the data or coefficient inputs
over multiple clock cycles. A 25-bit
accumulator path allows cumulative
word growth which may be internally
rounded to 16 bits. Output data is
updated every clock cycle and may be
held under user control. All inputs,

LF2246
11 x 10-bit Image Filter

outputs, and controls are registered
on the rising edge of clock, except for
OEN. The LF2246 operates at a clock
rate of 66 MHz over the full tempera-
ture and supply voltage ranges.

The LF2246 is applicable for perform-
ing pixel interpolation in image
manipulation and filtering applica-
tions. The LF2246 can perform a
bilinear interpolation of an image (4-
pixel kernels) at real-time video rates
when used with an image resampling
sequencer. Larger kernels or more
complex functions can be realized by
utilizing multiple devices.

Unrestricted access to all data and
coefficient input ports provides the
LF2246 with considerable flexibility in
applications such as digital filters,
adaptive FIR filters, mixers, and other
similar systems requiring high-speed
processing.

D19-0 Ctio-0

ENSEL

ENB1 D390 C310-0

ENB3

>
2

AcC —>] @ 2

FSEL — | > MM LS

OEN

CLK ———» TOALL REGISTERS St50

OCEN

Video Imaging Products
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LF2246

DEVICES INCORPORATED

11 x 10-bit Image Filter

Coefficient

Data
Fractional Two’s Complement (FSEL = 0)

[9 8 7w 2 1 0] [10 o s w2 1 0]
__20 2—1 2—2 2—7 2—8 2—9 _21 20 2-1 2-7 2—8 2—9
(Sign) (Sign)

——  Integer Two’s Complement (FSEL = 1)

[9 8 7w 2 1 0] (10 9 8w 2 1 0|
__210 29 28 22 21 20
(Sign)

—2° 28 27 22 2t 20
(Sign)

Fractional Two’s Complement (FSEL = 0)
|151413121110987 6 5 4 3 2 1 0|
—26 25 24 2% 22 1 20 21 p-2 28 -4 25 -6 o7 -8 -9
(Sign)

Integer Two’s Complement (FSEL = 1)

|151413121110987 6 5 4 3 2 1 OI
_215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

(Sign)
SIGNAL DEFINITIONS Controls
Power ENB1-ENB4 — Input Enable
Vee and GND The ENBN (N=1,2, 3, or 4) input allows

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all en-
abled registers. All timing specifica-
tions arereferenced to the rising edge of
CLK.

Inputs

D19-0-D49-0 — Data Input

D1-D4 are 10-bit data input registers.
The LSB is DNo (Figure 1a).
C110-0-C410-0 — Coefficient Input
C1-C4 are 11-bit coefficient input regis-
ters. The LSB is CNo (Figure 1a).
Outputs

§15-0 — Data Output

The current 16-bit result is available on
the S15-0 outputs (Figure 1b).

either orboth the DNand CNregisters to
be updated on each clock cycle. When
ENBN is LOW, registers DN and CN are
both strobed by the next rising edge of
CLK. When ENBN is HIGH and ENSEL
is LOW, register DN is strobed while
register CN is held. If both ENBN and
ENSEL are HIGH, register DN is held,
and register CN is strobed (Table 1).

ENSEL — Enable Select

The ENSEL input in conjunction with
the individual input enables ENB1-
ENB4 determines whether the data or
the coefficient input registers will be
held on the next rising edge of CLK
(Table 1).

OEN — Output Enable

When the OEN signal is LOW, the cur-
rent data in the output register is avail-
able on the 515-0 pins. When OEN is
HIGH, the outputs are in a high-imped-
ance state.

INPUT REGISTER
ENB1-4 | ENSEL HELD
1 1 Data ‘N’
1 0 Coefficient ‘N’
0 X None
X = “Don’t Care”
‘N'=1,2,3,0r4

OCEN — Clock Enable

When OCEN is LOW, data in the pre-
mux register (accumulator output) is
loaded into the output register on the
next rising edge of CLK. When OCEN
is HIGH, data in the pre-mux register is
held preventing the output register’s
contents from changing (if FSEL does
not change). Accumulation continues
internally as long as ACC is HIGH,
despite the state of OCEN.

FSEL — Format Select

When the FSEL input is LOW, the data
input during the current clock cycle is
assumed to be in fractional two’s
complement format, and the upper 16
bits of the accumulator are presented at
the output. Rounding of the accumula-
tor result to 16 bits is performed if the
accumulator control input ACC is
LOW. When FSEL is HIGH, the data
input is assumed to be in integer two’s
complement format, and the lower 16
bits of the accumulator are presented at
the output. No rounding is performed
when FSEL is HIGH.

ACC — Accumulator Control

The ACC input determines whether in-
ternal accumulation is performed on
the data input during the current clock
cycle. If ACC is LOW, no accumulation
is performed, the prior accumulated
sum is cleared, and the current sum of
productsis output. If FSEL isalso LOW,
one-half LSB rounding to 16 bits is per-
formed on the result. This allows sum-
mations without propagating roundoff
errors. When ACC is HIGH, the emerg-
ing product is added to the sum of the
previous products, without additional
rounding.

2-12
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LG LF2246
DEVICES INCORPORATED 11 x 10-bit Image Filter

NGS Above which usef:

SOrage tEMPEIAtUIe .........ccccoriiiiiiiii e sttt st e st e b sae e saesanenen —65°C to +150°C
Operating ambient temperature..................... ... =b5°C to +125°C

Vcce supply voltage with respect to ground ..o s -05Vto+7.0V
Input signal with respect 10 ground ............cccceiriiiirire e -05VtoVcc+05V
Signal applied to high impedance OUPUL ............ccoieieeerieicicee e -05VtoVcc+05V
Output current iNto IOW OULPULS ........ocueiruiiiiiiie it ce et e s e et eenn e see e e enseeensen 25 mA
LatChUDP CUITENE ...ttt ettt st ae st e s s sa s aeeta s beste st e nsenssnsennnnnne > 400 mA

CONDITIONS To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military -55°C to +125°C 450V <Vcc<550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage vce = Min,, IoH =-2.0 mA 2.4 \
VoL Output Low Voltage Vce =Min,, loL = 4.0 mA 04| V
ViH Input High Voltage 20 Vce | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
Iix Input Current Ground < VIN < Vcc (Note 12) +10 | pA
loz Output Leakage Current (Note 12) +40 | pA
lcct Vce Current, Dynamic (Notes 5, 6) 100 | mA
Icc2 Vcc Current, Quiescent (Note 7) 6 | mA
CIN Input Capacitance Ta=25°C, f=1MHz 10 | pF
Cout | Output Capacitance Ta=25°C,f=1MHz 10 | pF

Video Imaging Products

06/27/95-LDS.2246-E
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R eH e LF2246
DEVICES INCORPORATED 11 X 10_bit Image Filter
 SWITCHING CHARACTERIST
LF2246-
33 25 15
Symbol Parameter Min Max Min Max Min Max

tcyc | Cycle Time 33 25 15

tpwL | Clock Pulse Width Low 15 10 7

trwH | Clock Pulse Width High 10 10 7

ts Input Setup Time 10 5

tH Input Hold Time 0 0

tp Output Delay 15 13 10

tbis | Three-State Output Disable Delay (Note 11) 15 15 15

teENA | Three-State Output Enable Delay (Note 11) 15 15 15

LF2246—-
33 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 33 25

tpwL | Clock Pulse Width Low 15 10

tpwH | Clock Pulse Width High 10 10

ts Input Setup Time 10 8

tH Input Hold Time 0

to Output Delay 15 13

tbis | Three-State Output Disable Delay (Note 11) 15 15

tENA | Three-State Output Enable Delay (Note 11) 15 15

1 2 3 4
CLK 7 A D N
tPwH ~— tPwL —|
-— tH

D19-0— D49-0

C110-0 — C410-0

CONTROLS
(Except OEN)
OEN
tois —| tENA—| — to |=—
S15.0 X X HIGH IMPEDANCE X St SN X Shet

Video Imaging Products

06/27/95-1LDS.2246-E

2-14



>
!!II )

"IIII

¢
:III

]

LF2246

DEVICE

w

INCORPORATED

11 x 10-bit Image Filter

| NOTES

|

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at 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. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional precautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdeviceprovideshard clamping of
transient undershoot and overshoot.
Input levels below ground or above VcC
will be clamped beginning at —0.6 V and
Vce + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of -0.5 V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tion canbeaccurately approximated by:

NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V =supply voltage

F =clock frequency

6. Tested with all outputs changing ev-
ery cycle and noload, ata 30 MHz clock
rate.

7. Tested withall inputs within0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0 to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOH and IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VcC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
inputlevels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

Ficure 2. InpuT CirCuIT

vCC

o
—
—p
—

10Q 300Q
—>

—
< n
—

Ficure 3. Outpur CIRCUT ]

O OUTPUT

n+

|—— ~
>——teqn A D1
—

tois — l— tena
OE
02v —

TRISTATE 3i HIGH IMPEDANCE -
OUTPUTS éﬁ_g %L_

02V

02v
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LF2246

DEVICE!

1]

INCORPORATED 11 x 10-bit Image Filter

120-pin 1 2 3 4 5 6 7 8 9 10 1 12 13
AL OO O OO0 0000000
ENSELENB2 ENB3 D47 D45 D42 D41 C410 C4s Cds C43 Cdo C32

e I ) 7 7, 7 . s 7~ st S 7 S

B (OO EOEOEGEG RGNS G NG NG N NG
ACC FSELENB4 D49 D4s D43 D4o C49 C47 C44 C42 C30 C3s

c|l OO OO0 00000000
S15 OEN CLK ENB1 D48 D44 GND Vcc Cd4s C41 C31 C33 C3s

~, ~, -~ -~ =, -~ -~

D o L ) [N SR
S13  S14 OCEN >< KEY C34 C37 C39

S, S L) 7 7 7

E ) ) o )
S11 S12 GND C3s C310 D3o

Se S Vce Top View D31 D3z D3s

c| O OO Through Package OO O
S7 Ss GND (i.e., Component Side Pinout) D35 D3s D34

7, P 7 -~ P ~

H o ) (AL AU
S S5 Vcec GND D3s D37
o OO OGNS,
S4 S3 GND D27 D29 D39

K OO O O OO
S2 St Dis D23 D26 D28

L O O O 00 00000000
So D17 Dis D12 Cl9 GND Vcc C20 C24 C28 D20 D24 D2s

Ml O OO0 000000000
D19 D14 D11 Ciiwo Ct7z Cis Cis Clo C22 C25 C29 D21 D22
NSO OO0 000000000
Di1e D13 Dfo C1s Cle Ci4 Cil2 Ci11 C21 C23 C26 C27 C210

33 ns
25ns

Ceramic Pin Grid Array
(G4)

LF2246GC33
LF2246GC25
LF2246GC15

LF2246GM33
LF2246GM25

LF2246GMB33
LF2246GMB25

Video Imaging Products
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LF2246

DEVICES INCORPORATED

11 x 10-bit Image Filter

| ORDERING INFORMATION

120-pin

[ )
0
9
8
7
6
5

»Q
Z
©ONOOO A WN -

S12 ] 10
st 1
vee . 12
s10 ] 13
Se ] 14
ss ] 15
GND ] 16
S7 ] 17
Se ] 18
ss T 19
vee T 20
sS4 ] 21
s3 ] 22
S2 23
GND ] 24
st ] 25
So ] 26
D19 . 27
D18 ] 28
D17 ] 29
D1s ] 30

11 [ D4s
10 [ D44
09 [ D43
106 1 GND
105 [ D4o
104 [ C410
103 [ C49
102 [ Vee
101 [ C4s
100 [ C47
99 [ Cde
98 [ Cds
97 [ C44
96 |1 C43
95 [ C42
94 [ C41
93 [ Cdo
92 [ C30
91 [ C31

89
88
87
86
85

83
82
81
80
79
78
77

Top 7

. 75
74
View ,3
72
71
70
69
68
67
66
65

63
62
61

D1s ] 31
D14 ] 32
D13 ] 33
D12 ] 34
D11 ] 35
D10 ] 36
Ct110 [ 37
C19 ] 38
Cts ] 39
C17 . 40
Cle [ 41
GND ] 42

Ci1s ] 43
C14 [ 44
C13 ] 45
Vee ] 46
Cl2 ] 47
C11 ] 48
Cto ] 49
C20 ] 50
C21 ] 51
C22 ] 52
C23 ] 53
C24 ] 54
C25 ] 55
C26 ] 56
C27 ] 57
C28 ] 58
C29 ] 59
C210 ] 60

1 C32
3 C33
[ C34
1 C3s
] C36
[ C37
1 C38
[ C39
[ C310
D3o
D3t
D32
D33
D34
D3s
D3s
D37
D3s
GND
D39
D29
D2s
D27
D26
D2s
D24
D23
D22
D21

IR g

Q
N
S

Plastic Quad Flatpack

Speed Q1)
h:lic 10 +70°C — CoMMERCIAL SCREENING :

33 ns LF2246QC33
25 ns LF2246QC25
15 ns LF2246QC15

2-17
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LF2247

Image Filter with Coefficient RAM

| | DESCRIPTION

Q 66 MHz Data Input and Compu-
tation Rate

Q Four 11 x 10-bit Multipliers with
Individual Data and Coefficient
Inputs and a 25-bit Accumulator

Q Four 32 x 11-bit Serially Loadable
Coefficient Registers

Q Fractional or Integer Two's
Complement Operands

Q Package Styles Available:
* 84-pin Plastic LCC, J-Lead
* 100-pin Plastic Quad Flatpack
¢ 84-pin Pin Grid Array

The LF2247 consists of an array of four
11 x 10-bit registered multipliers
followed by a summer and a 25-bit
accumulator. The LF2247 provides a
coefficient register file containing four
32 x 11-bit registers which are capable
of storing 32 different sets of filter
coefficients for the multiplier array.
All multiplier data inputs are user
accessible and can be updated every
clock cycle with either fractional or
integer two’s complement data. The
pipelined architecture has fully
registered input and output ports and

an asynchronous three-state output
enable control to simplify the design
of complex systems. The pipeline
latency for all inputs is five clock

cycles.
A 25-bit accumulator path allows

cumulative word growth which may

be internally rounded to 16 bits.

Output data is updated every clock

cycle and may be held under user

control. The data inputs/outputs and

control inputs are registered on the

rising edge of CLK. The Serial Data In

signal, SDIN, is registered on the

- LF2247 BiLock DiagraM ;
ENBA
T I COEFFICIENTREGISTERFWE
A0 . i
! !
- I | L
i !
SDIN > Coefficient Coefficient 71 Coefficient Coefficient !
SEN ————————1—> Register 1 SEN ———> Register 2 SEN ——— Register 3 SEN ———>{ Register 4 '
SCLK Ly! (32 11-bit) SCLK ——»] (32 x 11-bit) SCLK ———» (32X 11-bit) SOLK ———»f (82x11bi) |
L e e S S, 1
Digo ENB1 D290 ENB2 D390 ENB3 D490 ENB4
10 1 10 1 10 i J 1 10 1
A
B = | = B |
22 22
ACC :I I I > @
25
OCEN
FSEL :I ' I ,I I M\MS LS
OEN
16
CLK ——— > TO ALL REGISTERS
(EXCEPT COEFFICIENT REGISTERS) S15-0

Video Imaging Products
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EEET LF2247
DEVICES INCORPORATED

Image Filter with Coefficient RAM

Data

[0 8 7 w2 1 0]
202 22 27 % p®
(Sign)

[0 8 782 1 0]
29 28 o7 22 21 20
(Sign)

Fractional Two's Complement (FSEL = 0)

Integer Two's Complement (FSEL = 1)

Coefficient

[10 o s 2 1 0]
21 20 o7 27 29 2°
(Sign)

[0 9 s 2 1 0]

_210 29 23 22 21 20
(Sign)

Fractional Two's Complement (FSEL = 0)

[15 14 13 12 11 10 9 8

7 65 4 3 2 1 0 |

_26 25 24 23 22 21
(Sign)

20 2—1 2—2 2—3 2—4 2—5 2—6 2—7 2—8 2—9

Integer Two's Complement (FSEL = 1)

[15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0 |

(Sign)

_215214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

rising edge of SCLK. The LF2247
operates at a clock rate of 66 MHz
over the full temperature and supply
voltage ranges.

The LF2247 is applicable for perform-
ing pixel interpolation in image
manipulation and filtering applica-
tions. The LF2247 can perform a
bilinear interpolation of an image (4-
pixel kernels) at real-time video rates
when used with an image resampling
sequencer. Larger kernels or more
complex functions can be realized by
utilizing multiple devices.

Unrestricted access to all data ports
and an addressable coefficient register
file provides the LF2247 with consid-
erable flexibility in applications such
as digital filters, adaptive FIR filters,
mixers, and other similar systems
requiring high-speed processing.

SIGNAL DEFINITIONS

Power

Vcc and GND

+5 V power supply. All pins must be
connected.

Clocks

CLK — Master Clock

The rising edge of CLK strobes all
enabled registers except for the
coefficient registers.

SCLK — Serial Clock

The rising edge of SCLK shifts data
into and through the coefficient
register file when it is enabled for
serial data shifting.

Inputs
D19-0 — D49-0 — Data Input

D1-D4 are the 10-bit registered data
input ports. Data is latched on the
rising edge of CLK.

A4-0 — Row Address

A4-0 determines which row of data in
the coefficient register file is used to
feed data to the multiplier array. A4-0
is latched on the rising edge of CLK.
When a new row address is loaded
into the row address register, data
from the register file will be latched
into the multiplier input registers on
the next rising edge of CLK.

SDIN — Serial Data Input

SDIN is used to serially load data into
the coefficient registers. Data present
on SDIN is shifted into the coefficient
register file on the rising edge of SCLK
when SEN is LOW. The 11-bit coeffi-
cients are loaded into the coefficient
register file in 16-bit words as shown
in Figure 2. The five most significant
bits of the first 16-bit word determine
which row the data is written to in the
coefficient registers. Note that the five
most significant bits of the remaining
three 16-bit words are ignored. After
all four 16-bit words are shifted into
the register file, the lower eleven bits
of each word (the coefficient data) are
stored into the coefficient registers.

Outputs

S15-0 — Data Output

515-0 is the 16-bit registered data
output port.

Controls

ENB1-ENB4 — Data Input Enables

The ENBN (N =1, 2, 3, or 4) inputs
allow the DN registers to be updated
on each clock cycle. When ENBN is
LOW, data on DN9-0 is latched into

2-20
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the DN register on the rising edge of
CLK. When ENBN is HIGH, data on
DN?9-0 is not latched into the DN
register and the register contents will
not be changed.

ENBA — Row Address Input Enable

The ENBA input allows the row
address register to be updated on each
clock cycle. When ENBA is LOW,
data on A4-0 is latched into the row
address register on the rising edge of
CLK. When ENBA is HIGH, data on
A4-0is not latched into the row
address register and the register
contents will not be changed.

OEN — Output Enable

When OEN is LOW, S15-0 is enabled
for output. When OEN is HIGH, S15-0
is placed in a high-impedance state.

OCEN — Clock Enable

When OCEN is LOW, data in the pre-
mux register (accumulator output) is
loaded into the output register on the
next rising edge of CLK. When OCEN
is HIGH, data in the pre-mux register
is held preventing the output
register’s contents from changing (if
FSEL does not change). Accumulation
continues internally as long as ACC is
HIGH, despite the state of OCEN.

FSEL — Format Select

When FSEL is LOW, the data input
during the current clock cycle is
assumed to be in fractional two’s
complement format, and the upper 16
bits of the accumulator are presented
at the output. Rounding of the
accumulator result to 16 bits is per-

Image Filter with Coefficient RAM

FiGURE 2. SERIAL DaTA FoRMAT

SECOND 16-BIT WORD

6 7 8 9 1011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
111111011 00XXXXX00010001100
« S e\ 9]

FIRST 16-BIT WORD
. X
12345
00010
— v
ROW DATA FOR
ADDRESS COEFFICIENT REGISTER 4

THIRD 16-BIT WORD

DON'T DATA FOR
CARES COEFFICIENT REGISTER 3

FOURTH 16-BIT WORD

I e ~
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
XXXXX001101001t00XXXXX11111100100
\—"ﬂ—" 4%{.____1\ J

DATA FOR
COEFFICIENT REGISTER 2

DONT
CARES

COEFFICIENT REGISTER 1 = 7E4
COEFFICIENT REGISTER 2 = 1A4
COEFFICIENT REGISTER 3 = 08C
COEFFICIENT REGISTER 4 = 7EC

SHOWN IS SERIAL DATA STREAM TO LOAD ROW ADDRESS 2 WITH:

DATA FOR
COEFFICIENT REGISTER 1

DONT
CARES

formed if the accumulator control
input ACC is LOW. When FSEL is
HIGH, the data input is assumed to be
in integer two’s complement format,
and the lower 16 bits of the accumula-
tor are presented at the output. No
rounding is performed when FSEL is
HIGH.

ACC — Accumulator Control

The ACC input determines whether
internal accumulation is performed on
the data input during the current
clock cycle. If ACC is LOW, no
accumulation is performed, the prior
accumulated sum is cleared, and the
current sum of products is output. If
FSEL is also LOW, one-half LSB
rounding to 16 bits is performed on
the result. When ACC is HIGH, the
emerging product is added to the sum
of the previous products, without
additional rounding.

SEN — Serial Input Enable

The SEN input enables the shifting of
serial data through the registers in the
coefficient register file. When SEN is
LOW, serial data on SDIN is shifted
into the coefficient register file on the
rising edge of SCLK. SEN must
remain LOW until all four coefficients
have been clocked in. SEN does not
need to be pulsed between consecu-
tive data sets. It can remain LOW
while the entire register file is loaded
by a constant bit stream. When SEN is
HIGH, data can not be shifted into the
register file and the register file’s
contents will not be changed. When
enabling the coefficient register file for
serial data input, the LF2247 requires
a HIGH to LOW transition of SEN in
order to function properly. Therefore,
SEN needs to be set HIGH immedi-
ately after power up to ensure proper
operation of the serial input circuitry.
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DEVIGES INCORPORATED Image Filter with Coefficient RAM
Storage temMPerature ..o s —65°C to +150°C
Operating ambient temperature ................... ... =55°C to +125°C
Vcce supply voltage with respect to ground ..........ccccoveeiiiiiienireenie e e -05Vto+7.0V
Input signal with respect to ground ... -05VtoVcc+05V
Signal applied to high impedance output...........ccccoeeeeviiiiiiciiiccc e, -05VtoVcc+05V
Output current iNt0 IOW OULPULS .........oiiiieiiiiiiiiiicien e e s 25 mA
LatChup CUITENT ...t e > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military -55°C to +125°C 450V <Vcc<550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage Vce = Min., IoH =-2.0 mA 24 \'
VoL Output Low Voltage Vce =Min., loL=4.0 mA 04 | V
VIH Input High Voltage 2.0 Ve | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
Iix Input Current Ground < VIN < Vcc (Note 12) +10 | pA
loz Output Leakage Current Ground < VOUT < VCC (Note 12) +40 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 100 | mA
Icc2 Vcc Current, Quiescent (Note 7) 6.0 | mA
CIN Input Capacitance Ta=25°C,f=1MHz 10 | pF
CouT | Output Capacitance Ta=25°C,f=1MHz 10 | pF

Video Imaging Products
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LF2247-
33 25 15

Symbol Parameter Min Max Min Max Min Max

tcyc | Cycle Time 33 25 15

trwL | Clock Pulse Width Low 15 10

tPpwH | Clock Pulse Width High 10 10 7

ts Input Setup Time 10 8 5

tH Input Hold Time 0 0 0

to Output Delay 15 13 10

tois | Three-State Output Disable Delay (Note 11) 15 15 15

tENA | Three-State Output Enable Delay (Note 11) 15 15 15

LF2247—-
33 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 33 25

tpwL | Clock Pulse Width Low 15 10

tPwH | Clock Pulse Width High 10 10

ts Input Setup Time 10 8

tH Input Hold Time 0 0

to Output Delay 15 13

tois | Three-State Output Disable Delay (Note 11) 15 15

tENA | Three-State Output Enable Delay (Note 11) 15 15

1 2 3 4 5 6
CLK A N N
s 1= tPwL
D19-0 — D49-0 Dn v XX tPWHtCYC
A4-0 ANt Ans2 )@
CONTROLS
(Except OEN) ><Z
OEN
l/; tDIS —>| : tENA— —
S150 X X P HIGH IMPEDANCE \' X SN-1 SN X SN+1
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LF2247-
33 25 15

Symbol Parameter Min Max Min Max Min Max
tscyc | Serial Interface Cycle Time 62 62 62

tswL Serial Clock Pulse Width Low 30 30 30

tswH | Serial Clock Pulse Width High 30 30 30

tseNs | Serial Enable Setup Time 20 20 20

tsENH | Serial Enable Hold Time 0 0 0

tss Serial Data Input Setup Time 20 20 20

tsH Serial Data Input Hold Time 0 0 0

LF2247-
33 25
Symbol Parameter Min Max Min Max
tscyc | Serial Interface Cycle Time 62 62
tswL | Serial Clock Pulse Width Low 30 30
tswH | Serial Clock Pulse Width High 30 30
tseNs | Serial Enable Setup Time 20 20
tSENH | Serial Enable Hold Time 0 0
tss Serial Data Input Setup Time 20 20
tsH Serial Data Input Hold Time 0 0

63 64

W
A];‘_

SDIN XK 4 KXXXXK e XXX XX ot XXXXKcte XX XX
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Image Filter with Coefficient RAM

NOTES

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values be-
yond those indicated in the Operating
Conditions table is not implied. Expo-
sure to maximum rating conditions for
extended periods may affect reliability.

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Never-
theless, conventional precautions
should be observed during storage,
handling, and use of these circuits in
order to avoid exposure to excessive
electrical stress values.

3. This device provides hard clamping
of transient undershoot and overshoot.
Input levels below ground or above Vcc
will be clamped beginning at —0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of -0.5 V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

4. Actual test conditions may vary
from those designated but operation is
guaranteed as specified.

5. Supply current for a given applica-
tion can be accurately approximated

by:
y NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and noload, ata 30 MHz clock
rate.

7. Tested with all inputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/DIS test), and input levels of
nominally 0 to 3.0 V. Output loading
may be a resistive divider which
provides for specified [OHand IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
As a result, care must be exercised in
the testing of this device. The following
measures are recommended:

a. A 0.1 uF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VcC
and the tester common, and device
ground and tester common.

b. Ground and VccC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

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

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

Ficure 3. INpuT CirCUIT

vCcC

[o]
—v
—p
'—

10Q 300Q
—>

—
< n
—e

Ficure 4. Ourtput CircuiT
VvCC

—

'_
>—||—4—n A D1
—

p-

O QUTPUT

FiGure 5. THRESHOLD LEVELS
tois — l— tENA
OE :l
02V ———

TRISTATE —Ej‘ HIGH IMPEDANCE %C
OUTPUTS —__+_ —

02V 02V
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Image Filter with Coefficient RAM

84-pin

Di1s
D1a
D13
D12
D11
D1o
D19
D1s
D17
D1s
GND
SDIN
Vce
SCLK
SEN
Ao

A3
A4
ENBA

Q

=] O—Nm%vm

-4 8 P4 28 r-rgaozzxe
BROOBBARSBABBCBBOSOOOESH D
B o O e e e e O e e e T e Y e Y e e e O e e e Y O o O o o |

0

O3
04
015
e
017
s
O1e
20
21
22
23
24
25
[2s
27
[J28
29
[so
Ost
[s2

o
N
o

/11109 8 7 6 5 4 3 2 1 84838281807978777675
12 74

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

D21
D22
D23
D24

[
73

72
7
70
69
68
67
66

Top 6
. 64
View 63

62
61
60
59
58
57
56
55
54

NSNS R R R R R R R )
oooooo%oooo [afala

CLK
ENB1
ENB2
ENB3
D4o
D4s
D47
D4e
D4s
D44
D43
D42
D41
GND
D4o
ENBa4
GND
OEN
OCEN
ACC
FSEL

Speed

33 ns
25 ns
15 ns

Plastic J-Lead Chip Carrier
(J3)

LF2247JC33
LF2247JC25
LF2247JC15
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Image Filter with Coefficient RAM

ORDERING INFORMATION
100-pin o9 Q 2 Qranls
55683388856886806060
qnonnaooaonanaooonont
®388858838853385883885%
So ] 1 80 [ Sts5
NC 2 79 [ CLK
Dis . 3 78 =1 NC
Dia T 4 77 [ ENB1
Dis T 5 76 1 ENB2
D12 ] 6 75 [~ ENB3
DIt 7 74 1 D49
Dlo ] 8 73 [ D4s
Dle T 9 72 [ D47
D1s T 10 71 |2 D4s
D17 . 11 70 2 D4s
D1e T 12 69 [ D44
GND ] 13 68 [ D43
GND ] 14 67 | D42
NC ] 15 TOp 66 [~ D41
SDIN ] 16 H 65 [~ GND
NC ] 17 V|eW 64 [ GND
vec ] 18 63 [ D4o
vec T 19 62 1 ENB4
SCLK ] 20 61 3 NC
SEN ] 21 60 [ GND
Ao ] 22 59 [ GND
Al ] 23 58 [ OEN
A2 ] 24 57 [~ OCEN
As ] 25 56 3 ACC
As T 26 55 [ FSEL
ENBA ] 27 54 1 NC
NC ] 28 53 = NC
NC ] 29 52 1 NC
D20 ] 30 §1 [~ NC
5833885 BZITIVTILELS2R
INAILLNIRB2BEEBIBI0R
DDDDDDDQDD‘DDODDDDQQD

Speed

33 ns
25 ns
15 ns

Plastic Quad Flatpack
Q2

_ 0°C to +70°C — CoMMERCIAL SCREENING

LF2247QC33
LF2247QC25
LF2247QC15
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84-pin

"N Fan) 7~ 7, P -~ T 7~ ™~ -, P

A LAOCR LN VL 5L R 5 B VU R 0 I VL 5 B 5 B L)

‘ ENB2 D49 D4s D4e D43 D42 D4o OEN ACC FSEL D32
4 ~, ~, -~ ~ S, ~, ~ -~ -~ ~ ~
B (Y A N U ) U ) ) )

! S15 ENB1 ENB3 D47 D44 GND ENB4OCEN D30 D31 D34
| -~ -~ =, -~ -~ -~ ~
| Cc o) o ) o)
| S14 CLK D4s D41 GND D33 D3s
s . 7 7

D [ OS]

S13 GND D3s D37

E OO O OO O

Vecc S11 Si2 Top View D3s GND D39

F \’:l \’:l C ) Through Package C ) C ) C }

Sf 31\0 ,SE (i.e., Component Side Pinout) D%B D%“ DEQ

G O OO O OO

GND S7 S8 D27 D2s D2s

- S P ) S,

H o) (GG

S5 Vce D22 D23

S4 Sz D11 D17 Die ENBA D21

S3 S1  So D13 Dio Dis SDIN SEN A4 D20

-~ -~ . . -~ P -~ -~ ~ ~ -~

L LS VL VR W LI W AU WU AU WL

GND Dis D14 D12 D19 Vcc GND SCLK Ao A1 As

Ceramic Pin Grid Array
(G3)

Speed

33 ns LF2247GC33
25 ns LF2247GC25
15ns LF2247GC15

33 ns LF2247GM33
25ns LF2247GM25

P . bk Be Morr e |_|:2247GM333
25ns LF2247GMB25
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Q 40 MHz Data and Computation Rate

Q Two 12 x 12-bit Multipliers with
Individual Data Inputs

Q Separate 16-bit Input Port for
Cascading Devices

Q Independent, User-Selectable 1-16
Clock Pipeline Delay for Each Data
Input

Q User-Selectable Rounding of Products

Q Fully Registered, Pipelined
Architecture

Q Three-State Outputs

Q Fully TTL Compatible

QO Replaces TRW/Raytheon TM(C2249

Q Package Styles Available:
¢ 120-pin Ceramic PGA
¢ 120-pin Plastic Quad Flatpack

The LF2249 is a high-speed digital
mixer comprised of two 12-bit
multipliers and a 24-bit accumulator.
All multiplier inputs are user acces-
sible, and each can be updated on
every clock cycle. The LF2249 utilizes
a pipelined architecture with fully
registered inputs and outputs and an
asynchronous three-state output
enable control for optimum flexibility.

Independent input register clock
enables allow the user to hold the

data inputs over multiple clock cycles.

Each multiplier input also includes a
user-selectable 1-16 clock pipeline

delay. The output of each multiplier
can be independently negated under

LF2249
12 x 12-bit Digital Mixer

user control for subtraction of prod-
ucts. The sum of the products can
also be internally rounded to 16 bits
during the accumulation process.

A separate 16-bit input port con-
nected to the accumulator is included
to allow cascading of multiple
LF2249s. Access to all 24 bits of the
accumulator is gained by switching
between upper or lower 16-bit words.
The accumulated output data is
updated on every clock cycle.

All inputs and outputs of the LF2249
are registered on the rising edge of
clock, except for OE. Internal pipeline
registers for all data and control
inputs are provided to maintain

ADEL3-0 At1-0 ENA

BDEL3-0 B11-0

ENB CDEL30 Ci1-0 ENC

DDEL30 D11-0 END

v vy
P ]

'y
S

v ¥y
B

CLK —>»

NEG1 —>

RND ——»]

€—— NEG2

<€—— ACC

b=b-]

FT —»]

CAS15-0 — >

b b P b Pep-]

OE

NOTE: NUMBERS IN REGISTERS INDICATED
NUMBER OF PIPELINE DELAYS.
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synchronous operation between the
incoming data and all available
control functions. The LF2249 oper-
ates at a clock rate of 40 MHz over the
full commercial temperature and
supply voltage ranges.

Because of its flexibility, the LF2249 is
ideally suited for applications such as
image switching and mixing, digital
quadrature mixing and modulating,
FIR filtering, and arithmetic function
and waveform synthesis.

SIGNAL DEFINITIONS
Power
Vcc and GND

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all en-
abled registers. All timing specifica-
tions are referenced to the rising edge of
CLK.

Inputs
A11-0-D11-0 — Data Inputs

A11-0-D11-0 are 12-bit data input regis-
ters. Data is latched into the input reg-
isters on the rising edge of CLK. The
contents of the input registers are
clocked into the top of the correspond-
ing 16-stage pipeline delay (pushing the
contents of the register stack down one
register position) on the next clock cycle
if the pipeline register stack is enabled.
The LSBs are Ao-Do (Figure 1a).

CAS15-0 — Cascade Data Input

CAS15-0is the 16-bit cascade data input
port. Dataislatched into the register on
therisingedge of CLK. The LSBis CASo
(Figure 1a).

12 x 12-bit Digital Mixer

A11-0 ENA

4 12 l

ADEL3-0

CLK —>»

Data Input

[11 10 9 8 7 6 5 4 3 2 1 0 |
_211 210 29 23 27 26 25 24 23 22 21 20
(Sign)

Cascade Input
|1514131211109 8 7 6 5 4 3 2 1 0|
_223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28
(Sign)

Sum Output (Upper 16 bits)

{1514 131211 10 9 8 7 6 5 4 3 2 1 o0 |
_223 222 221 220 219 218 217 218 215 214 213 212 211 210 29 28
(Sign)

Sum Output (Lower 16 bits)

[15 14 131211 10 9 8 7 6 5 4 3 2 1 0 |
215 214 213 212 211 210 29 23 27 26 25 24 23 22 21 20
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Outputs
$15-0 — Data Output

The current 16-bit result is available
on the 515-0 outputs. The output data
may be either the upper or lower 16
bits of the accumulator output, de-
pending on the state of SWAP. The
LSB is So (Figure 1b).

Controls
ENA-END — Pipeline Register Enable

Input data in the N (N = A, B, C, or D)
input register is latched into the corre-
sponding pipeline register stack on
each rising edge of CLK for which ENN
is LOW. Data already in the N register
stack is pushed down one register posi-
tion. When ENN is HIGH, the data in
the N pipeline register stack does not
change, and the data in the N input
register will not be stored in the register
stack.

ADEL3-0-DDEL3-0 — Pipeline Delay
Select

NDEL (N = A, B, C, or D) is the 4-bit
registered pipeline delay select word.
NDEL determines which stage of the N
pipeline register stack is routed to the
multiplier inputs. The minimum delay
is one clock cycle (NDEL = 0000), and
the maximum delay is 16 clock cycle
(NDEL = 1111). Upon power up, the
values of ADEL-DDEL and the con-
tents of the pipeline register stacks are
unknown and mustbeinitialized by the
user.

NEG1-NEG2 — Negate Control

The NEG1 and NEG2 controls deter-
mine whether a subtraction or accumu-
lation of products is performed. When
NEG1 is HIGH, the product A x B is
negated, causing the product to be sub-
tracted from the accumulator contents.
Likewise, when NEG2 is HIGH, the
product C x D is negated, causing the
product to be subtracted as well. NEG1
and NEG2 determine the operation to
be performed on the data input during
the current clock cycle when ADEL-
DDEL = 0000.

CASEN — Cascade Enable

When CASEN is LOW, data being in-
put on the CAS15-0 inputs during that
clock cycle will be registered and accu-
mulated internally. When CASEN is
HIGH, the CAS15-0 inputs are ignored.

FT — Feedthrough Control

When FT is LOW and ADEL-DDEL =
0000, data being input on the CAS15-0
inputs is delayed three clock cycles to
align the data with the data being input
on the A11-0-D11-0 inputs. When FT is
HIGH, the cascade data being input is
routed around the three delay registers
to simplify the cascading of multiple
devices.

12 x 12-bit Digital Mixer

ACC — Accumulator Control

The ACC input determines whether in-
ternal accumulation is performed on
the data input during the current clock
cycle. If ACCis LOW, no accumulation
is performed, the prior accumulated
sum is cleared, and the current sum of
products is output. When ACC is
HIGH, the emerging products are
added to the sum of the previous prod-
ucts.

RND — Rounding Control

When RND is HIGH, the sum of the
products of the data being input on
the current clock cycle will be
rounded to 16 bits. To avoid the accu-
mulation of roundoff errors, round-
ing is only performed during the first
cycle of each accumulation process.

SWAP — Output Select

The SWAP control allows the user to
access all 24 bits of the accumulator
output by switching between upper
and lower 16-bit words. When SWAP
is HIGH, the upper 16 bits of the accu-
mulator are always output. When
SWAP is LOW, the lower 16 bits of the
accumulator are output on every
other clock cycle. As long as SWAP
remains LOW, new output data will
not be clocked into the output regis-
ters.

OE — Output Enable

When the OE signal is LOW, the
current data in the output registers
is available on the S15-0 pins. When
OE is HIGH, the outputs are in a
high-impedance state.

2-31

Video Imaging Products

06/28/95-LDS.2249-E




LCEIT LF2249
DEVICES INCORPORATED 12 x 12-bit Digital Mixer

StOrage tEMPEIATUIE ......c.cceiiieieeieritee ettt s st st e e b e e e e sae e e en b rnenee —65°C to +150°C
Operating ambient temperature...................... ... =55°Cto +125°C
Vcce supply voltage with respect to ground ...........coooiiciriiinincnncrree e -05Vto+7.0V
Input signal with respect t0 GrouNnd ............cooceereiiiieieneeer e -05VtoVcc+05V
Signal applied to high impedance OutpuUL .............cociiriiiiirreneceeeeee e -05VtoVcc+0.5V
Output current iNto IOW OULPULS .....coouveriieieiiee et e e s smn e s reeeeennean 25 mA
LatChUD CUITENT ...t e e s es e e be et e e e aseessn e seeeseesnnenneenee > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military —55°C to +125°C 450V <Vcc<550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc = Min,, IoH =-2.0 mA 24 Vv
VoL Output Low Voltage Vce = Min,, loL = 4.0 mA 04| V
ViH Input High Voltage 20 Vee | V
ViL Input Low Voltage (Note 3) 0.0 08| V
lix Input Current Ground < VIN < VCC (Note 12) +10 | YA
loz Output Leakage Current (Note 12) +40 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 100 | mA
Icc2 Vce Current, Quiescent (Note 7) 6 | mA
CiN Input Capacitance Ta =25°C, f=1MHz 10 | pF
Cout Output Capacitance Ta=25°C,f=1MHz 10 | pF

Video Imaging Products
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[

12 x 12-bit Digital Mixer

SWITCHING CHARACTERISTICS

CommerciaL OPerATING RaNGE (0°C to +70°C) Notes 9, 10 (ns)
LF2249-
40 33 25
Symbol Parameter Min Max Min Max Min Max
tcyc | Cycle Time 40 33 25
tPwL | Clock Pulse Width, LOW 15 15 10 n
tPwH | Clock Pulse Width, HIGH 10 10 10
ts Input Setup Time
tH Input Hold Time 0 0
to Output Delay 17 15 14
tENA | Three-State Output Enable Delay (Note 11) 15 15 15
tois | Three-State Output Disable Delay (Note 11) 15 15 15
MiLirtarY OPERATING RANGE (—§§°C to +125°C) Notes 9, 10 (ns)
LF2249-
40 33
Symbol Parameter Min Max Min Max
tcyc | Cycle Time 40 33
tpwL | Clock Pulse Width, LOW 15 15
tPwH | Clock Pulse Width, HIGH 10 10
ts Input Setup Time
tH Input Hold Time 0 0
to Output Delay 17 15
tENA | Three-State Output Enable Delay (Note 11) 15 15
tois | Three-State Output Disable Delay (Note 11) 15 15
SwitcHING WAVEFORMS
1 7 8
ck X m f—x N/ S o
tPWH ——|=—tPWL
A11-0—D11-0
oo 3t
to |=—
Sis0" X X X M(_Dl( S X snas X snrz
tois—| tENA—
. —L
*Assumes ADEL-DDEL = 0000

2-33
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1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at 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. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional précautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdeviceprovideshard clamping of
transient undershoot and overshoot.
Input levels below ground or above VCC
will be clamped beginning at—0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of 0.5V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tion canbeaccurately approximated by:

NCV2F
where 4

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and no load, at a 25 MHz clock
rate.

7. Tested with allinputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOH and IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, care mustbe exercised in the
testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VcC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

12 x 12-bit Digital Mixer

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

vce

—O OUTPUT
n+
'._ -
fe n A D1
—

tois [ [€— tENA
OE
o2v |

TRISTATE —i HIGH IMPEDANCE r
OUTPUTS — -

02V 02V

Video Imaging Products

2-34

06/28/95-LDS.2249-E



F ¥ 7
- - A . -
855555 LF2249
DEVICES INCORPORATED = Py P
12 x 12-bit Digital Mixer
ORDERING INFORMATION
120-pin 1 2 3 4 5 6 7 8 9 10 11 12 13
Mo o000 0000000
DDELoDDELs END D2 D4 D7 Ds Dio Cit Co Cs C3 Co
B OO0 O 0000000000
NEG1 ACC DDEL1 Do D3 De De D11 Cio C7 Cs Cz CDEL
c OO OO OO O OO OO IS
S15 RND CLK DDEL2 D1 Ds GND Vcc Cs Ca4 Ci ENC CDELi
D OO OO O OO
S13  S14 NEG2 5( KEY CDEL3 CDELo CASEN
E O OO OO O
S11 S12 GND FT CASo CASt
F OO O ) O OO
Se St Voo Top View CAS2 CAS3 CASs
G OO O Through Package O OO
§7 S8 GND | (j.e., Component Side Pinout) | CASs CAS7 CASs
H OO O O OO
Se Ss Vcc GND CASg9 CASs
L) ) 7S P P V)
J o o )
S4 S3 GND CAS13 CAS11 CAS10
kK[ O O O OO O
S2 S1 SWAP ADELo CAS14 CAS12
L OO O 00000000000
So BDELoBDEL2 Bo B4 GND Vcc Ag9 As A1 ADELs NC CASis
M OO OO 0000000000000
OE BDELs Bt Bs Bs Bs Bio Ao A7 A4 Ao ADEL2 ADELt
™~ 7™ Pt 7~ P Pt P P 7™~ 7S Pt 7™ ™~
N L e O L S e
BDELt ENB B2 Bs B7 Bos Bi1 A1 As As A3 A2 ENA
Ceramic Pin Grid Array
Speed (G4)
0°C to +70°C — COMMERCIAL SCREENING ~ ~
40 ns LF2249GC40
33ns LF2249GC33
25ns LF2249GC25
=55°C to +125°C — ComMERCIAL SCREENING
40 ns LF2249GM40
33 ns LF2249GM33
—55°C to +125°C — MIL-STD-883 CompLIANT
40 ns LF2249GMB40
33 ns LF2249GMB33
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120-pin

INCORPORATED

CLK
ACC ]
NEG1
NEG2 ]
RND
S15 [
S14 [
GND
S13 [
St12 [
St
Vee
S10 [
Se [

S8 ]
GND
S7 ]

S6 ]

Ss
Vee
S4

S3

S2 [
GND
S1

So ]
OE |
SWAP ]
BDELo [
BDEL1 [

12 x 12-bit Digital Mixer

ZZTda 8 oo
88888sss8388582885858885883885
qnnnnnonoonnnnaonanononannonnn
e A2 LRI N238588338358335883885
2 %
3 88
4 87
5 86
6 85
7 84
8 83
9 82
10 81
1" 80
12 79
13 78
14 77
. Top ;2
7 View “
19 72
20 7
21 70
22 69
23 68
24 67
25 66
26 65
27 64
28 63
29 62
30 61
53838858895 993995338-B8885388
I
%g%ﬁES35835%58§§§§§33222§2222|§
o m

[ CAS10
[ CASt1
1 CAS12
CAS13
CAS14
[ CAS1s
1 NC
E ADELo
ADEL1
[—1 ADEL2
—1 ADEL3

40 ns
33 ns
25 ns

Plastic Quad Flatpack
Q

LF2249QC40
LF2249QC33
LF2249QC25
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LF2250
12 x 10-bit Matrix Multiplier

Q 40 MHz Data and Computation
Rate
O Nine Multiplier Array with 12-bit
Data and 10-bit Coefficient Inputs
O Separate 16-bit Cascade Input and
Output Ports
0 On-board Coefficient Storage
Q Four User-Selectable Filtering and
Transformation Functions:
® 3 x 3 Matrix Multiplier
¢ Cascadable 9-Tap FIR Filter
¢ Cascadable 3 x 3 Convolver
¢ Cascadable 4 x 2 Convolver
Q Replaces TRW /Raytheon TMC2250
Q DESC SMD No. 5962-93260
Q Available 100% Screened to
MIL-STD-883, Class B
Q Package Styles Available:
¢ 120-pin Pin Grid Array
¢ 120-pin Plastic Quad Flatpack

The LF2250 is a high-speed matrix
multiplier consisting of an array of
nine 12 x 10-bit multipliers. Internal
summing adders are also included to
provide the configurations needed to
implement matrix multiplications,
cascadable FIR filters, and pixel
convolvers.

The 3 x 3 matrix multiplier (triple dot
product) configuration of the LF2250
allows users to easily perform three-
dimensional perspective translations
or video format conversions at real-
time video rates. By using the LF2250
in this configuration, conversions can
be made from the RGB (color compo-
nent) format to the YIQ (quadrature
encoded chrominance) or YUV (color
difference) formats and vice versa
(YIQ or YUV to RGB).

In addition to color space conversions,
the LF2250 offers a range of selectable
configurations designed for filtering
applications. When configured as a
9-tap FIR filter, the LF2250 automati-

cally selects the necessary internal bus
structure and inserts the appropriate
data path delay elements. In addition,
a 16-bit cascade input port allows for
the creation of larger filters without a
reduction in throughput.

Real-time video image filtering using
the convolver modes of the LF2250
can provide edge detection, texture
enhancement, and detail smoothing.
Both pixel convolver configurations,
3 x3and 4 x 2, deliver high-speed
data manipulation in a single chip
solution. By using the 16-bit cascade
input port to cascade two devices,
cubic convolutions (4 x 4-pixel) can be
easily accommodated with no de-
crease in throughput rates.

All inputs and outputs, as well as all
control lines, are registered on the
rising edge of clock. The LF2250
operates at clock rates up to 40 MHz
over the full commercial temperature
and supply voltage ranges.

DATA
INPUTS

COEFFICIENT
INPUTS

CLK ——————»
MODE1.0 ———3¢—»]
CWEi1-0 —2/—>

At11-0 —4’—>
Bi1o ——F—»
C11-0 ——%‘—»

KAg-0 _10/_____»
KBo-o ——p—
KCo-o —3t—»f

DATA  CASCADE PIN
® ® ® OUTPUTS  PORTS NAME
-~ [t It

24— Xi10  CASINts4  XCt10

@ ® ® <—4/—> Y11-8 CASIN3-0 YC11-8
. V) Y7-4

@ ® @ ———‘-‘/——» Y30 CASOUT3-0 YCs-0
% > 710 CASOUTis4 ZCii

9-MULTIPLIER
ARRAY
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MODE1-0 OPERATING MODE
00 3 x 3 Matrix Multiplier
01 9-Tap FIR Filter
10 3 x 3 Convolver
11 4 x 2 Convolver
OPERATING MODES

The LF2250 can realize four different
user-selectable digital filtering archi-
tectures as determined by the state of
the mode (MODE1-0) inputs. Upon
selection of the desired function, the
LF2250 automatically chooses the
appropriate internal data paths and
input/output bus structure. Table 1
details the modes of operation.

DATA FORMATTING

The coefficient input ports (KA, KB,
KC) are 10-bit fractional two’s comple-
ment format regardless of the operat-
ing mode. The data input ports (A, B,
C) are 12-bit integer two’s comple-
ment format regardless of the operat-
ing mode.

In the matrix multiplier mode (Mode
00), the data output ports (X, Y, Z) are
12-bit integer two’s complement
format. In the FIR filter and convolver
modes (Modes 01, 10, 11), the X, Y,
and Z ports are configured as the
cascade-in (CASIN15-0) and cascade-
out (CASOUT15-0) ports. These ports
assume 16-bit (12-bit integer, 4-bit
fractional) two’s complement data on
both the inputs and outputs. Table 2
shows the data port formatting for
each of the four operating modes.

[TasLE 2. Data ;QBT‘ FORMATTING

BIT WEIGHTING

The internal sum of products of the
LF2250 can grow to 23 bits. However,
in order to keep the output format of
the matrix multiply mode (Mode 00)
identical to the input format, the X, Y,
and Z outputs are truncated to 12-bit
integer words. In the filter modes
(Modes 01, 10, 11), the cascade output
is always half-LSB rounded to 16 bits
(12 integer bits and 4 fractional bits).
The user may half-LSB round the
output to any size less than 16 bits by
simply forcing a “1” into the bit
position of the cascade input immedi-
ately below the desired LSB. For
example, if half-LSB rounding to 12
bits is desired, then a “1” must be
forced into the CASINS3 bit position
(CASOUT4 would then be the LSB).

In all four modes, the user may adjust
the bit weighting, by applying an
identical scaling correction factor to
both the input and output data
streams. If the coefficients are re-
scaled, then the relative weightings of
the cascade-in and cascade-out ports
will differ accordingly. Figure 1
illustrates the input and output bit
weightings for all four modes.

DATA OVERFLOW

Because the LF2250’s matched input
and output data formats accommo-
date unity gain (0 dB), input condi-
tions that could lead to numeric
overflow may exist. To ensure that no
overflow conditions occur, the user
must be aware of the maximum input
data and coefficient word sizes
allowable for each specific algorithm
being performed.

12 x 10-bit Matrix Multiplier

SIGNAL DEFINITIONS
Power
Vcc and GND

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all
enabled registers. All timing specifi-
cations are referenced to the rising
edge of CLK.

Inputs
A11-0, B11-0, C11-0 — Data Inputs

A, B, and C are the 12-bit registered
data input ports. Data presented to
these ports is latched into the multi-
plier input registers for the current
operating mode (Table 1). In the filter
modes (Modes 01, 10, 11), the rising
edge of CLK internally right-shifts
new data to the next filter tap.

KA9-0, KB9-0, KC9-0 — Coefficient Inputs

KA, KB, and KC are the 10-bit regis-
tered coefficient input ports. Data
presented to these ports is latched into
the corresponding internal coefficient
register set defined by CWE1-0 (Table
4) on the next rising edge of CLK.
Table 3 shows which coefficient
registers are available for each coeffi-
cient input port.

PIN NAMES
MODE1-0 | A110 B11-o C11-0 KAgo KB9-o KCo0 XCi1-0 YC11-8 Y7-4 YCs-0 ZC11-0
00 At11-0  B11-o  C11-0 | KAgo KBe-o KCo-0 | X110 Y11-8 Y7-4 Y30 Z11-0
01 A11-0 A110  NC KA9-0 KBg-o KCo-0 | CASINi15s-4 CASIN30o NC CASOUT3-0  CASOUT15-4
10 A110  B11-0  C11-0 | KAo-o KBo-o KCg-0 | CASINi5-4 CASIN3-0 NC CASOUT3-0 CASOUT15-4
11 A110  B11i-o  NC KA9-0 KB9-o KCo-0 | CASINis-4 CASIN30o NC CASOUT3-0 CASOUT15-4

Video Imaging Products
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PEVIGES NOORPORATED 12 x 10-bit Matrix Multiplier
Ficure 1a. InpuT EORMATS CASOUT15-0 — Cascade Output

Data Input (All Modes)
[1110 9 8 7 6 5 4 3 2 1
_211 210 29 28 27 26 25 24 23 22 21
(Sign)

0|
20

—— Coefficient Input (All Modes) —
[9 87 6 5 4 32 1 0]
—20 271 22 23 o4 2% 6 o7 g8 2O
(Sign)

Cascade Input (Modes 01, 10, 11)

[15 14131211 10 9 8 7 6 5 4 3 2 1

o |

(Sign)

_211 210 29

28 27 26 25 24 23 22 pt D0 o1 2 o8 o

—— Internal Sum (All Modes) —

[20 19 18 17 % 3 2 1 0 |
_211 210 29 28 2-6 2—7 2—8 2—9
(Sign)

In the filter modes (Modes 01, 10, 11),
the 12-bit Z port and four bits of the Y
port are internally reconfigured as the
16-bit registered cascade output port.

NOTE: The X, Y, and Z ports are
automatically reconfigured by the LF2250
as the cascade-in and cascade-out ports as
required for each operating mode. Because
both the X and Z ports are used for the
cascade ports, all X port pins and all Z
port pins are labelled as XC and ZC,
respectively. All'Y port pins that are used
for the cascade ports are labelled as YC.
Those Y port pins which are not used for
the cascade ports are labelled as Y.

Controls
MODE1-0 — Mode Select

The registered mode select inputs
determine the operating mode of the
LF2250 (Table 1) for data being input
on the next clock cycle. When switch-

ing between modes, the internal

FiGURE 1B.

Output FORMATS

Result (Mode 00)
[1110 9 8 7 6 5 4 3 2 1 0|
_211 210 29 28 27 26 25 24 23 22 21 20

(Sign)

Cascade Out (Modes 01, 10, 11)

L151413121110987654321

0 |

pipeline latencies of the device must
be observed. After switching operat-
ing modes, the user must allow
enough clock cycles to pass to flush
the internal registers before valid data
will appear on the outputs.

CWE1-0 — Coefficient Write Enable

The registered coefficient write enable
inputs determine which internal
coefficient register set to update

_nl11 n10 9 8 7 6 5 4 3 2 1 0 -1 02 n-3 n—4
(Si)n) 2z rrzzzzzzizze (Table 4) on the next clock cycle.
CASIN15-0 — Cascade Input Outputs T AB&E~3; _Coerricient lputs
In the filter modes (Modes 01, 10, 11), ~ X11-0, Y11-0, Z11-0 — Data Outputs
P ’ INPUT PORT REG. AVAILABLE
the 12-bit X port and four bits of the Y XY and Z he 12-bi . d
port are internally reconfigured as the » X, an a;e t E -bit .reglstle?el KA KA1, KA2, KA3
16-bit registered cascade input port. outgut(ll\adox;tls (;g)t ;hmatrlx Tu tply KB KB1, KB2, KB3
Dat ted to thi t will mode (Mode 00). These ports are
ata presented to this port will be automatically reconfigured for the KC KC1, KC2, KC3

added to the internal sum of products.

filter modes (Modes 01, 10, 11) as the
cascade-in and cascade-out ports.
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CWE1-0 COEFFICIENT SET
00 Hold All Registers
01 KA1, KB1, KC1
10 KA2, KB2, KC2
11 KA3, KB3, KC3
DETAILS OF OPERATION

3 x 3 Matrix Multiplier — Mode 00

In this mode, all three input ports (A,
B, C) and all three output ports (X, Y,
Z) are utilized to implement a 3 x 3
matrix multiplication (triple dot
product). Each truncated 12-bit
output is the sum of all three input
words multiplied by the appropriate
coefficients (Table 5). The pipeline
latency for this mode is five clock
cycles. Therefore, the sum of products
will be output five clock cycles after
the input data has been latched. New
output data is subsequently available
every clock cycle thereafter.

9-Tap FIR Filter — Mode 01

This mode utilizes the 12-bit A and B
data input ports as well as the 16-bit
CASIN port. The input data should
be presented to the A and B ports
simultaneously. The resulting 9-
sample response, which is half-LSB
rounded to 16 bits, begins after five
clock cycles and ends after 13 clock
cycles (Table 5). The pipeline latency
from the input of an impulse response
to the center of the output response is
nine clock cycles. The latency from
the CASIN port to the CASOUT port
is four clock cycles. New output data
is available every clock cycle.

3 x 3-Pixel Convolver — Mode 10

When configured in this mode, line
delayed data is loaded through the A,
B, and C input ports. During each
cycle, a new rounded 16-bit output

(comprising of the summation of the
multiplications of the last nine data
inputs with their related coefficients)
becomes available (Table 5). The
CASIN term is also added to each new
output. The internal bus structure and
pipeline delays allow new input data
to be added every cycle while main-
taining the structure of the filtering
operation. This addition of new data
every cycle produces the effect of the
convolution window moving to the
next pixel column.

12 x 10-bit Matrix Multiplier

4 x 2-Pixel Convolver — Mode 11

Using the A and B ports, input data is
loaded and multiplied by the on-
board coefficients. These products are
then summed with the CASIN data
and rounded to create the 16-bit
output. The cascade ports allow
multiple devices to be used together
for use with larger kernels. As with
Mode 10, each cycle results in a 16-bit
output created from the products and
summations performed.

X(n+4)
Y(n+4)
Z(n+4)

CASOUT(n+12) =

+ CASIN(n+9)

CASOUT(n+6) =

+ CASIN(n+3)

CASOUT(n+7) =

+ A(n)KC3(n+3)

+ CASIN(n+4)

3 x 3 Matrix Multiplier — Mode 00

A(MKA1(n) + B(MKBI(n) + C(n)KC1(n)
A(NKA2(n) + B(NKB2(n) + C(n)KC2(n)
A(NKA3(n) + B(N)KB3(n) + C(n)KC3(n)

9-Tap FIR Filter — Mode 01
A(n+8)KA3(n+8) + A(n+7)KA2(n+7) +
+ B(n+5)KB3(n+8) + B(n+4)KB2(n+7) +
+ B(n+2)KC3(n+8) + B(n+1)KC2(n+7) +

3 x 3-Pixel Convolver — Mode 10
A(n+2)KA3(n+2) + A(n+1)KA2(n+1) +
+ B(n+2)KB3(n+2) + B(n+1)KB2(n+1) +
+ C(n+2)KC3(n+2) + C(n+1)KC2(n+1) +

4 x 2-Pixel Convolver — Mode 11
A(n+3)KA3(n+3) + A(n+2)KA2(n+2) +
+ B(n+3)KB3(n+3) +
+ B(n+1)KB1(n+1) + B(n)KC1(n+1)

A(n+6)KA1(n+6)
B(n+3)KB1(n+6)
B(n)KC1(n+6)

A(n)KA1(n)
B(n)KB1(n)
C(n)KC1(n)

A(n+1)KA1(n+1)
B(n+2)KB2(n+2)
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LF2250

DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier
Ficure 2. 3 ' L
A 12
N
- KA1 KA2 KA3
KA ——> > X X
N
A Y
> > >
> > >
21’ 21 21
12 ]
B >
LA
- KB1 KB2 KB3
KB —<—>] > X X
N
Y Y
> > >
> > >
21/ 21 21
c 12
A
- KC1 KC2 KC3
KC ——> - X X
N
Y Y
> > >
> > >
21 21 21
\ J v v
12 (MSB) 12 (MSB) 12 (MSB)
X Y ¥4
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LF2250
12 x 10-bit Matrix Multiplier

DEVICES INCORPORATED

Ficune 3. 9-Tap FIR Fiten — Moo 01

Y \
> >
> > >
21§ 21 21/
B 12 4
LA
- KB1 KB2 KB3
KB —o—> > X X
LA
i v
> > >
>
21y

V1.
L]
ng

KC1 KC2 KC3
KC ——13L—>[;;}-— X X
Y A\
> > >
> > >
21 21
v

\,>’.\<¢’ o | :\:i55¢’ :[;;] SR —+-

16 16 21
CASIN 4 ’ >
16 (MSB)

10000,
(HALF-LSB ROUNDING)
NOTE: NUMBERS IN REGISTERS INDICATE
NUMBER OF PIPELINE DELAYS CASOUT
Video Imaging Products
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12 x 10-bit Matrix Multiplier
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Ficure 4. 3 x 3-PixeL ConvoLver — Mobpe 10

12

10

A —F—>

KA —F—>

KB —F>

CASIN —/—Plll

KA1 KA2 KA3
> X X
A A
> > >
>
21'r 21 21
KB1 KB2 KB3
> X X
Y A
> > >
> > >
21} 21} 21)
KC1 KC2 KC3
X X
A A A
> > >
> > >
21) 21} 21
\
B SN B, &Y SN I
5 NU% Al N4 Lal
10000,
(HALF-LSB ROUNDING)
16 (MSB)
CASOUT
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DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier
Ficure 5. 4 x 2-PixeL ConvoLver — .
A 12
N
. KA1
10
KA ——> > X X
N
\ Y
> > >
> > >
21 21§y 21
12 ]
B —>
A
_ KB1 KB2 KB3
KB ——n > X %
A
A Y
A > > >
S P> > >
21 21 21
0
KC1 KC2 KC3
KC #—B— X X
Y A
> > >
> > >
21 21 21
v v A /
16 16 21 ‘( [ ] \( 21
CASIN ’ > > > > ——
_"_" ai T 1 1 T
10000,
(HALF-LSB ROUNDING)
16 (MSB)
NOTE: NUMBERS IN REGISTERS INDICATE
NUMBER OF PIPELINE DELAYS CASOUT
Video Imaging Products
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DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier
ST (o] =10 Lol (=Y 00T o =T €= (8 [ —65°C to +150°C
Operating ambient temperature .... ... =55°C to +125°C
Vcc supply voltage with respect to ground ...........c.cocveeviieeierreeeee e -05Vto+7.0V
Input signal with respect to ground ...........cccooerrirererere e -05VtoVecc+05V
Signal applied to high impedance OUtPUL ............cccciiiininiirieee e -05VtoVcc+05V
Output CUITENt INtO IOW OULPULS .......eiierieiieicetee ettt ettt bt e bbb s e b eneenbe e 25 mA
LAtCRUD CUITENT ... et e et e e e et e e a e e eate e e e easeeeeseeeeaseeenaneaseeaeanreens > 400 mA

! st specified electrica characteristics _

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military -55°C to +125°C 450V <Vcc<550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage Vce = Min., IoH =-2.0 mA 2.4 \
VoL Output Low Voltage Vce = Min., loL = 4.0 mA 04 | V
VIH Input High Voltage 2.0 Vce | V
ViL Input Low Voltage (Note 3) 0.0 08| V
lix Input Current Ground < VIN < Vcc (Note 12) +10 | pA
loz Output Leakage Current (Note 12) +40 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 160 | mA
Icc2 Vcc Current, Quiescent (Note 7) 12 | mA
CiN Input Capacitance Ta=25°C,f=1MHz 10 | pF
Cout Output Capacitance Ta=25°C,f=1MHz 10 | pF

Video Imaging Products
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LF2250-
33 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 33 25

trwL | Clock Pulse Width Low 15 10

tPwH | Clock Pulse Width High 10 10

ts Input Setup Time

tH Input Hold Time 0 0

to Output Delay 18 16

LF2250-
33 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 33 25

tpwL | Clock Pulse Width Low 15 10

tPwH | Clock Pulse Width High 10 10

ts Input Setup Time 12 9

tH Input Hold Time 0

to Output Delay 25 20

Video Imaging Products
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12 x 10-bit Matrix Multiplier
SwiTcHING Waverorms: 3 x 3 Matrix MuLTipLiEr — Mooe 00 .
1 2 3 4 5 6 7 8
ClK oA S N N
tPwH tPwL
CWE1.0 10 > TT XXXXK [ XX
KA, KB, KC XK KKKKKKK KKK KKK KK
AB,C 0 XXX 10 XXX 0 XXX 0 XXX T XX
MODE+-0  XXXXXXXXX [ XX
— to
X11-0 X X X X X X
KA1 + KB1 + KC1
Y1+ X X X X X X
e KA2 + KB2 + KC2
Z110 X X X X X X
KA3 + KB3 + KC3

CLK
CWEt1-0
KA, KB, KC
A B XXX
MODEr 5 XKXRXEX
CASIN15.0  XXXXXXHXIHKHXHKHIKHKXK XXX XXX HXHXHXXXXXKKXXXX XD XXX XX XAK KKK XXX AKXAXXX
- to
CASOUT15-0 X X X LAC] C_KB1 D Qi3
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DEVICES INCORPORATED

CLK
CWEi1-0

KA, KB, KC

A, B,C

MODE10  XXXXXXXXXK

CASIN1s-0

X X
KA3 +KB3+KC3 KA2+KB2+KC2 KA1 +KB1 +KC1

—— to
Q7

CASOUT15-0

CLK
CWE10
KA, KB, KC
AB ) OZO O GIED_ ¢-6°¢, QD 466 QD ¢¢-¢ G D, ¥
MODE+0 XXXXXXXXX X
CASIN15-0
— to
CASOUT15.0 . X X Q8
KA3 + KB3 KA2 + KB3 KA1 + KB1 KC1+KC3
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12 x 10-bit Matrix Multiplier

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

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional precautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdeviceprovideshard clamping of
transient undershoot and overshoot.
Input levels below ground or above Vcc
will be clamped beginning at -0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of -0.5 V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tion canbe accurately approximated by:

NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and no load, at a 20 MHz clock
rate.

7. Tested with allinputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified IoH and IOL atan
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V may be used. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
As aresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VCC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
inputlevels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

10Q 300Q

0 OUTPUT
n+

'—

ean  ADI

— p-

tois -« [€— tena
OE
02V —

TRISTATE —Ei HIGH IMPEDANCE %c
OUTPUTS A "

02V 02V
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INCORPORATED 12 x 10-bit Matrix Multiplier

120-pin 1 2 3 4 5 6 7 8 9 10 11 12 13
A O O O 0000000000
XC7 XC9 XCitoMODEo C11 Cs C7 Cs C3 Ci Bio B7 Bs

B OO O OO 00000000
XC4 XCs5 XCs XC11MODEt Co Cs Cs4 C2 Bit Bo Bes Bz

c OO OO 0000000000
XC1 XC2 XCs Vcc GND Cto GND vVec Co Bs Bs B3 Bi

D OO OO OO0
YC11 XCo XC3 KEY CLK Bo Ato

YCo YCio GND A1 A As

FI O OO . o0 O
Y7 YCs Vcc Top View A7 As As

c| O OO Through Package O OO
Ys Ys GND (i.e., Component Side Pinout) A M

H o ) (GGG
Y4 YCo Vcc GND Ao At

J| O OO O OO
YCt1 YC2 GND KAs CWE1 CWEo

K oo O O OO
YC3 ZCo ZCs3 KA4 KA7 KAg9
oo Ccoooco0o0o0 0
ZC1 ZC4 ZCe GND KCo GND Vcc KBo KBa KBs KA1 KAs KAs

M OO OO0 000000000
ZC2 ZC7 ZC9 ZC11 KC2 KC4 KCe KCo9 KB2 KBs KBo KA2 KA3

N OO0 O 0000000000
ZCs ZCs ZC1o KC1 KC3 KCs KC7 KCs KBt KB3 KBs KB7 KAo

Speed

33 ns
25ns

25 ns

‘33 ns
25ns

Ceramic Pin Grid Array
(G4)

LF2250GC33
LF2250GC25

LF2250GM33
LF2250GM25

LF2250GMB33
LF2250GMB25

Video Imaging Products
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12 x 10-bit Matrix Multiplier

120-pin

XCs ]
XCs ]
XC4 ]
XCs
XC2
XCt ]
XCo ]
GND ]
YC11 [
YC10 [
YCo ]
Vee [
YCs ]

Y7

Y6 ]
GND ]

Ys ]

Y4
YCo ]
Vee
YC1 ]
YCz2
YCs ]
GND ]
ZCo ]
ZCt1
ZC2 ]
ZC3 ]
ZC4
ZCs ]

120 [ XC7
119 [ XCs
118 [ vee
117 [ XCs
116 3 XC10
115 [ XC11

ZCs ] 31
2C7 ] 32
2Cs ] 33
GND ] 34
ZCo ] 35
ZC10 ] 36
ZC11 ] 37
KCo ] 38
KC1 ] 39
KC2 ] 40
KC3 T 41
GND ] 42
KC4 ] 43
KCs [ 44
KCs ] 45
Vcec ] 46
KC7 ] 47
KCs [ 48
KCo [} 49
KBo ] 50
KB1 ] 51
KB2 [ 52
KB3 ] 53
KB4 ] 54
KBs ] 55
KBe ] 56
KB7 | 57
KBs ] 58

KBs ] 59
KAo ] 60

Speed

33 ns
25ns

Plastic Quad Flatpack
(@1)

LF2250QC33
LF2250QC25
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LF2272

Colorspace Converter/
Corrector (3 x 12-bits)

FEATURES

| | DESCRIPTION

0 40 MHz Data and Computation
Rate

Q Full Precision Internal Calculations
with Output Rounding
QO On-board 10-bit Coefficient Storage
Q Overflow Capability in Low
Resolution Applications
0 Two’s Complement Input and
Output Data Format
Q 3 Simultaneous 12-bit Channels
(64 Giga Colors)
Q Applications:
* Component Color Standards
Translations (RGB, YIQ, YUV)
¢ Color-Temperature Conversion
¢ Image Capturing and Manipulation
¢ Composite Color Encoding/
Decoding
¢ Three-Dimensional Perspective
Translation
0 Replaces TRW /Raytheon TM(C2272

QO Package Styles Available:
¢ 120-pin Pin Grid Array
¢ 120-pin Plastic Quad Flatpack

The LF2272 is a high-speed digital
colorspace converter/ corrector
consisting of three simultaneous 12-bit
input and output channels for func-
tionality up to 64 Giga (2%) colors.
Some of the applications the LF2272
can be used for include phosphor
colorimetry correction, image captur-
ing and manipulation, composite color
encoding/decoding, color matching,
and composite color standards
conversion/transcoding.

The 3 x 3 matrix multiplier (triple dot
product) allows users to easily per-
form three-dimensional perspective
translations or video format conver-
sions at real-time video rates. By
using the LF2272, conversions can be
made from the RGB (color compo-
nent) format to the YIQ (quadrature
encoded chrominance) or YUV (color
difference) formats and vice versa
(YIQ or YUV to RGB). Differing signal
formats in each stage of a system can
be disregarded. For example, using

an LF2272 at each format interface
allows each stage of a system to
operate on the data while in the
appropriate format.

All inputs and outputs, as well as all
control lines, are registered on the
rising edge of clock. The LF2272
operates at clock rates up to 40 MHz
over the full commercial temperature
and supply voltage ranges. A nar-
rower data path can be used to allow
the LF2272 to work with many
different imaging applications.

DETAILS OF OPERATION

All three input ports (A, B, C) and all
three output ports (X, Y, Z) are
utilized to implement a 3 x 3 matrix
multiplication (triple dot product).
Each truncated 12-bit output is the
sum of all three input words multi-
plied by the appropriate coefficients
(Table 1). The pipeline latency is five
clock cycles. Therefore, the sum of

[ LF2272 BLock Diacram

-

CLK ———————»
CWEL1-0 ——5—>]

KCs-0 #—»

® ®
® ®
X ®

A11-0 4—-—» 12 Xi10
DATA 12 ——/—>12 -
: ———F—> -
INPUTS { Bi1-0 +.>12 . Yo oaa
Crio > ———F—> Zi10
KAgo ———»|
COEFFICIENT 10 Q_MU;EAPLIER
INPUTS KBo-o —————> ARRAY
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DEVICES INCORPORATED

products will be output five clock
cycles after the input data has been
registered. New output data is
subsequently available every clock
cycle thereafter.

DATA FORMATTING

The data input ports (A, B, C) and
data output ports (X, Y, Z) are 12-bit
integer two’s complement format.

The coefficient input ports (KA, KB,
KC) are 10-bit fractional two’s
complement format. Refer to
Figures 1a and 1b.

BIT WEIGHTING

The internal sum of products of the
LF2272 can grow to 23 bits. However,
in order to keep the output format
identical to the input format, the X, Y,
and Z outputs are rounded to 12-bit
integer words. The rounding is done
only at the final output stage to allow
accuracy, with correct rounding and
overflow, for applications requiring
less than 12-bit integer words. The
user may adjust the bit weighting by
applying an identical scaling correc-
tion factor to both the input and
output data streams.

Colorspace Converter/
Corrector (3 x 12-bits)

X(n+4) = A(MKA1(n) + BM)KB1(n) + C(n)KC1(n)
Y(n+4) = A(MKA2(n) + B()KB2(n) + C(N)KC2(n)
Z(n+4) = A(MKA3(n) + B()KB3(n) + C(nKC3(n)

DATA OVERFLOW SYSTEMS SMALLER THAN 12-BITS

Because the LF2272’s matched input
and output data formats accommo-
date unity gain (0 dB), input condi-
tions that could lead to numeric
overflow may exist. To ensure that no
overflow conditions occur, the user
must be aware of the maximum input
data and coefficient word sizes
allowable for each specific algorithm
being performed.

Using a data path less than 12-bits
requires the input data to be right
justified and sign extended to 12-bits
because the LF2272 carries out all
calculations to full precision. Since all
least-significant bits are used, the
desired X, Y, and Z outputs are
rounded correctly and upper-order
output bits are used for overflow.

(Sign)

Ficure 1a. InpuT FoRMATS =~ .
Data Input
[11 10 9 8 7 6 5 4 3 2 1 0|
_211 210 29 28 27 26 25 24 23 22 21 20

Coefficient Input

[9 8 7 6 5 4 3 2 1

0]

—20 271 272 278 4 25 26 277 28 2°

(Sign)

Internal Sum
[20 1918 17 Wb 3 2 1 0 |
_211 210 29 23 2—6 2—7 2—8 2—9
(Sign)

Result

[11 10 9 8 7 6 5 4 3 2 1

0]

_211 210 29 28 27
(Sign)

25 2% 28 22 2t 2°

Video Imaging Products
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SIGNAL DEFINITIONS
Power
Vcc and GND

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all
enabled registers. All timing specifi-
cations are referenced to the rising
edge of CLK.

Inputs
A11-0, B11-0, C11-0 — Data Inputs

A, B, and C are the 12-bit registered
data input ports. Data presented to
these ports is latched into the multi-
plier input registers.

KA9-0, KB9-0, KC9-0 — Coefficient Inputs

KA, KB, and KC are the 10-bit regis-
tered coefficient input ports. Data
presented to these ports is latched into
the corresponding internal coefficient
register set defined by CWEL1-0
(Table 3) on the next rising edge of
CLK. Table 2 shows which coefficient
registers are available for each coeffi-
cient input port.

Colorspace Converter/
Corrector (3 x 12-bits)

TaBLE 2. CoEFFICIENT INPUTS TasLe 3. CoeFr. ReG. UPDATE
INPUT PORT | REG. AVAILABLE CWEL1-0 | COEFFICIENT SET
KA KA1, KA2, KA3 00 Hold All Registers
KB KB1, KB2, KB3 01 KA1, KB1, KC1
KC KC1, KC2, KC3 10 KA2, KB2, KC2
11 KA3, KB3, KC3
Outputs

X11-0, Y11-0, Z11-0 — Data Outputs

X, Y, and Z are the 12-bit registered

data output ports.

Controls

CWEL1-0 — Coefficient Write Enable

The registered coefficient write enable
inputs determine which internal
coefficient register set to update
(Table 3) on the next clock cycle.
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Corrector (3 x 12-bits)
12 [
A —F>
A
- KA1 KA2 KA3
KA 10 > > X X
A
Y A
> > >
> > >
21 21 21
B 12 ]
KB1 KB2 KB3
KB %'L»;I—— X X
A y
> > >
> > >
21‘ 4 21 21
ot ]
KC1 KC2 KC3
KC —o—>| X X X
A Y A
> > >
> >
21 21 21
4 \ Jr
CWEL J/—»EI—» —+ -+ —t
12 (MSB) 12 (MSB) 12 (MSB)
X Y z
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Corrector (3 x 12-bits)

Storage teMPEratUre ... s s —65°C to +150°C
Operating ambient tEMPErature ............cocveeeeeieiieiiie et —55°C to +125°C
Vcce supply voltage with respect 1o ground ...........ccccoiieiieiinieiener e -05Vto+7.0V
Input signal with respect 1o ground ............ccooviiiiiiiiiienn e -05VtoVcc+0.5V
Signal applied to high impedance output ..o -05VtovVcc+05V
Output current iNt0 IOW OUIPULS ........coueiiiiiiiei ettt s s b e e b e 25 mA
LatCRUD CUITENT ...ttt st sb et e ettt e ae e s be e et e e nee s eneenne e aennneenne > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
—55°C to +125°C 450V <Vcc<550V

Active Operation, Military

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vce = Min.,, IoH = —2.0 mA 2.4 Vv
VoL Output Low Voltage Vce = Min,, oL = 4.0 mA 04 | V
ViH Input High Voltage 2.0 vcc | V
ViL Input Low Voltage (Note 3) 0.0 08| V
Iix Input Current Ground < VIN < VCC (Note 12) +10 | pA
loz Output Leakage Current (Note 12) 140 | pA
Icct Vce Current, Dynamic (Notes 5, 6) 160 | mA
Icc2 Vcc Current, Quiescent (Note 7) 12 | mA
CiN Input Capacitance Ta=25°C,f=1MHz 10 | pF

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

Video Imaging Products
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LF2or2-
33 25
Symbol Parameter Min Max Min Max
tcyc | Cycle Time 33 25
tpwL | Clock Pulse Width Low 15 10
trwH | Clock Pulse Width High 10 10
ts Input Setup Time 8
tH Input Hold Time 0
to Output Delay 18 16

LF2272—-

33 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 33 25

trpwL | Clock Pulse Width Low 15 10

tPpwH | Clock Pulse Width High 10 10

ts Input Setup Time 12 9

tH Input Hold Time 0

to Output Delay 25 20

CWEL1-0

KA, KB, KC

AB,C
—= to
X110 X X X X X X
KA1 + KB1 + KC1
Y110 X X X X X X
KA2 + KB2 + KC2
Zi10 X X X X X X

KA3 + KB3 + KC3

Video Imaging Products
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1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at 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. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional precautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdevice provideshard clampingof
transient undershoot and overshoot.
Input levels below ground or above Vcc
will be clamped beginning at—0.6 V and
vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of -0.5V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tion canbe accurately approximated by:

NCVZ2F
where 4

N = total number of device outputs
C = capacitive load per output

V =supply voltage

F =clock frequency

6. Tested with all outputs changing ev-
ery cycleand noload, ata 20 MHz clock
rate.

7. Tested with all inputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOH and IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IoL
respectively, and a balancing voltage of
1.5V may be used. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VcC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from

Colorspace Converter/
Corrector (3 x 12-bits)

the internal circuitry are specified from
the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

10Q 300Q

O OUTPUT

n+

—
F<e n A D1
— p-

tois - [— tENA
OE
02v —

TRISTATE —i HIGH IMPEDANCE s
OUTPUTS ——E #c

0.2V

02V
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Colorspace Converter/
Corrector (3 x 12-bits)

33 ns
25ns

33 ns
25 ns

33 ns
25 ns

120-pin 1 2 3 4 5 6 7 8 9 10 11 12 13
A DO OO0 000000000
X7 Xe¢ X0 GND C11 Cs C7r Cs Cs3 Ci Bio Br Bs

Bl O O O O OO0 OO0 00000
Xa 5 X8 X1t GND Co9 Cs C4 Cz2 Bi1t Bes Bs B2

X1 X2 X6 Vcc GND Cio GND Vec Co Bs Bs B3 B

-~ 7S, r~ S . 7 -~

D (LI L I (L [
Y11 Xo X3 CLK Bo At0

~ o~ o~ KEY ~ o~ o~

E o ) [ U ]
Yo Y10 GND A1l As  As

Y7 Ys Voo Top View A7 As As

G OO O Through Package O OO
Ys Ys GND (i.e., Component Side Pinout) Az A2 A4

T T o T g P L SN

H [SULI L LA L
Y4 Yo Vcc GND Ao A1

J OO O OO O
Y1 Y2 GND KA8 CWEL1 CWELo

k| O OO o OO
Ys 2o Z3 KA4 KA7 KA9

L OO OO0 000000000
Z1  Z4 Ze GND KCo GND Vcc KBo KB4 KBs KA1 KAs KAse

7~ Pl P S 7 P L P ) s It S 7S

M (O ENG RGO G O O N . O I O . I U O N
Z2 Z7 Z9 Z11 KC2 KCs4 KCe KCs KB2 KBs KBs KA2 KA3

™~ -~ ., ) ~ s -~ -~ P . r~ -~ ’~

N O I I 5 R . I (5 R 5 R (5L (LI A5 R (L O I
Z5 Z8 Zio KC1 KC3 KCs KC7 KCs KB1 KB3 KBs KB7 KAo

Ceramic Pin Grid Array
Speed (G4)

LF227
LF2272GC25

LF2272GM33
LF2272GM25

LF2272GMB33
LF2272GMB25
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NCORPORATED Colorspace Converter/
Corrector (3 x 12-bits)

£288 2., 8. .. 8 - o
RREXXXGG665633565883883085a88b848
e R2RhLeRYN 23 B58838858885883885
G TTTTTEEEEEERRRRR22222 N
Xs ] 2 89 [ B3
X4 3 88 [ CLK
Xa ] 4 87 B2
X2 T 6 86 [ B1
X1 =] 6 85 [~ Bo
Xo 7 84 [ A1
GND ] 8 83 [ A10
N2 — 82 [~ A9
Yto {10 81 [ As
Yo . 11 80 [ A7
vee . 12 79 [ Ae
Ys T 13 78 [ As
Y7 . 14 77 3 Ae
ve . 15 Top 76 1 As
GND ] 16 V 75 1 A2
Ys 17 74 [ A1
Y4§18 iew 73 1 Ao
Yo ] 19 72 =1 GND
vee ] 20 71 1 CWEo
y1 21 70 =1 CWE1
Y2 . 22 69 [ KA9
Ys ] 23 68 1 KAs
GND ] 24 67 [ KA?
20 ] 25 66 [ KAe
z1 . 26 65 1 KAs
22 ] 27 64 [ KA4
23 ] 28 63 1 KA3
Za T 29 62 [ KA2
75 £ 30 61 [ KA1
58838858337 923995333 53338853833
© N~ DO QO - N® < 0 © N O OO -~ MWL ON®ODC
NRRZRTE8e8823588808380888880888
Plastic Quad Flatpack
Speed Q1
33ns LF2272QC33
25ns LF2272QC25
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Q 66 MHz Data and Computation Rate

Q0 Two Independent 8-Tap or Single
16-Tap FIR Filters

0 10-bit Data and Coefficient Inputs

Q 32 Programmable Coefficient Sets

Q Supports Interleaved Coefficient Sets

Q User Programmable Decimation up
to 16:1

0 Maximum of 256 FIR Filter Taps,
16 x 16 2-D Kernels, or 10 x 20-bit

Data and Coefficients

Q Replaces Harris HSP43168

Q Available 100% Screened to
MIL-STD-883, Class B

Q Package Styles Available:
¢ 84-pin Plastic LCC, J-Lead
¢ 100-pin Plastic Quad Flatpack
¢ 84-pin Ceramic PGA

The LF43168 is a high-speed dual FIR
filter capable of filtering data at real-
time video rates. The device contains
two FIR filters which may be used as
two separate filters or cascaded to
form one filter. The input and coeffi-
cient data are both 10-bits and can be
in unsigned, two’s complement, or
mixed mode format.

The filter architecture is optimized for
symmetric coefficient sets. When
symmetric coefficient sets are used,
each filter can be configured as an 8-tap
FIR filter. If the two filters are cas-
caded, a 16-tap FIR filter can be
implemented. When asymmetric
coefficient sets are used, each filter is
configured as a 4-tap FIR filter. If both
filters are cascaded, an 8-tap filter can

LF43168
Dual 8-Tap FIR Filter

be implemented. The LF43168 can
decimate the output data by as much
as 16:1. When the device is pro-
grammed to decimate, the number of
clock cycles available to calculate filter
taps increases. When configured for
16:1 decimation, each filter can be
configured as a 128-tap FIR filter (if
symmetric coefficient sets are used).
By cascading these two filters, the
device can be configured as a 256-tap
FIR filter.

There is on-chip storage for 32
different sets of coefficients. Each set
consists of eight coefficients. Access
to more than one coefficient set
facilitates adaptive filtering opera-
tions. The 28-bit filter output can be
rounded from 8 to 19 bits.
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SIGNAL DEFINITIONS
Power
Vcc and GND

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all
enabled registers.

Inputs
INA9-0 — Data Input (FIR Filter A)

INA9-0 is the 10-bit registered data
input port for FIR Filter A. INA9-0
can also be used to send data to FIR
Filter B. Data is latched on the
rising edge of CLK.

INB9-0 — Data Input (FIR Filter B)

INB9-0 is the 10-bit registered data
input port for FIR Filter B. Data is
latched on the rising edge of CLK.
INB9-1 is also used as OUTS8-0, the nine
least significant bits of the data output
port (see OUT27-0 section).

CIN9-0 — Coefficient/Control Data Input

CIN9-0 is the data input port for the
coefficient and control registers. Data
is latched on the rising edge of WR.

A8-0 — Coefficient/Control Address

A0 provides the write address for data
on CIN9-0. Data is latched on the
falling edge of WR.

WR — Coefficient/Control Write

The rising edge of WR latches data on
CIN9-0 into the coefficient/control
register addressed by As-0.

CSEL4-0 — Coefficient Select

CSEL4-0 determines which set of
coefficients is sent to the multipliers in
both FIR filters. Data is latched on the
rising edge of CLK.

Dual 8-Tap FIR Filter

Data

[9 8 7% 2 1 0]

20 2—1 2—2 2—7 2-3 2—9

[0 8 72 1 0]
202tz o7 B °
(Sign)

Fractional Unsigned

Fractional Two's Complement

Coefficient

[0 8 7% 2 1 0]

20 27 2 27 28 2°

[9 8 742 1 0]
2027 2% 27 28 29
(Sign)

Fractional Unsigned

Fractional Two's Complement

[27 26 25 % 2 1 0| [27 26 o5 b 2 1 0]
29 28 27 2—16 2—172—18 _29 28 27 2—16 2—172—18
(Sign)
Outputs FWRD — Forward ALU Input

OUT27-0 — Data Output

OUT27-0 is the 28-bit registered data
output port. OUTS8-0is also used as
INB9-1, the nine most significant bits
of the FIR Filter B data input port (see
INB9-0 section). If both filters are
configured for even-symmetric
coefficients, and both input and
coefficient data is unsigned, the filter
output data will be unsigned. Other-
wise, the output data will be in two’s
complement format.

Controls
SHFTEN — Shift Enable

When SHFTEN is LOW, data on
INA9-0 and INB9-0 can be latched into
the device and data can be shifted
through the decimation registers.
When SHFTEN is HIGH, data on
INA9-0 and INB9-0 can not be latched
into the device and data in the input
and decimation registers is held. This
signal is latched on the rising edge
of CLK.

When FWRD is LOW, data from the
forward decimation path is sent to the
“A” inputs on the ALUs. When
FWRD is HIGH, “0” is sent to the “A”
inputs on the ALUs. This signal is
latched on the rising edge of CLK.

RVRS — Reverse ALU Input

When RVRS is LOW, data from the
reverse decimation path is sent to the
“B” inputs on the ALUs. When RVRS
is HIGH, “0” is sent to the “B” inputs
on the ALUs. This signal is latched on
the rising edge of CLK.

TXFR — LIFO Transfer Control

When TXFR goes LOW, the LIFO
sending data to the reverse decimation
path becomes the LIFO receiving data
from the forward decimation path,
and the LIFO receiving data from the
forward decimation path becomes the
LIFO sending data to the reverse
decimation path. The device must see
a HIGH to LOW transition of TXFR in
order to switch LIFOs. This signal is
latched on the rising edge of CLK.
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ACCEN — Accumulate Enable

When ACCEN is HIGH, both accumu-
lators are enabled for accumulation
and writing to the accumulator output
registers is disabled (the registers hold
their values). When ACCEN goes
LOW, accumulation is halted (by
sending zeros to the accumulator
feedback inputs) and writing to the
accumulator output registers is
enabled. This signal is latched on the
rising edge of CLK.

MUX1-0 — Mux/Adder Control

MUX1-0 controls the Mux/Adder as
shown in Table 3. Data is latched on
the rising edge of CLK.

OEL — Output Enable Low

When OEL is LOW, OUTSs-0 is enabled
for output and INB9-1 can not be used.
When OEL is HIGH, OUT8-0 is placed
in a high-impedance state and INB9-1
is available for data input.

OEH — Output Enable High

When OEH is LOW, OUT27-9 is
enabled for output. When OEH is
HIGH, OUT27-9 is placed in a high-
impedance state.

FUNCTIONAL DESCRIPTION
Control Registers

There are two control registers which
determine how the LF43168 is config-
ured. Tables 1 and 2 show how each
register is organized. Data on CIN9-0
is latched into the addressed control
register on the rising edge of WR.
Address data is input on As-0. Con-
trol Register 0 is written to using
address 000H. Control Register 1 is
written to using address 001H (Note
that addresses 002H to OFFH are
reserved and should not be written
to). When a control register is written
to, a reset occurs which lasts for 6 CLK
cycles from when WR goes HIGH.
This reset does not alter any data in
the coefficient banks. Control data
can be loaded asynchronously to CLK.

Dual 8-Tap FIR Filter

BITS FUNCTION DESCRIPTION
0-3 Decimation Factor/ 0000 = No Decimation, Delay by 1
Decimation Register Delay Length | 0001 = Decimate by 2, Delay by 2
0010 = Decimate by 3, Delay by 3
0011 = Decimate by 4, Delay by 4
0100 = Decimate by 5, Delay by 5
0101 = Decimate by 6, Delay by 6
0110 = Decimate by 7, Delay by 7
0111 = Decimate by 8, Delay by 8
1000 = Decimate by 9, Delay by 9
1001 = Decimate by 10, Delay by 10
1010 = Decimate by 11, Delay by 11
1011 = Decimate by 12, Delay by 12
1100 = Decimate by 13, Delay by 13
1101 = Decimate by 14, Delay by 14
1110 = Decimate by 15, Delay by 15
1111 = Decimate by 16, Delay by 16
4 Filter Mode Select 0 = Single Filter Mode
1 = Dual Filter Mode
5 Coefficient Symmetry Select 0 = Even-Symmetric Coefficients
1 = Odd-Symmetric Coefficients
6 FIR Filter A: Odd/Even Taps 0 = Odd Number of Filter Taps
1 = Even Number of Filter Taps
7 FIR Filter B: Odd/Even Taps 0 = Odd Number of Filter Taps
1 = Even Number of Filter Taps
8 FIR Filter B Input Source 0 = Input from INA9-0
1 = Input from INB9-0
9 Interleaved/Non-Interleaved 0 = Non-Interleaved Coefficient Sets
Coefficient Sets 1 = Interleaved Coefficient Sets

Bits 0-3 of Control Register 0 control
the decimation registers. The decima-
tion factor and decimation register
delay length is set using these bits.

Bit 4 determines if FIR filters A and B
operate separately as two filters or
together as one filter. Bit 5 is used to
select even or odd-symmetric coeffi-
cients. Bits 6 and 7 determine if there
are an even or odd number of taps in
filters A and B respectively. When the
FIR filters are set to operate as two
separate filters, bit 8 selects either
INA9-0 or INB9-0 as the filter B input
source. Bit 9 determines if the coeffi-
cient set used is interleaved or non-
interleaved (see Interleaved Coeffi-
cient Filters section). Most applica-
tions use non-interleaved coefficient
sets (bit 9 set to “0”).

Bits 0 and 1 of Control Register 1
determine the input and coefficient
data formats respectively for filter A.
Bits 2 and 3 determine the input and
coefficient data formats respectively
for filter B. Bit 4 is used to enable or
disable data reversal on the reverse
decimation path. When data reversal
is enabled, the data order is reversed
before being sent to the reverse
decimation path. Bits 5-8 select where
rounding will occur on the output
data (See Mux/Adder section). Bit9
enables or disables output rounding.

Coefficient Banks

The coefficient banks supply coeffi-
cient data to the multipliers in both
FIR filters. The LF43168 can store 32
different coefficient sets. A coefficient

Video Imaging Products
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DESCRIPTION

0 FIR Filter A Input Data Format

0 = Unsigned
1 = Two’s Complement

1 FIR Filter A Coefficient Format

0 = Unsigned
1 = Two’s Complement

2 FIR Filter B Input Data Format

0 = Unsigned
1 = Two’s Complement

3 FIR Filter B Coefficient Format

0 = Unsigned
1 = Two’s Complement

4 Data Order Reversal Enable

0 = Enabled
1 = Disabled

5-8 Output Round Position

0000 = 270
0001 = 2°°
0010 = 278
0011 = 27
0100 = 2°°
0101 = 275
0110 = 27
0111 = 278
1000 = 22
1001 = 27
1010 = 2°

1011 = 2!

9 Output Round Enable

0 = Enabled
1 = Disabled

set consists of 8 coefficient values.
Each bank can hold 32 10-bit values.
CSEL4-0 is used to select which
coefficient set is sent to the filter
multipliers. The coefficient set fed to
the multipliers may be switched every
CLK cycle if desired.

Data on CIN9-0 is latched into the
addressed coefficient bank on the
rising edge of WR. Address data is
input on A8-0 and is decoded as
follows: A1-0 determines the bank
number (“00”, “01”, “10”, and “11”
correspond to banks 0, 1, 2, and 3
respectively), A2 determines which
filter (“0” = filter A, “1” = filter B), A7-3
determines which set number the
coefficient is in, and A8 must be set to
“1”. For example, an address of
“100111011” will load coefficient set 7
in bank 3 of filter A with data. Coeffi-
cient data can be loaded asynchro-
nously to CLK.

Decimation Registers

The decimation registers are provided
to take advantage of symmetric filter
coefficients and to provide data
storage for 2-D filtering. The outputs
of the registers are fed into the ALUs.
Both inputs to an ALU need to be
multiplied by the same filter coeffi-
cient. By adding or subtracting the
two data inputs together before being
sent to the filter multiplier, the num-
ber of filter taps needed is cut in half.
Therefore, an 8-tap FIR filter can be
made with only four multipliers. The
decimation registers are divided into
two groups, the forward and reverse
decimation registers. As can be seen
in Figure 1, data flows left to right
through the forward decimation
registers and right to left through the
reverse decimation registers. The
decimation registers can be pro-

Dual 8-Tap FIR Filter

grammed to decimate by 2 to 16 (see
Decimation section and Table 1).
SHFTEN enables and disables the
shifting of data through the decima-
tion registers. When SHFTEN is LOW,
data on INA9-0 and INB9-0 can be
latched into the device and data can
be shifted through the decimation
registers. When SHFTEN is HIGH,
data on INA9-0 and INB9-0 can not be
latched into the device and data in the
input and decimation registers is held.

Data feedback circuitry is positioned
between the forward and reverse
decimation registers. It controls how
data from the forward decimation
path is fed to the reverse decimation
path. The feedback circuitry can
either reverse the data order or pass
the data unchanged to the reverse
decimation path. The mux/demux
sends incoming data to one of the
LIFOs or the data feedback decimation
register. The LIFOs and decimation
register feed into a mux. This mux
determines if one of the LIFOs or the
decimation register sends data to the
reverse decimation path.

If the data order needs to be reversed
before being sent to the reverse
decimation path (for example, when
decimating), Data Reversal Mode
should be enabled by setting bit 4 of
Control Register 1 to “0”. When Data
Reversal is enabled, data from the
forward decimation path is written
into one of the LIFOs in the data
feedback section while the other LIFO
sends data to the reverse decimation
path. When TXFR goes LOW, the
LIFO sending data to the reverse
decimation path becomes the LIFO
receiving data from the forward
decimation path, and the LIFO
receiving data from the forward
decimation path becomes the LIFO
sending data to the reverse decimation
path. The device must see a HIGH to
LOW transition of TXFR in order to
switch LIFOs. The size of data blocks
sent to the reverse decimation path is
determined by how often TXFR goes
LOW. To send data blocks of size 8 to
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the reverse decimation path, TXFR
would have to be set LOW once every
8 CLK cycles. Once a data block size
has been established (by asserting
TXFR at the proper frequency),
changing the frequency or phase of
TXFR assertion will cause unknown
results.

If data should be passed to the reverse
decimation path with the order
unchanged, Data Reversal Mode
should be disabled by setting bit 4 of
Control Register 1 to “1” and TXFR
must be set LOW. When Data Rever-
sal is disabled, data from the forward
decimation path is written into the
data feedback decimation register.
The output of this register sends data
to the reverse decimation path. The
delay length of this register is the
same as the forward and reverse
decimation register's delay length.

When the LF43168 is configured to
operate as a single FIR filter, the
forward and reverse decimation paths
in filters A and B are cascaded together.
The data feedback section in filter B
routes data from the forward decima-
tion path to the reverse decimation
path. The configuration of filter B's
feedback section determines how data
is sent to the reverse decimation path.
Data going through the feedback
section in filter A is sent through the
decimation register.

The point at which data from the
forward decimation path is sent to the
data feedback section is determined
by whether the filter is set to have an
even or odd number of filter taps. If
the filter is set to have an even number
of taps, the output of the third for-
ward decimation register is sent to the
feedback section. If the filter is set to
have an odd number of taps, the data
that will be output from the third
forward decimation register on the
next CLK cycle is sent to the feedback
section.

Decimation

Decimation by N is accomplished by
only reading the LF43168's output once
every N clock cycles. For example, to
decimate by 10, the output should
only be read once every 10 clock
cycles. When not decimating, the
maximum number of taps possible
with a single filter in dual filter mode
is eight. When decimating by N, there
are N - 1 clock cycles between output
readings when the filter output is not
read. These extra clock cycles can be
used to calculate more filter taps. As
the decimation factor increases, the
number of available filter taps increases
also. When programmed to decimate
by N, the number of filter taps for a
single filter in dual filter mode increases
to 8N.

Arithmetic Logic Units

The ALUs can perform the following
operations: B+ A, B- A, pass A, pass
B, and negate A (-A). If FWRD is
LOW, the forward decimation path
provides the A inputs to the ALUs. If
FWRD is HIGH, the A inputs are set to
"0". If RVRS is LOW, the reverse
decimation path provides the B inputs
to the ALUs. If RVRS is HIGH, the B
inputs are set to "0". FWRD, RVRS,
and the filter configuration determine
which ALU operation is performed. If
FWRD and RVRS are both set LOW,
and the filter is set for even-symmetric
coefficients, the ALU will perform the
B + A operation. If FWRD and RVRS
are both set LOW, and the filter is set
for odd-symmetric coefficients, the
ALU will perform the B — A operation.
If FWRD is set LOW, RVRS is set
HIGH, and the filter is set for even-
symmetric coefficients, the ALU will
perform the pass A operation. If
FWRD is set LOW, RVRS is set HIGH,
and the filter is set for odd-symmetric
coefficients, the ALU will perform the
negate A operation. If FWRD is set
HIGH, RVRS is set LOW, and the filter
is set for either even or odd-symmetric
coefficients, the ALU will perform the
pass B operation.

Dual 8-Tap FIR Filter

Accumulators

The multiplier outputs are fed into an
accumulator. Each filter has its own
accumulator. The accumulator can be
set to accumulate the multiplier
outputs or sum the multiplier outputs
and send the result to the accumulator
output register. When ACCEN is
HIGH, both accumulators are enabled
for accumulation and writing to the
accumulator output registers is
disabled (the registers hold their
values). When ACCEN goes LOW,
accumulation is halted (by sending
zeros to the accumulator feedback
inputs) and writing to the accumula-
tor output registers is enabled.

Mux/Adder

When the LF43168 is configured as
two FIR filters, the Mux/Adder is
used to determine which filter drives
the output port. When the LF43168 is
configured as a single FIR filter, the
Mux/Adder is used to sum the
outputs of the two filters and send the
result to the output port. If 10-bit data
and 20-bit coefficients or 20-bit data
and 10-bit coefficients are required,
the Mux/Adder can facilitate this by
scaling filter B’s output by 271 before
being added to filter A’s output.
MUX1-0 determines what function the
Mux/Adder performs (see Table 3).

The Mux/Adder is also used to round
the output data before it is sent to the
output port. Output data is rounded by
adding a “1” to the bit position selected
using bits 5-8 of Control Register 1 (see
Table 2). For example, to round the

MUX1-0 | FUNCTION
00 Filter A + Filter B
(Filter B Scaled by 2-1°)
01 Filter A + Filter B
10 Filter A
11 Filter B
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Even-Tap, Even-Symmetric
Coefficient Set

Odd-Tap, Even-Symmetric
Coefficient Set

Dual 8-Tap FIR Filter

Even-Tap, Odd-Symmetric
Coefficient Set

DATAIN

COEF 0

COEF 1

COEF 2

Bl

1R

DATAIN

—

X

COEF 3

EVEN-TAP FILTER

l X

ODD-TAP FILTER

output to 16 bits, bits 5-8 of Control
Register 1 should be set to “0011”. This
will cause a “1” to be added to bit
position 277,

Symmetric Coefficients

The LF43168 filter architecture is
optimized for symmetric filter coeffi-
cient sets. Figure 3 shows examples of
the different types of symmetric
coefficient sets. In even-symmetric
sets, each coefficient value appears
twice (except in odd-tap sets where
the middle value appears only once).
In odd-symmetric sets, each coefficient
appears twice, but one value is
positive and one is negative. If the

two data input values that will be
multiplied by the same coefficient are
added or subtracted before being sent
to the filter multiplier, the number of
multipliers needed for an N-tap filter
is cut in half. Therefore, an 8-tap filter
can be implemented with four multi-
pliers if a symmetric coefficient set is
used.

FILTER CONFIGURATIONS

Figures 4-6 show the data paths from
filter input to filter multipliers for all
symmetric coefficient filters. Figure 7
shows the interleaved coefficient filter
configuration. Each diagram shows

one of the two FIR filters when the
device is configured for dual filter
mode. The diagrams can be expanded
to include both filters when the device
is configured for single filter mode.

Even-Symmetric Coefficient Filters

Figure 4 shows the two possible
configurations when the device is
programmed for even-symmetric
coefficients and no decimation.

Note that coefficient 3 on the odd-
tap filter must be divided by two to
get the correct result (The coefficient
must be input to the device already
divided by two).
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N = Delay Length (Decimation Factor)

Bl

W,

N = Delay Length

Dual 8-Tap FIR Filter

(Decimation Factor)

Delay Stage N - 1 Output

DATAIN

DATAIN N N
(ND Lal

COEF 0

COEF 1

COEF 2

COEF 3 l

EVEN-TAP FILTER

COEF 0

COEF 1

COEF 2

COEF 3

ODD-TAP FILTER

N = Delay Length (Decimation Factor)

DATA IN

DATAIN

COEF O

COEF 1

COEF2

COEF 1

COEF 2

COEF 3

COEF3

EVEN-TAP FILTER (NO DECIMATION)

DECIMATING, EVEN-TAP FILTER

l X

Figure 5 shows the two possible
configurations when the device is
programmed as a decimating, even-
symmetric coefficient filter. The delay
length of the decimation registers will
be equal to the decimation factor that
the device is programmed for. Since
only four coefficients (effectively
eight) can be sent to the filter multipli-

ers on a clock cycle, it may be neces-
sary (depending on the coefficient set)
to change the coefficients fed to the
multipliers on different CLK cycles for
filters with more than eight taps. Note
that for the odd-tap filter, the middle
coefficient of the coefficient set must
be divided by two to get the correct
result.

Odd-Symmetric Coefficient Filters

Figure 6 shows the two possible
configurations when the device is
programmed for odd-symmetric
coefficients. Note that odd-tap, odd-
symmetric coefficient filters are not

possible.
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2]

Interleaved Coefficient Filters

Figure 7 shows the filter configuration
when the device is programmed for
interleaved coefficients. An inter-
leaved coefficient set contains two
separate odd-tap, even-symmetric
coefficient sets which have been
interleaved together (see Figure 8). If
two data sets are interleaved into the
same serial data stream, they can both
be filtered by different coefficient sets
if the two coefficient sets are also
interleaved. The LF43168 is config-
ured as an interleaved coefficient filter
by programming the device for
interleaved coefficient sets, even-
symmetric coefficients, odd number of
filter taps, and data reversal disabled.
Note that coefficient 3, in Figure 7,
must be divided by two to get the
correct result.

Asymmetric Coefficient Filters

It is possible to have asymmetric
coefficient filters. Asymmetric coeffi-
cient sets do not exhibit even or odd
symmetric properties. A 4-tap asym-
metric filter is possible by putting the
device in even-tap, pass A mode and
then feeding the asymmetric coeffi-
cient set to the multipliers. An 8-tap
asymmetric filter is possible if the
device is clocked twice as fast as the
input data rate. It will take two CLK
cycles to calculate the output. On the
first CLK cycle, the reverse decimation
path is selected to feed data to the
filter multipliers. On the second CLK
cycle, the coefficients sent to the
multipliers are changed (if necessary)
and the forward decimation path is
selected to feed data to the filter
multipliers.

Dual 8-Tap FIR Filter

COEF 3

ODD-TAP INTERLEAVED FILTER

7 654321

Odd-Tap, Even-Symmetric
Coefficient Set A

7654321

Odd-Tap, Even-Symmetric
Coefficient Set B

\

il

L]
14131211109 8 7 6 5 4 3 2 1

Interleaved Coefficient Set
Consisting of Sets A and B
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DEVICES INCORPORATED Dual 8-Tap FIR Filter
StOrage tEMPEIATUIE .........ccueeueierieiriecie et e sttt te et aesae et sbe st e b e eseen e sesseenes —65°C to +150°C
Operating ambient tEMPETAtUIE ..........cooiireeireeeee et s e -55°C to +125°C
Vcc supply voltage with respect to ground ..............occoorieireinenercceree et -05Vto+7.0V
Input signal with respect 0 ground .............ccceiiiiiiiiiniene e -0.5VtoVcc+0.5V
Signal applied to high impedance OUtPUL ............ccooirerierereecee e -0.5VtoVcc+05V
Output current iNt0 [OW OULPULS ......coceeieiiiiirieeeee ettt ettt en e san e e 25 mA
LAtCRUD CUITENT ...ttt ettt m e s e e e s sne e neemneeneenens > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military —55°C to +125°C 450V <Vcc<550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vcc = Min,, IoH =-2.0 mA 2.6 Vv
VoL Output Low Voltage Vce =Min., loL=4.0 mA 04 | V
VIH Input High Voltage 2.0 Vcec | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
hix Input Current Ground < VIN < VcC (Note 12) +10 | pA
loz Output Leakage Current | Ground < VouT < VCC (Note 12) +10 | YA
Icct Vcc Current, Dynamic (Notes 5, 6) 300 | mA
Icc2 Vcc Current, Quiescent (Note 7) 500 | pA
CIN Input Capacitance Ta=25°C,f=1MHz 12 | pF
CouT | Output Capacitance Ta=25°C,f=1MHz 12 | pF

Video Imaging Products
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Dual 8-Tap FIR Filter

LF43168—

30 22 15

Symbol Parameter Min Max Min Max Min Max

tcyc | Cycle Time 30 22 15

tPw Clock Pulse Width 12 8

ts Input Setup Time 15 12

tH Input Hold Time 0 0 0

twp Write Period 30 22 15

twPw | Write Pulse Width 12 10 7

twHcH| Write High to Clock High 5 3 2

tcws | CINg-0 Setup Time 12 10 5

tcwH | CINg-0 Hold Time 0 0 0

taws | Address Setup Time 10 8 5

tawH | Address Hold Time 0 0 0

to Output Delay 14 12 10

teENA | Three-State Output Enable Delay (Note 11) 12 12 12

tois Three-State Output Disable Delay (Note 11) 12 12 12

CLK

*includes INA9-0, INB9-0, CSEL4-0, ACCEN, MUXi1-0, SHFTEN, FWRD, RVRS, and TXFR.

ts H
INPUTS/ ;(
CONTROLS*
[ twp | tWHCH twpw twpw
WA N
tave tAWH
As-0 ;‘(
—={ tCWH
4;‘ tocws  f=—
CINg-0
OEL
OEH ——}L :
tDIS —=| tENA— - tD)F
HIGH IMPEDANCE
OUT27-0 X ) 4 X
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LF43168—
39 30 22

Symbol Parameter Min Max Min Max Min Max

tcyc | Cycle Time 39 30 22

trw Clock Pulse Width 15 12 8

ts Input Setup Time 17 15 12

tH Input Hold Time 0 0 0

twp Write Period 39 30 22

twpw | Write Pulse Width 15 12 10

twHcH| Write High to Clock High 8 5 3

tcws | CIN9-0 Setup Time 15 12 10

tcwH | CINg-o Hold Time 0 0

taws | Address Setup Time 10 10

tAwH | Address Hold Time 0 0 0

to Output Delay 17 15 12

tENA | Three-State Output Enable Delay (Note 11) 12 12 12

tpis Three-State Output Disable Delay (Note 11) 12 12 12

_SwitcHing WAVEFORMS

CLK
INPUTS/
CONTROLS*
| twp | tWHCH twpw twpw
tAWH
-;‘ taws
Ag-0

—= tCWH
tcws  =—
CINo-0 ;I(
OEL
OEH _—/l: .
tois tENA— —{ tb
HIGH IMPEDANGE

OUT27-0 X ) ¢

*includes INAg-0, INBg-0, CSEL4-0, ACCEN, MUX1-0, SHFTEN, FWRD, RVRS, and TXFR.
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Dual 8-Tap FIR Filter

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values be-
yond those indicated in the Operating
Conditions table is not implied. Expo-
sure to maximum rating conditions for
extended periods may affect reliability.

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Never-
theless, conventional precautions
should be observed during storage,
handling, and use of these circuits in
order to avoid exposure to excessive
electrical stress values.

3. This device provides hard clamping
of transient undershoot and overshoot.
Input levels below ground or above VcC
will be clamped beginning at -0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of 0.5V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

4. Actual test conditions may vary
from those designated but operation is
guaranteed as specified.

5. Supply current for a given applica-
tion can be accurately approximated

by:
Y NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and no load, at a 20 MHz clock
rate.

7. Tested with all inputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0 to 3.0 V. Output loading
may be a resistive divider which
provides for specified IoH and IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
As a result, care must be exercised in
the testing of this device. The following
measures are recommended:

a. A 0.1 uF ceramic capacitor should be
installed between VCC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

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

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

—O OUTPUT

n+

)—| n AD
L "

TRISTATE ﬁ'i HIGH IMPEDANCE s
OUTPUTS _7_+_ \—

02v 02v
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Dual 8-Tap FIR Filter

84-pin

CIN7
CINe
CINs
CIN4
GND
CIN3
CIN2
CIN1
CINo
INA9
INAg
INA7
INAs
INAs

Vcec
INA4
INA3
INA2
INA1
INAo
INBo

32

INBs
INB7

d8Sdddddlg
zzZzzzzzlo

< o - o
22BBBEE . 2 53
§588888825223233256232
o e O e Y e e e e e T s T s e e e v Y e o o M o M o M |

/11 10 9 8 7 6 5 4 3 2 184838281807978777675 )

12 ° 7.

[13 73

14 72

s 71

s 70

7 69

s 68

[ I 67

20 66

Ozt Top 65

22 . 64

des View 63

24 62

25 61

[2s 60

O27 59

28 58

2o 57

i

i

i

~
| N A N U Ny N N O O S N N NN (O By Jy o

Speed

30 ns
22 ns
15 ns

Plastic J-Lead Chip Carrier

(J3)

LF43168JC30
LF43168JC22
LF43168JC15
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Dual 8-Tap FIR Filter

100-pin

CINs
NC
CIN7
NC
CINe
CINs
CINa
GND
GND
CIN3
CIN2
CIN1
CINo
INA9
INAs
INA7
INAs
INAs
vee
vee
INA4
INA3
INA2
INA1
INA0
NC
NC
INB9
INBs
INB7

I

SRR oo
288888882 90329322535
nnoanonnonnnonannnnn

©$33583335855338585338%

> %

3 78

4 77

5 76

6 75

7 74

8 73

9 72

Top o
View o

TANNDOTDONDRO - NDITHDONDDO
OOOOONONOFTITTIITTTTT O
T,
mmzzmmmmmph;oo;;;p;;
Z225052Z2222l035>>555555

o 0005000

IR

Speed

30 ns
22 ns
15 ns

Plastic Quad Flatpack
(@2)

LF43168QC30
LF43168QC22
LF43168QC15
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Dual 8-Tap FIR Filter

84-pin

2 3 4 5 6 7 8 9 10 M
OO 00000000
CSELs CSEL3 CSEL1 As A7 A4+ A1 GND WR RVRS
L) S, Pt P S, 7 T S, S, 7,
OGO EGEOGECGEGECGES
CIN7 CINe CSEL2 Vcc A2 A3 Ao MUXt MUXoSHFTEN
P S, S, P -~ L)
L [ U \ o)
CINe CSELo As As FWRD TXFR
-~ ~ o~
\vl ‘..) |Vl
GND ACCEN Vce
Py -~ P P S,
(O ENS) ) (GGG
CINt  CIN2 Top View CLK GND OEH
C ] C ) Through Package C ) C ) C )
INA9  INA8 (i.e., Component Side Pinout) OUT2s OUT22 OUT27
7 7, -~ -~ -~
L [ U
INAs  INA7 OUT25 OUT23 OUT24
O NN,
\vl \vl \vl
INA3 OUT20 OUT21
- S, ™ ™, 7™ P
\vl \vl \_J \v) \Vl \v)
INAo INB3 OEL OUTe OUT17 OUT19
P -~ - P -~ P P S, P Lan)
GG GGG GGG RGNS
INBs INB7 GND INB2 INBo Vcc OUTi3 OUTie Vcc OUT1s
T S, S, 7, S, ) >, S, . s~
‘vl ‘w’ ‘u’ ‘vl ‘v' ‘wl ‘v‘ ‘V, \vl ‘w‘
INBs INBs INB4 INBi OUT11 OUT10 OUT12 OUT14 OUT15 GND

Speed

22 ns
15 ns

39 ns
30 ns
22 ns

39 ns
30 ns
22 ns

30 ns

Ceramic Pin Grid Array
(G3)

LF431 68GC36
LF43168GC22
LF43168GC15

LF43168GM39
LF43168GM30
LF43168GM22

LF43168GMB39
LF43168GMB30
LF43168GMB22
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0 30 MHz Maximum Sampling Rate

Q 240 MHz Multiply-Accumulate Rate

Q 8 Filter Cells

Q 8-bit Unsigned or Two’s Complement
Data

Q 8-bit Unsigned or Two's Complement
Coefficients

Q 26-bit Data Outputs

Q Shift-and-Add Output Stage for
Combining Filter Outputs -

Q Expandable Data Size, Coefficient
Size, and Filter Length

Q User-Selectable 2:1, 3:1, or 4:1
Decimation

Q Available 100% Screened to
MIL-STD-883, Class B

Q Replaces Harris HSP43881 and
HSP43881/883

Q Package Styles Available:
¢ 84-pin Plastic LCC, J-Lead
¢ 100-pin Plastic Quad Flatpack
® 84-pin Ceramic PGA

8

LF43881

x 8-bit Digital Filter

The LF43881 is a video-speed digital
filter that contains eight filter cells
(taps) cascaded internally and a shift-
and-add output stage. An8x8
multiplier, three decimation registers,
and a 26-bit accumulator are con-
tained in each filter cell. The output
stage of the LF43881 contains a 26-bit
accumulator which can add the
contents of any filter stage to the
output stage accumulator shifted right
by 8 bits. 8-bit unsigned or two’s
complement format for data and
coefficients can be independently
selected.

Expanded coefficients and word sizes
can be processed by cascading mul-
tiple LF43881s to implement larger
filter lengths without affecting the
sample rate. By reducing the sample

rate, a single LF43881 can process
larger filter lengths by using multiple
passes. The sampling rate can range
from 0 to 30 MHz. Over 1000 taps
may be processed without overflows
due to the architecture of the device.

The output sample rate can be re-
duced to one-half, one-third, or one-
fourth the input sample rate by using
the three decimation registers con-
tained in every filter cell. Matrix
multiplication, N x N spatial correla-
tions/convolutions, and other 2-D
operations for image processing can
also be achieved using these registers.

DIENB, CIENB,
DIN70  ERASE, DCM1-0

a/!/ 5

TCS

vy I Y OYeY 4bY 4y
TCCl — FLTER [—{ FILTER [ FILTER || FILTER [ FILTER [ FILTER [—>| FILTER [~ FILTER [—> 1€CO
CiN7.o —2»| CELLO | &yl cELL1 [ &y cEtLa] & el 3| 2yl cetLal ¥y cElLs| %y  cELLe [ %yl CELL7 | ¥4 couTro
ADRz0 —Z- I I I T I I T T COENB
26 26 26 26 26 26 26 26
v Y
MUX /
26
A,
SHADD
SENBL o OUTPUT
SENBH STAGE
RESET
26
L » TOALLCELLS
CLK — > TO ALL REGISTERS SUMzs-0
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DEVICES INCORPORATED 8 x 8-bit Dlgital Filter

CIENB.D DCMo.D DCM1.D
LD c.7CCl LD LD LD
TCcl > TRI-STATE BUFFERS
CIN CREG [ D1 REG D2 REG D3 REG l?'i FILTER CELL 7 O f':Y_I
C7-0 1 1 | 1
CIN70 el e | Tcco H
x x I |
g g | |
D.TCCI . COUT7-0 :
0 D7-0 0 | |
L | COENB |
e .l
B C8-0
DIENB.D —¢
TCs Lo RSSO | .
1 1
DIN7 X REG ! / :
DIN70 X80 ; >< :
i \ |
I |
| |
| |
| |
| |
| |
| |
| M REGO !
| I
| I
1 1 1
! 1
i I
oMy — | L . DcMiD | !
|
DOMo — | > DCMoD i M REG1 i
—_— ] i
RESET ——————4 |———» RESET.D ! |
— e I
DIENB ———— I »DIENB.D
CIENB ——d LATCHES |——————» CIENB.D SIGN EXTENSION 170
ADRo — ] L » ADRo.D
ADR{ ———————— ————» ADR1.D
ADR2 s ———» ADR2.D
ERASE ——¢—— > ERASED ACC25.0
RESET.D
ERASE.D

ACCUMULATOR

CELLn | ACC D250
——» CELLO
| CELL1 _1
ADRQ —m— | ——————» CELL2

}—————————»CELL3
ADR DECODER I———»CELL4 CELLn D Q LD TREG
ADR2 ———————— I »CELLS

—— > CELL®6
——————>CELL7

AOUT25-0
CLK ——————» TO ALL REGISTERS

RESET.D ————» TO ALL REGISTERS (EXCEPT ACCUMULATOR AND T-REGISTER)
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FILTER CELL DESCRIPTION

8-bit coefficients are loaded into the
C register (CIN7-0) and are output as
COUT7-0 (the COENB signal enables
the COUT7-0 outputs). The path
taken by the coefficients varies
according to the decimation mode
chosen. With no decimation, the
coefficients move directly from the
C register, bypassing all decimation
registers, and are available at the
output on the following clock cycle.
When decimation is chosen, the
coefficient output is delayed by 1, 2,
or 3 clock cycles depending on how
many decimation registers the
coefficients pass through (D1, D2, or
D3). The number of decimation
registers the coefficients pass
through is determined by DCM1-0.
Refer to Table 1 for choosing a
decimation mode.

CIENB enables the C and D registers
for coefficient loading. The registers
are loaded on the rising edge of CLK
when CIENB is LOW. CIENB is
latched and delayed internally which
enables the registers for loading one
clock cycle after CIENB goes active
(loading takes place on the second
rising edge of CLK after CIENB goes
LOW). Therefore, CIENB must be
LOW one clock cycle before the
coefficients are placed on the CIN7-0
inputs. The coefficients are held when
CIENB is HIGH.

DIENB enables the X register for the
loading of data. The X register is
loaded on the rising edge of CLK
when DIENB is LOW. DIENB is
latched and delayed internally (load-
ing takes place on the second rising
edge of CLK after DIENB goes LOW).
Therefore, DIENB must be LOW one
clock cycle before the data is placed on
the DIN7-0 inputs. The X register is
loaded with all zeros when DIENB is
HIGH.

The output of the C register (C8-0) and
X register (X8-0) provide the inputs of
the 8 x 8 multiplier. The multiplier is
followed by two pipeline registers,

8 x 8-bit Digital Filter

Ficure 2. Ourtput STAGE DiAGRAM

SHADD ADR2-0.D
l 26|
D
o \\

CELL RESULT
MUX

EXTENSION

26|
SIGN

OUTPUT
BUFFER
35-8
26
" output ©
MUX
26
L—Ib Q
A
SENBL _ 2 TRI-STATE
SENBH ~ 7 | BUFFER
CLK —— TO ALL REGISTERS 26
RESET.D —— > TO ALL REGISTERS \

M REGO and M REGI1. The output of
the multiplier is sign extended and is
used as one of the inputs to the 26-bit
adder. The output of the 26-bit
accumulator provides the second
input to the adder. Both the accumu-
lator and T register are loaded simul-
taneously with the output of the
adder.

The accumulator is loaded with the
output of the adder on every clock
cycle unless cleared. Clearing the
accumulator can be achieved using
two methods. The first method, when
both RESET and ERASE are LOW,
causes all accumulators and all

registers in the device to be cleared
together. RESET and ERASE are
latched and delayed internally caus-
ing the clearing to occur on the second
clock cycle after RESET and ERASE go
active.

The second method, when only
ERASE is LOW, clears a single accu-
mulator of a selected cell. The cell is
selected using the ADR2-0 inputs
(decoded to Cell n). ERASE is latched
and delayed internally causing the
clearing to occur on the second clock
cycle after ERASE goes active. Refer
to Table 2 for clearing registers and
accumulators.
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w

DCM1 | DCMO Decimation Function
0 0 Decimation registers not used
0 1 One decimation register used (decimation by one-half)
1 0 Two decimation registers used (decimation by one-third)
1 1 Three decimation registers used (decimation by one-fourth)

I‘ TaBLE 2. REGISTER AND ACCUMULATOR CLEARING |

ERASE | RESET | Clearing Effect
0 0 All accumulators and all registers are cleared
0 1 Only the accumulator addressed by ADR2-0 is cleared
1 0 All registers are cleared (accumulators are not cleared)
1 1 No clearing occurs, internal state remains the same

OUTPUT STAGE DESCRIPTION

The 26-bit adder contained in the
output stage can add the contents of
any filter cell accumulator (selected by
ADR?2-0) with the 18 most significant
bits of the output buffer. The result is
stored back into the output buffer.
The complete operation takes only one
clock cycle. The eight least significant
bits of the output buffer are lost.

The Zero multiplexer is controlled by
the SHADD input signal. This allows
selection of either the 18 most signifi-
cant bits of the output buffer or all
zeros for the adder input. When
SHADD is LOW, all zeros will be
selected. When SHADD is HIGH, the
18 most significant bits of the output
buffer are selected enabling the shift-
and-add operation. SHADD is
latched and delayed internally by one
clock cycle.

The output multiplexer is also con-
trolled by the SHADD input signal.
This allows selection of either a filter
cell accumulator, selected by ADR2-0,
or the output buffer to be output to
the SUM25-0 bus. Only the 26 least
significant bits from either a filter cell
accumulator or the output buffer are
output on SUM25-0. If SHADD is
LOW during two consecutive clock
cycles (low during the current and
previous clock cycle), the output

multiplexer selects the contents of a
filter cell accumulator addressed by
ADR2-0. Otherwise, the output
multiplexer selects the contents of the
output buffer.

If the same address remains on the
ADR2-0 inputs for more than one clock
cycle, SUM25-0 will not change to
reflect any updates to the addressed
cell accumulator. Only the result from
the first selection of the cell (first clock
cycle) will be output. This allows the
interface of slow memory devices
where the output needs to be active
for more than one clock cycle. Normal
FIR operation is not affected because
ADR?2-0 is changed sequentially.

NUMBER SYSTEMS

Data and coefficients can be repre-
sented as either unsigned or two's
complement numbers. The TCS and
TCCI inputs determine which of the
two formats is to be used. All values
are represented as 9-bit two's comple-
ment numbers internally. The value
of the ninth bit is determined by the
number system selected. The ninth bit
is a sign extended bit when the two's
complement mode is chosen. When
the unsigned mode is chosen, the
ninth bit is zero.

8 x 8-bit Digital Filter

SIGNAL DEFINITIONS

Power

Vcc and GND

+5 V power supply. All pins must be
connected.

Clock

CLK — Master Clock

The rising edge of CLK strobes all
registers. All timing specifications are
referenced to the rising edge of CLK.

Inputs
DIN7-0 — Data Input

8-bit data is latched into the X register
of each filter cell simultaneously. The
TCS signal selects the appropriate
data format type. The DIENB signal
enables loading of the data.

CIN7-0 — Coefficient Input

8-bit coefficients are latched into the C
register of Filter Cell 0. The TCCI
signal selects the appropriate coeffi-
cient format type. The CIENB signal
enables loading of the coefficients.

Outputs
SUM25-0 — Data Output

The 26-bit result from an individual
filter cell will appear when ADR2-0 is
used to select the filter cell result.
SHADD in conjunction with ADR2-0 is
used to select the output from the
shift-and-add output stage.

COUT7-0 — Coefficient Output

The 8-bit coefficient output from
Filter Cell 7 can be connected to the
CIN7-0 coefficient input of the same
LF43881 to recirculate the coefficients.
COUT?7-0 can also be connected to the
CIN7-0 of another LF43881 to cascade
the devices. The COENB signal
enables the output of the coefficients.

Video Imaging Products
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Controls
TCS — Data Format Control

The TCS input determines the inter-
pretation of the input data. When
TCS is HIGH, two’s complement
arithmetic is used. When TCS is
LOW, unsigned arithmetic is used.

TCCI — Coefficient Input Format Control

The TCCI input determines the
interpretation of the coefficients.
When TCCl is HIGH, two’s comple-
ment arithmetic is used. When TCCI
is LOW, unsigned arithmetic is used.

TCCO — Coefficient Output Format

The TCCO output shows the format of
the COUT7-0 coefficient output.

TCCO follows the TCCI input. When
cascading multiple LF43881s, the
TCCO output of one device should be
connected to the TCCI input of
another device. The COENB signal
enables TCCO.

DIENB — Data Input Enable

The DIENB input enables the X
register of every filter cell. While
DIENB is LOW, the X registers are
loaded with the data present at the
DIN7-0 inputs on the rising edge of
CLK. While DIENB is HIGH, all bits
of DIN7-0 are forced to zero and a
rising edge of CLK will load the X
register of every filter cell with all
zeros. DIENB must be low one clock
cycle prior to presenting the input
data on the DIN7-0 input since it is
latched and delayed internally.

CIENB — Coefficient Input Enable

The CIENB input enables the C and D
registers of every filter cell. While
CIENB is LOW, the C and appropriate
D registers are loaded with the
coefficient data on the rising edge of
CLK. While CIENB is HIGH, the
contents of the C and D registers are
held and the CLK signal is ignored.
By using CIENB in its active state,
coefficient data can be shifted from
cell to cell. CIENB must be low one
clock cycle prior to presenting the
coefficient data on the CIN7-0 input
since it is latched and delayed inter-
nally.

COENB — Coefficient Output Enable

The COENB input enables the
COUT7-0 and TCCO outputs. When
COENB is LOW, the outputs are
enabled. When COENB is HIGH, the
outputs are placed in a high-imped-
ance state.

DCM1-0 — Decimation Control

The DCM1-0 inputs select the num-
ber of decimation registers to use
(Table 1). Coefficients are passed
from one cell to another at a rate
determined by DCM1-0. When no
decimation registers are selected,
the coefficients are passed from cell
to cell on every rising edge of CLK
(no decimation). When one decima-
tion register is selected, the coeffi-
cients are passed from cell to cell on
every other rising edge of CLK (2:1
decimation). When two decimation
registers are selected, the coeffi-
cients are passed from cell to cell on
every third rising edge of CLK (3:1
decimation) and so on. DCM1-0 is
latched and delayed internally.

8 x 8-bit Digital Filter

ADR2-0 — Cell Accumulator Select

The ADR2-0 inputs select which cell’s
accumulator will available at the
SUM25-0 output or added to the
output stage accumulator. In both
cases, ADR2-0 is latched and delayed
by one clock cycle. If the same
address remains on the ADR2-0 inputs
for more than one clock cycle,
SUM25-0 will not change if the con-
tents of the accumulator changes.
Only the result from the first selection
of the cell (first clock cycle) by ADR2-0
will be available. ADR2-0is also used
to select which accumulator to clear
when ERASE is LOW.

SENBH — MSB Output Enable

When SENBH is LOW, SUM?25-16 is
enabled. When SENBH is HIGH,
SUM25-16 is placed in a high-imped-
ance state.

SENBL — LSB Output Enable

When SENBL is LOW, SUM15-0 is
enabled. When SENBL is HIGH,
SUMI15-0 is placed in a high-imped-
ance state.

RESET — Register Reset Control

When RESET is LOW, all registers are
cleared simultaneously except the cell
accumulators. RESET can be used
with ERASE to clear all cell accumula-
tors. RESET is latched and delayed
internally. Refer to Table 2.

ERASE — Accumulator Erase Control

When ERASE is LOW, the cell accu-
mulator specified by ADR2-0is
cleared. When RESET is LOW in
conjunction with ERASE, all cell
accumulators are cleared. Refer to
Table 2.

Video Imaging Products
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STOrage tEMPETALUIE .......coueiiiieeeieecee ettt st s ae s naesranes —65°C to +150°C
Operating ambient tEMPErature ............coeeiieiirier e —55°C to +125°C
Vcc supply voltage with respect to ground .............oceeeerircinerer e -05Vto+7.0V
Input signal with respect 10 ground ...........ccceeveriiniiiee e -05VtoVcc+05V
Signal applied to high impedance output .............cccccveieiinininiiec e -05VtoVcc+05V
Output current into low outputs

LatChUuD CUITENE ...t eeme e en e s sae s s e seaesne e

8 x 8-bit Digital Filter

Supply Voltage
475V <Vcc<525V
450V <Vcc<550V

Mode Temperature Range (Ambient)
Active Operation, Commercial 0°C to +70°C
—55°C to +125°C

Active Operation, Military

Symbol Parameter Test Condition Min | Typ | Max |Unit
VOH Output High Voltage Vce = Min., IoH = —400 pA 2.6 Vv
VoL Output Low Voltage vce = Min., loL =2.0 mA 04 | V
ViH Input High Voltage 2.0 vce | V
ViL Input Low Voltage (Note 3) 0.0 0.8 \Y
Iix Input Current Ground < VIN < VcC (Note 12) +10 | pA
loz Output Leakage Current (Note 12) +10 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 160 | mA
Icc2 Vcc Current, Quiescent (Note 7) 750 | YA
CIN Input Capacitance Ta=25°C,f=1MHz 10 | pF
Cout | Output Capacitance Ta=25°C,f=1MHz 10 | pF
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8 x 8-bit Digital Filter

_SWITCHING CHARACTERISTICS

CommerciaL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns :
— B LFa3ssl—
50 40 33 25

Symbol Parameter Min | Max | Min | Max | Min Max | Min | Max
tcyc | Cycle Time 50 39 33 25
tPw Clock Pulse Width 20 16 13 10
ts Input Setup Time 16 14 13 10
tH Input Hold Time 0 0 0 0
tobc | Coefficient Output Delay 24 20 18 16
tops | Sum Output Delay 27 25 21 18
tENA | Three-State Output Enable Delay (Note 11) 20 15 15 12
tois | Three-State Output Disable Delay (Note 11) 20 15 15 12

T LF43881—

50 40 33
Symbol Parameter Min | Max | Min Max | Min | Max
tcyc | Cycle Time 50 39 33
tPw Clock Pulse Width 20 16 13
ts Input Setup Time 20 17 13
tH Input Hold Time 0 0 0
tooc | Coefficient Output Delay 24 20 18
tops | Sum Output Delay 31 25 21
tENA | Three-State Output Enable Delay (Note 11) 20 15 15
tois | Three-State Output Disable Delay (Note 11) 20 15 15

CONTROLS"

outputst

OUTPUT ENABLESH

CLK ) ————

15—

—

tH

DIN7-0

CIN7-0

HIGH IMPEDANCE

—

\,
»
e }ggg j tois ———I

[

—

“includes DIENB, CIENB, ERASE, RESET, TCS, TCCI, SHADD, DCMi-0, and ADRz-0.
tincludes TCCO, SUMzs-0, and COUT7-0.
tincludes SENBL, SENBH, and COENB.

tENA —J
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8 x 8-bit Digital Filter

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

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional precautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdeviceprovideshard clampingof
transient undershoot and overshoot.
Input levels below ground or above VcC
will be clamped beginning at—0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of 0.5 V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tioncanbeaccurately approximated by:

NCV2F
where 4

N = total number of device outputs
C = capacitive load per output

V =supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and noload, at a 20 MHz clock
rate.

7. Tested with allinputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0 to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOHand IOL atan
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V may beused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VcC
and the tester common, and device
ground and tester common.

b. Ground and VcC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

10Q 300Q

O OUTPUT
n+
'_
< n A D1
— .

‘_
OE
02v —

TRISTATE 3i HIGH IMPEDANCE =
OUTPUTS _’J_F A

02V 02v
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8 x 8-bit Digital Filter

ORDERING INFORMATION
84-pin
Déééé E&D§£x§§go§§§§
Z2505W800Z2Z003rx0020000 38
CHODln><<GAI0HO0O0TO0000 >
o e o O O O Y O e o O v e e O e O O e O o o M |
/11109 8 7 6 5 4 3 2 184838281807978777675 )

SUM2s []12 ° 74[1 COUTs
SUMz22 [}13 73] COUT?
Vee [14 72[1 GND
SUM21 15 71[] TCCO
SUM2o []16 70{] COENB

SUM1s []17 69[] Vee
SUM1s []18 68|] ERASE
GND []19 67|] RESET
SUM17 [}20 66[1 DIENB
SUMis []21 Top 65]] TCS
Vce []22 . 64[] DIN7
SUMss []23 View 63[1 DINe
SUM14 [24 62[] DINs
SUM1s []25 61[] DIN4
SUM12 []26 60[] DIN3
GND [}27 59{] DIN2
SUM1 []28 58[] DIN1
SUMr1o []29 57[1 DINo
SUMs9 []30 s6[] CIENB
SUMs []31 5511 TCCI
SUM7 q:az 54[] Vce
\_33 34 35 36 37 38 39 40 41 42 M%mumwmm&wj

43
LALIT oL Aldle s o YL QS
= == =2=2=2 Z2z0z22z22z22 zZz
a%gagaagg%§66>aaaaéaa
Plastic J-Lead Chip Carrier
Speed (J3)
[ | 0°C to +70°C — CommerciaL Screening
50 ns LF43881JC50
40 ns LF43881JC40
33 ns LF43881JC33
25ns LF43881JC25
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8 x 8-bit Digital Filter

100-pin

DCM1
SUM24
GND
GND
SUMz23
SUM22
vee
Vee
SuM21
SUM20
SUM19
SUM1s
GND
GND
SUM17
SUM1e
vee
Vee
SUM15
SUM14
SUM13
SUM12
GND
SUM11
SUM10
SUMg
SUMs
Sum?

SUMs

QOnnIonnnaonnonannoonoannoan

wl|L [=) o ~ N o™
ShssBioefifsisss3eess
nnoooananononnononmnn
* 838588385583 858833%5
;
3
4
5
6
7
8
9 72
10 71
11 70
12
13
is Top p
I View -
18
19 62
20 61
21
22 59
23 58
24 57
25 56
26 55
27 54
28
29 52
30 51
FHBIBEHEB9TVIILENTRE
uuououoouuuuuuoooao
[}

JUIUUuuuuououuiuuuuuuuuoruuin

Speed

50 ns
40 ns
33 ns
25 ns

Plastic Quad Flatpack
(Q2)

LF43881QC50
LF43881QC40
LF43881QC33
LF43881QC25
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8 x 8-bit Digital Filter

84-pin

v'\ r~ .
|) \_’) [

~ ~ ~ -~ r~ ~,

L L VU AL A B L

GND COENB Vcc RESET DIN7 DINs DIN3 DINo TCCI

S S r
L ] [\, } [, )]
Vcc COUT7 TCCO
r~ 7,
L
COUT5 COUTs
O O
COUTs COUT4
r~, S -~

COUT1 GND COUT2
OO O
GND COUTO SHADD

-~ .
\ L \_)
ADRz DCMo CLK
7 >
ADR1 ADRo

-~ -~

o O

Vee SUM2s

~ ~ ~

\ ) \vl U ]
SENBH SUM24 GND
\ l LI \l \ )

-~ -~ -~ -~

[ L \J ‘.,' ‘.,’

ERASE TCS DIN1 DIN2 CIENB CIN7
- -~ -~
[ L W
DEENB DINs DIN4

S

Top View CIN1

7™

Through Package \vl

(i.e., Component Side Pinout) SlJl\\/n

)

SUMI
OO O
SUM20 SUM17 SUMis

P S S L S

\

." \V) \l \l \l \l
Vce  SUMig GND SUM15 SUM12 SUM1o

’~ ~

\

vl \) \l \l \l \l
DCM1 SUM23 SUWz SUM2t SUM18 SUM14 VCC SUM13 GND SUM11 SUMo

10 11
OO
Vcc GND
-~ -~
(O ERG)
CINe CIN4
~ S
(AL
CINs CINs
e’ r~
CIN2 Vcc
S -~
OIS
CINO SENBL
S, r~
vcc GND
S S,
SUM3  SUM2
S, S,
SUMs  SUM4
. -~
L
SUM7 GND
e’ S
SUMe SUMe
\ ) \:: ]

Speed

50 ns

40 ns
33 ns
25ns

50 ns
40 ns
33 ns

50 ns
40 ns
33 ns

Ceramic Pin Grid Array
(G3)

LF43881GC50
LF43881GC40
LF43881GC33
LF43881GC25

LF43881GM50
LF43881GM40
LF43881GM33

LF43881GMB50
LF43881GMB40
LF43881GMB33
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DEVICES INCORPORATED

Q 30 MHz Maximum Sampling Rate

Q 240 MHz Multiply-Accumulate Rate

Q 8 Filter Cells

Q 8-bit Unsigned or 9-bit Two’s
Complement Data

Q 8-bit Unsigned or 9-bit Two’s
Complement Coefficients

Q 26-bit Data Outputs

Q Shift-and-Add Output Stage for
Combining Filter Outputs

Q Expandable Data Size, Coefficient
Size, and Filter Length

0 User-Selectable 2:1, 3:1, or 4:1
Decimation

0 Available 100% Screened to
MIL-STD-883, Class B

O Replaces Harris HSP43891 and
HSP43891/883

0 Package Styles Available:
® 84-pin Plastic LCC, J-Lead
¢ 100-pin Plastic Quad Flatpack
¢ 84-pin Ceramic PGA

The LF43891 is a video-speed digital
filter that contains eight filter cells
(taps) cascaded internally and a shift-
and-add output stage. A 9 x 9 multi-
plier, three decimation registers, and a
26-bit accumulator are contained in
each filter cell. The output stage of the
LF43891 contains a 26-bit accumulator
which can add the contents of any
filter stage to the output stage accu-
mulator shifted right by 8 bits. 8-bit
unsigned or 9-bit two’s complement
format for data and coefficients can be
independently selected.

Expanded coefficients and word sizes
can be processed by cascading mul-
tiple LF43891s to implement larger
filter lengths without affecting the
sample rate. By reducing the sample

LF43891
9 x 9-bit Digital Filter

rate, a single LF43891 can process
larger filter lengths by using multiple
passes. The sampling rate can range
from 0 to 30 MHz. Over 1000 taps
may be processed without overflows
due to the architecture of the device.

The output sample rate can be re-
duced to one-half, one-third, or one-
fourth the input sample rate by using
the three decimation registers con-
tained in every filter cell. Matrix
multiplication, N x N spatial correla-
tions/convolutions, and other 2-D
operations for image processing can
also be achieved using these registers.

BIENS, CIENB,
DINg-0 ERASE, DCM1-0
9 5
Y VY Y VY Y Y V Y Y A
o |FTer| o |FTER| o [FTER| o |FTER| o |FiLTER| o [FTER| o |FiLTER| o | FILTER] ¢
| y
CIN&0 = cel o [7 | cELL 1 [7 ™ cELL2 [7 > ceLLs [ ™| ceLLa [7>] ceLLs [ 7] ceLe [7° ceLL7 [ 7> COUTe®
ADR2:0 I I I I I I I T T COENE
26 26 26 26 26 26 26 26
Y y A y A
\ MUX /
26
Y
SHADD !
SENBL OUTPUT
SENBH STAGE
RESET
26
L » TOALLCELLS
CLK ———» TOALL REGISTERS SUMes-0
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CIENB.D DCMo.D DCM1.D

o Lo Lo Lo TRI-STATE BUFFER
Cao ON FILTER CELL 7 ONLY
CINs-0 C REG D1 REG 1 ! D2 REG p===epp| D3 REG e
I
5( i COUTs0 |
E |
I
0 Deo COENB |
_____________ J
Cso

DIENB.D 4—l
e

1
LD ! |
! 1
I f i
DINg-0 X REG X0 : >< !
| \ |
[ 1
! |
! 1
! 1
! 1
! |
| |
| M REGO !
! 1
1 1
! 1
! 1
1 1 1
DoMi — | L > DpcmiD | |
I
DCMo ————— ————» DCMo.D \ MREG1 '
_ 1 i
RESET ——q |—————» RESET.D : 1
_______________ 1
DIENB —— (g ————» DIENB.D
CIENB —————— g LATCHES ———  —» CIENB.D SIGN EXTENZSSI?‘I; 170
ADRo —— —————» ADRo.D
ADRY oo |———————» ADR1.D
ADR? —— | ———— > ADR2.D
ERASE ———¢——q I ERASE.D ACC25-0
RESET.D
ERASE.D
ACCUMULATOR
CELLn I ACC.D25-0
H———————» CELLO

- CELL1 _l
ADRo —————————] - »CELL2
b »CELL3
|——— > CELL4 CELLn D Q LD TREG
ADR2 ———— | »CELLS

—— > CELL6
|—————>» CELL7

ADRt —— DECODER

AOUT2s-0
CLK ———» TO ALL REGISTERS
RESET.D ——————————» TO ALL REGISTERS (EXCEPT ACCUMULATOR AND T-REGISTER)
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FILTER CELL DESCRIPTION

9-bit coefficients are loaded into the
C register (CIN8-0) and are output as
COUTS3-0 (the COENB signal enables
the COUTS-0 outputs). The path
taken by the coefficients varies
according to the decimation mode
chosen. With no decimation, the
coefficients move directly from the
C register, bypassing all decimation
registers, and are available at the
output on the following clock cycle.
When decimation is chosen, the
coefficient output is delayed by 1, 2,
or 3 clock cycles depending on how
many decimation registers the
coefficients pass through (D1, D2, or
D3). The number of decimation
registers the coefficients pass
through is determined by DCM1-0.
Refer to Table 1 for choosing a
decimation mode.

CIENB enables the C and D registers
for coefficient loading. The registers
are loaded on the rising edge of CLK
when CIENB is LOW. CIENB is
latched and delayed internally which
enables the registers for loading one
clock cycle after CIENB goes active
(loading takes place on the second
rising edge of CLK after CIENB goes
LOW). Therefore, CIENB must be
LOW one clock cycle before the
coefficients are placed on the CINS-0
inputs. The coefficients are held when
CIENB is HIGH.

DIENB enables the X register for the
loading of data. The X register is
loaded on the rising edge of CLK
when DIENB is LOW. DIENB is
latched and delayed internally (load-
ing takes place on the second rising
edge of CLK after DIENB goes LOW).
Therefore, DIENB must be LOW one
clock cycle before the data is placed on
the DIN8-0 inputs. The X register is
loaded with all zeros when DIENB is
HIGH.

The output of the C register (C8-0) and
Xregister (X8-0) provide the inputs of
the 9 x 9 multiplier. The multiplier is
followed by two pipeline registers,

9 x 9-bit Digital Filter

SHADD ADRz-0.D
l 26}, 26} 26} 26} 26} 26} 26} 26
D
Q X CELL RESULT
\ MUX
26|
SIGN

EXTENSION

OUTPUT
BUFFER

26 (
A
' output ©
MUX
26!
L Ip Q
A
SENBL _ 2 TRI-STATE
SENBH 7 | BUFFER
CLK —————» TO ALL REGISTERS 2
RESET.D ———» TO ALL REGISTERS Y

M REGO and M REGI1. The output of
the multiplier is sign extended and is
used as one of the inputs to the 26-bit
adder. The output of the 26-bit
accumulator provides the second
input to the adder. Both the accumu-
lator and T register are loaded simul-
taneously with the output of the
adder.

The accumulator is loaded with the
output of the adder on every clock
cycle unless cleared. Clearing the
accumulator can be achieved using
two methods. The first method, when
both RESET and ERASE are LOW,
causes all accumulators and all

registers in the device to be cleared
together. RESET and ERASE are
latched and delayed internally caus-
ing the clearing to occur on the second
clock cycle after RESET and ERASE go
active.

The second method, when only
ERASE is LOW, clears a single accu-
mulator of a selected cell. The cell is
selected using the ADR2-0 inputs
(decoded to Cell n). ERASE is latched
and delayed internally causing the
clearing to occur on the second clock
cycle after ERASE goes active. Refer
to Table 2 for clearing registers and
accumulators.
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DCM1 | DCMO Decimation Function
0 0 Decimation registers not used
0 1 One decimation register used (decimation by one-half)
1 0 Two decimation registers used (decimation by one-third)
1 1 Three decimation registers used (decimation by one-fourth)

ERASE | RESET | Clearing Effect
0 0 All accumulators and all registers are cleared
0 1 Only the accumulator addressed by ADR2-0 is cleared
1 0 Al registers are cleared (accumulators are not cleared)
1 1 No clearing occurs, internal state remains the same

OUTPUT STAGE DESCRIPTION

The 26-bit adder contained in the
output stage can add the contents of
any filter cell accumulator (selected by
ADR?2-0) with the 18 most significant
bits of the output buffer. The result is
stored back into the output buffer.
The complete operation takes only one
clock cycle. The eight least significant
bits of the output buffer are lost.

The Zero multiplexer is controlled by
the SHADD input signal. This allows
selection of either the 18 most signifi-
cant bits of the output buffer or all
zeros for the adder input. When
SHADD is LOW, all zeros will be
selected. When SHADD is HIGH, the
18 most significant bits of the output
buffer are selected enabling the shift-
and-add operation. SHADD is
latched and delayed internally by one
clock cycle.

The output multiplexer is also con-
trolled by the SHADD input signal.
This allows selection of either a filter
cell accumulator, selected by ADR2-0,
or the output buffer to be output to
the SUM25-0 bus. Only the 26 least
significant bits from either a filter cell
accumulator or the output buffer are
output on SUM25-0. If SHADD is
LOW during two consecutive clock

cycles (low during the current and
previous clock cycle), the output
multiplexer selects the contents of a
filter cell accumulator addressed by
ADR2-0. Otherwise, the output
multiplexer selects the contents of the
output buffer.

If the same address remains on the
ADR2-0 inputs for more than one clock
cycle, SUM25-0 will not change to
reflect any updates to the addressed
cell accumulator. Only the result from
the first selection of the cell (first clock
cycle) will be output. This allows the
interface of slow memory devices
where the output needs to be active
for more than one clock cycle. Normal
FIR operation is not affected because
ADR2-0is changed sequentially.

NUMBER SYSTEMS

Data and coefficients can be repre-
sented as either 8-bit unsigned or 9-bit
two's complement numbers. All
values are represented as 9-bit two's
complement numbers internally. If
the most significant or sign bit is a
zero, the multiplier can multiply 8-bit
unsigned numbers.

9 x 9-bit Digital Filter

SIGNAL DEFINITIONS

Power

vcc and GND

+5 V power supply. All pins must be
connected.

Clock

CLK — Master Clock

The rising edge of CLK strobes all
registers. All timing specifications are
referenced to the rising edge of CLK.

Inputs

DIN8-0 — Data Input

9-bit data is latched into the X register
of each filter cell simultaneously. The
DIENB signal enables loading of the
data.

CINs-0 — Coefficient Input

9-bit coefficients are latched into the C
register of Filter Cell 0. The CIENB
signal enables loading of the coeffi-
cients.

Outputs
SUM25-0 — Data Output

The 26-bit result from an individual
filter cell will appear when ADR2-0 is
used to select the filter cell result.
SHADD in conjunction with ADR2-0is
used to select the output from the
shift-and-add output stage.

COUT38-0 — Coefficient Output

The 9-bit coefficient output from
Filter Cell 7 can be connected to the
CINS-0 coefficient input of the same
LF43891 to recirculate the coefficients.
COUTS-0 can also be connected to the
CINS-0 of another LF43891 to cascade
the devices. The COENB signal
enables the output of the coefficients.
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DEVICES INCORPORATED

Controls
DIENB — Data Input Enable

The DIENB input enables the X
register of every filter cell. While
DIENB is LOW, the X registers are
loaded with the data present at the
DINS-0 inputs on the rising edge of
CLK. While DIENB is HIGH, all bits
of DIN8-0 are forced to zero and a
rising edge of CLK will load the X
register of every filter cell with all
zeros. DIENB must be low one clock
cycle prior to presenting the input
data on the DINB8-0 input since it is
latched and delayed internally.

CIENB — Coefficient Input Enable

The CIENB input enables the C and D
registers of every filter cell. While
CIENB is LOW, the C and appropriate
D registers are loaded with the
coefficient data on the rising edge of
CLK. While CIENB is HIGH, the
contents of the C and D registers are
held and the CLK signal is ignored.
By using CIENB in its active state,
coefficient data can be shifted from
cell to cell. CIENB must be low one
clock cycle prior to presenting the
coefficient data on the CIN8-0 input
since it is latched and delayed inter-
nally.

COENB — Coefficient Output Enable

The COENB input enables the
COUTSs-0 output. When COENB is
LOW, the outputs are enabled. When
COENB is HIGH, the outputs are
placed in a high-impedance state.

DCM1-0 — Decimation Control

The DCM1-0 inputs select the num-
ber of decimation registers to use
(Table 1). Coefficients are passed
from one cell to another at a rate
determined by DCM1-0. When no
decimation registers are selected,
the coefficients are passed from cell
to cell on every rising edge of CLK
(no decimation). When one decima-
tion register is selected, the coeffi-
cients are passed from cell to cell on
every other rising edge of CLK (2:1
decimation). When two decimation
registers are selected, the coeffi-
cients are passed from cell to cell on
every third rising edge of CLK (3:1
decimation) and so on. DCM1-0 is
latched and delayed internally.

ADR2-0 — Cell Accumulator Select

The ADR2-0 inputs select which cell’s
accumulator will available at the
SUM25-0 output or added to the
output stage accumulator. In both
cases, ADR2-0 is latched and delayed
by one clock cycle. If the same
address remains on the ADR2-0 inputs
for more than one clock cycle,
SUM25-0 will not change if the con-
tents of the accumulator changes.
Only the result from the first selection
of the cell (first clock cycle) by ADR2-0
will be available. ADR2-0 is also used
to select which accumulator to clear
when ERASE is LOW.

9 x 9-bit Digital Filter

SENBH — MSB Output Enable

When SENBH is LOW, SUM25-16 is
enabled. When SENBH is HIGH,
SUM25-16 is placed in a high-imped-
ance state.

SENBL — LSB Output Enable

When SENBL is LOW, SUM15-0 is
enabled. When SENBL is HIGH,
SUM15-0 is placed in a high-imped-
ance state.

RESET — Register Reset Control

When RESET is LOW, all registers are
cleared simultaneously except the cell
accumulators. RESET can be used
with ERASE to clear all cell accumula-
tors. RESET is latched and delayed
internally. Refer to Table 2.

ERASE — Accumulator Erase Control

When ERASE is LOW, the cell accu-
mulator specified by ADR2-0 is
cleared. When RESET is LOW in
conjunction with ERASE, all cell
accumulators are cleared. Refer to
Table 2.
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—65°C to +150°C
-55°C to +125°C

Storage temperature
Operating ambient temperature
Vcc supply voltage with respect to ground
Input signal with respect to ground ..o
Signal applied to high impedance output ....
Output current iNtO IOW OULPULS .......ooueiieeieeeeiee ettt e e ie et et e e ee e e e e s e e e eee e e e eamneeeeaneeennee
L= (o T oI T U =Y o | OO

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military -55°C to +125°C 450V <Vecc<550V
Symbol Parameter Test Condition Min | Typ | Max |Unit
VoH Output High Voltage Vce = Min., IoH = —400 pA 2.6 Vv
VoL Output Low Voltage Vce = Min,, loL=2.0 mA 04 | V
ViH Input High Voltage 2.0 vce | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
hx Input Current Ground < VIN < VcC (Note 12) +10 | pA
loz Output Leakage Current (Note 12) +10 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 160 | mA
Icca Vcc Current, Quiescent (Note 7) 750 | pA
CIN Input Capacitance Ta=25°C,f=1MHz 10 | pF
CouT | Output Capacitance Ta=25°C,f=1MHz 10 | pF

Video Imaging Products
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9 x 9-bit Digital Filter

SWITCHING CHARACTERISTICS

|

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

LF43891—

50 40 33 25
Symbol Parameter Min | Max | Min | Max | Min Max | Min | Max

tcyc | Cycle Time 50 39 33 25

trw | Clock Pulse Width 20 16 13 10

ts Input Setup Time 16 14 13 10

tH Input Hold Time 0 0 0 0

tooc | Coefficient Output Delay 24 20 18 16
tops | Sum Output Delay 27 25 21 18
tENA | Three-State Output Enable Delay (Note 11) 20 15 15 12
tois | Three-State Output Disable Delay (Note 11) 20 15 15 12

[_MturAm OpERATING RANGE (—55°C to +125°C) Notes 9, 10 (ns) .
LF43891-
50 40 33
Symbol Parameter Min | Max | Min Max | Min | Max

tcyc | Cycle Time 50 39 33

tPw Clock Pulse Width 20 16 13

ts Input Setup Time 20 17 13

tH Input Hold Time 0 0 0

tooc | Coefficient Output Delay 24 20 18
tobs | Sum Output Delay 31 25 21
tENA | Three-State Output Enable Delay (Note 11) 20 15 15
tois | Three-State Output Disable Delay (Note 11) 20 15 15

SwitcHING WAVEFORMS

tPw —————=y

1

OUTPUT ENABLES* ;[:

“includes DIENB, CIENB, ERASE, RESET, SHADD, DCMi-0, and ADRz.0.
tincludes SUMzs.0 and COUTs.0.
tincludes SENBL, SENBH, and COENB.

ls ——— ‘H MK—»}—
DINs-o
CINs-0
CONTROLS"
~ HIGH IMPEDANCE —_—
outpuTst j‘ 1 —
——— :ggg tois ——I tENA
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9 x 9-bit Digital Filter

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

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Neverthe-
less, conventional precautions should
be observed during storage, handling,
and use of these circuits in order to
avoid exposure to excessive electrical
stress values.

3. Thisdeviceprovideshard clampingof
transient undershoot and overshoot.
Input levels below ground or above VCC
will be clamped beginning at-0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of 0.5 V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

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

5. Supply current for a given applica-
tion canbeaccurately approximated by:

NCV2F
where 4

N = total number of device outputs
C = capacitive load per output

V =supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and noload, ata20 MHz clock
rate.

7. Tested with allinputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOH and IOL atan
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
Asaresult, care must be exercised in the
testing of this device. The following
measures are recommended:

a. A 0.1 pF ceramic capacitor should be
installed between VCC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VccC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

300Q

O OUTPUT
n+
|_ —
[S—} A D1
—

tois -« e tENA
OE
02v —

TRISTATE 3&*' HIGH IMPEDANCE %E
OUTPUTS __ - J——‘F

02V 02V

2-98

Video Imaging Products

08/12/94-1LDS.43891-E



LF43891

DEVICES INCORPORATED 9 X g'bit Digital Filter
l ORDERING INFORMATION
84-pin
Sz38F e sgo SEE_ EEEE
os8=2yEfofdx233232832
CroDln>I <6000 BO000 >
O rr
/711109 8 7 6 5 4 3 2 1 84838281807978777675 )
SUMzs [12 ° 74[] COUTs
SUM22 [}13 73[1 couT?
Vee [J14 72[] GND
SUM21 []15 71[] COUTs
SUM2o []16 70[] COENB
SUM1s []17 69[] Vce
SUM1s 18 68]] ERASE
GND []19 67|] RESET
SUM17 [f20 66|] DIENB
SUM1s [}21 Top 65[1 DINs
Vce [22 . 64[] DIN7
SUMis []23 View 63[] DINs
SUM14 []24 62[] DINs
SUMi13 []25 611 DIN
SUM12 []26 60[]1 DIN3
GND []27 59[1 DIN2
SUM11 [J28 58[] DIN1
SUM1o [}29 57[1 DINo
SUMe []30 56[] CIENB
SUMs []31 55[1 CINs
Sumr 32 54P Vee
\_33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
| S Ny N [ N N N N [ N N N N N N N N N O [ N Sy Sy
2023822339013 5582532922
2623 wmmwo%oo [SESRSRSRCRRS]
Plastic J-Lead Chip Carrier
Speed J3
| 0°C to +70°C — CoMMERCIAL SCREENING . -
50 ns LF43891JC50
40 ns LF43891JC40
33 ns LF43891JC33
25 ns LF43891JC25
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9 x 9-bit Digital Filter

w|T a o ~ oo
100-pin B, 250088 v2 00550055
zz zz
al3$22255823558856838
¢ S885883885833583338%
DCM1 ] 1 80 EI COUT4
SUM2s4 ] 2 79 [ couTs
GND ] 3 78 3 Vco
GND ] 4 77 [ Vee
SUM2s | 5 76 [ COUTs
SUM22 ] 6 75 | couT?
vee 7 74 T3 GND
vee . 8 73 1 GND
SUM21 ] 9 72 3 COUTs
SUMz20 ] 10 71 [ COENB
SUM1s ] 11 70 [—3 Vvce
SUM18 ] 12 69 [ Vcc
GND ] 13 68 [ ERASE
GND ] 14 67 [ RESET
SUM17 ] 15 TOp 66 [——1 DIENB
SUMis T 16 H 65 1 DIN8
vee 17 VleW 64 1 DIN7
vee ] 18 63 [ DINes
SUM1s ] 19 62 [ DINs
SUM14 ] 20 61 [ DIN4
SUM13 ] 21 60 [ DIN3
SUM12 ] 22 59 [ DIN2
GND ] 23 58 1 DIN1
SUM11 ] 24 57 [ DINo
SUM10 ] 25 56 [—1 CIENB
SUMe ] 26 55 [ CIN8
SUMs ] 27 54 [ Vco
SUM7 ] 28 53 [ CIN7
NC [ 29 52 [—1 CINe
SUMs ] 30 51 3 GND
5YPBIBEEBZITILTILEEISB
NoLIOLN-—SAAQILS S0 YA
22530==z5222@2zg0=zz222
> Z >
6633 338300300 ooodoo
Plastic Quad Flatpack
Speed (Q2)
50 ns LF43891QC50
40 ns LF43891QC40
33 ns LF43891QC33
25ns LF43891QC25
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9 x 9-bit Digital Filter

v -~ ~, ~

r r~ S, S S, S -~
‘v. L ‘V' LL ‘v' v, ‘v’ ‘v’ ‘w’ ‘V,
GND COENB Vcc RESET DIN7 DINe DIN3 DINo CINs Vcc
S, -~ -~ P -~ s -~ S ~~ S,
LS. VL R O U . LR LR W A AL W
Vce COUT7 COUTs ERASE DINs DINt1 DIN2 CEENB CIN7 CINe
P -~ S S S -~
LU [ U [
COUTs COUTe DIENB DIN5 DIN4 CINs
. = -~
(AU L L
COUTs COUT4 CIN2
P . -~ S .
(O ENGENG o)
COUT1 GND COUT2 Top View CIN1 CINo
C ) C ) C ] Through Package C [] C ]
GND COUTo SHADD (i.e., Component Side Pinout) SUMo  Vce
r~ -~ r~, -~ r~
o O U
ADR2 DCMo CLK SUMt  SUMs
r~ 7 S
(S W [
ADR1 ADRo SUMs
OO O OO 9
vce  SUM2s SUM20 SUM1t7 SUMis SUM7
P - -~ r~ -~ P -~ -~ r~ s
[P R L GO R 0 B A R W B A B W I W
SENBH SUM2#+ GND Vcc SUMis GND SUMis SUMr2 SUMio SUMs
o™ 7™~ 7™ 7™~ 7™ 7™ 7™~ 7™~ 7™~ 7™
LAUR V5 R (5 R O B (5 S 5 B (L L B L B
DCM1 SUM23 SUM22 SUMz2t SUMig SUMwi Vcc SUMi3 GND SUMrt

Speed

50 ns
40 ns
33 ns
25 ns

50 ns
40 ns
33 ns

50 ns
40 ns
33 ns

Ceramic Pin Grid Array
(G3)

LF43891GC50
LF43891GC40
LF43891GC33
LF43891GC25

LF43891GM50
LF43891GM40
LF43891GM33

LF43891GMBS50
LF43891GMB40
LF43891GMB33
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12

LF48212
x 12-bit Alpha Mixer

Q 40 MHz Data and Computation
Rate

Q Two’s Complement or Unsigned
Operands

Q On-board Programmable Delay
Stages
Q Programmable Output Rounding
Q Replaces Harris HSP48212
Q Package Styles Available:
¢ 68-pin Plastic LCC, J-Lead
* 64-pin Plastic Quad Flatpack

The LF48212 is a high-speed video
alpha mixer capable of mixing video
signals at real-time video rates. It
takes two 12-bit video signals and
mixes them together using an alpha
mix factor. Alpha determines the
weighting that each video signal
receives during the mix operation.
The input video data can be in either
unsigned or two’s complement
format, but both inputs must be in the

same format. Independently con-
trolled programmable delay stages are
provided for the input and control
signals to allow for allignment of
input data if necessary. The delay
stages can be programmed to have
from 0 to 7 delays. The 13-bit output
of the alpha mixer is registered with
three-state drivers and may be
rounded to 8, 10, 12, or 13-bits.

DINA11-0

DINB11-0
12

BYPASS ——»] 15
DELAY CONTROL
—
DEL REGISTER
LD —>
CLK ——>»

MIXEN —>
OE —>»

Tc

S

y
FORMAT

1.0-00

RND1-0

]
al

NOTE: NUMBERS IN REGISTERS INDICATE
NUMBER OF PIPELINE DELAYS.

0-7

FORMAT

DOUT12:0
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SIGNAL DEFINITIONS
Power
Vcc and GND

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all
enabled registers except for the Delay
Control Register.

Inputs
DINA11-0 — Pixel Data Input A

DINA11-0 is one of the 12-bit regis-
tered data input ports. Data is latched
on the rising edge of CLK.

DINB11-0 — Pixel Data Input B

DINB11-0 is the other 12-bit registered
data input port. Data is latched on the
rising edge of CLK.

Ol11-0 — Alpha Mix Input

Ol11-0 determines the weighting
applied to the data input signals
before being mixed together. DINA11-0
and DINBI11-0 receive weightings of Ol
and 1.0 — Ol respectively. O(11-0is
unsigned and restricted to the range of
0to 1.0. Figure 1 shows the data
format for O(11-0. If a value greater
than 1.0 is latched into the Alpha Mix
Input, internal circuitry will force the
value to be equal to 1.0. Data is
latched on the rising edge of CLK.

DEL — Delay Data Input

DEL is used to load the Delay Control
Register. The Delay Control Register
contains a 15-bit value which deter-
mines the number of delay stages
added to the input and control signals.
The 15-bit data value is loaded serially
into the Delay Control Register using
DEL and LD. Data present on DEL is
latched on the rising edge of LD.

12 x 12-bit Alpha Mixer

[11 10 9 8 7 6

5 4 3 2 1 0|

20 2—1 2—2 2—3 2—4 2—5

2_6 2—7 2—8 2—9 2—10 2—11

Outputs
DOUT12-0 — Data Output

DOUT12-0 is the 13-bit registered data
output port.

Controls
TC — Data Format Control

TC determines if the input data is in
unsigned or two’s complement
format. If TC is LOW, the data is in
two’s complement format. If TC is
HIGH, the data is in unsigned format.
Data present on TC is latched on the
rising edge of CLK. TC only affects
the data that is being latched into the
LF48212. Changing TC does not affect
internal data already in the pipeline.

MIXEN — Alpha Mix Input Enable

When HIGH, data on Ol11-0 is latched
into the LF48212 on the rising edge of
CLK. When LOW, data on (11-0 is not
latched and the last value loaded is
held as the alpha mix value.

LD — Load Strobe

The rising edge of LD latches the data
on DEL into the Delay Control Register.

BYPASS — Bypass Delay Stage Control

The BYPASS control is used to bypass
the internal programmable delay
stages. When BYPASS is set HIGH,
the Delay Control Register will
automatically be loaded with a “0”.
This will set the number of program-
mable delay stages to zero for all
input and control signals. When
BYPASS is LOW, the desired number
of delay stages can be set by loading

the Delay Control Register with the
appropriate value. Note that this
signal is not intended to change
during active operation of the
LF48212.

RND1-0 — Output Rounding Control

RND:1-0 determines how the output of
the LF48212 is rounded. The output
may be rounded to 8, 10, 12, or 13-bits.
Table 1 lists the different rounding
possibilities and the associated value
for RND1-0. Rounding is accom-
plished by adding a “1” to the bit to
the right of what will become the least
significant bit. Then the bit that had
the “1” added to it and all bits to the
right of it are set to “0”. Data present
on RND1-0 is latched on the rising
edge of CLK. When RND1-0is latched
in, it only applies to the video input
data latched in at the same time.
Changing RND1-0 does not affect the
rounding format for internal data
already in the pipeline.

OE — Output Enable

When OE is LOW, DOUT12-0is
enabled for output. When OE is
HIGH, DOUT12-0 is placed in a high-
impedance state.

RND1-0 | ROUNDING FORMAT
00 Round to 8-bits
01 Round to 10-bits
10 Round to 12-bits
11 Round to 13-bits
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ETET LF48212
DEVICES INCORPORATED 12 x 12-bit Alpha Mixer
FUNCTIONAL DESCRIPTION delay stages to DINB11-0, DELAY5-3 of the internal summer output is not

The two video signals to be mixed
together are input to the LF48212
using DINA11-0 and DINB11-0. Data
present on DINA11-0 and DINB11-0 is
latched on the rising edge of CLK.
The input data may be in either
unsigned or two’s complement
format, but both inputs must be in the
same format. TC determines the
format of the input data. When TC is
HIGH, the input data is in unsigned
format. When TC is LOW, the input
data is in two’s complement format.
TC is latched on the rising edge of
CLK and only affects the input data
latched in at the same time. The data
already in the pipeline is not affected
when TC changes.

DINA11-0 and DINB11-0 are mixed
together using an alpha mix factor
(011-0) as defined by the equation
listed in Figure 2. O(11-0 is unsigned
and restricted to the range of 0 to 1.0.
MIXEN controls the loading of alpha
mix data. When MIXEN is HIGH,
data present on O(11-0 is latched on the
rising edge of CLK. When MIXEN is
LOW, data present on O(11-0 is not
latched and the last value loaded is
held as the alpha mix value.

It is possible to add extra delay stages
to the input data and control signals
by using the programmable delay
stages. The 15-bit value (DELAY14-0)
stored in the Delay Control Register
determines the number of delay stages
added. DELAY14-0is divided into 5
groups of 3-bits each. Each 3-bit
group contains the delay information
for one of the input data or control
signals. Figure 3 shows the block
diagram of the Delay Control Register
as well as a list of the input data and
control signals that may be delayed
and the DELAY signals that control
them. The delay length can be pro-
grammed to be from 0 to 7 stages. The
delay length is set by loading the
binary equivalent of the desired delay
length into the appropriate 3-bit
group. For example, to add four extra

should be set to “100”. DELAY14-0 is
loaded serially into the Delay Control
Register using DEL and LD. DELAY0
is the first value loaded and DELAY14
is the last. Data present on DEL is
latched on the rising edge of LD.
BYPASS is used to disable the pro-
grammable delay stages. When
BYPASS is HIGH, the Delay Control
Register is automatically loaded with
a “0”. This sets all programmable
delay stages to a length of zero. When
BYPASS is LOW, the Delay Control
Register may be loaded to set the
desired number of delay stages. Note
that BYPASS is not intended to change
during active operation of the
LF48212.

The Adjust stage of the LF48212 is
used to maximize the precision of the
output data. Since O{ can never be
larger than 1.0, the most significant bit

needed. The Adjust stage takes the
output of the internal summer and left
shifts the data one bit position. This
removes the MSB of the internal
summer output and provides one
more bit of precision for the output
data.

The output data of the LF48212 may
be rounded to 8, 10, 12, or 13-bits.
RND1-0 determines how the output is
rounded (See Table 1). RND1-0is
latched on the rising edge of CLK and
only affects the input data latched in
at the same time. The data already in
the pipeline is not affected when
RND1-0 changes.

OUTPUT = O(DINA) + (1 — O)DINB

» DELAY14

r——-—» DELAY13 RND1-0 DELAY
D Q » DELAY12

» DELAY11

0Ol11-0 DELAY

» DELAY5

DINB11-0 DELAY

}
}
}

» DELAY2

} DINA11-0 DELAY

DEL D Q D Q
5} > D —p b —p
J—> DELAY10
— Q Q D Q » DELAY9
> D —p 0—p
1——————————* DELAY7
L>»b a Q D a DELAYs
D —p D —p
l—» DELAY4
LD a D Q D a DELAY3
i5) ——L D —p
J—> DELAY1
LD a D a D Q » DELAYo
> D—p D—p
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Storage teMPEratUre ........cc.cciiiiiiireee e sb e —65°C to +150°C
Operating ambient tEMPErAtUre ...........cooveriiirierieee et e e s e e naes -55°C to +125°C
Vcce supply voltage with respect t0 ground .............coeoeeieririeeienene e -05Vto+7.0V
Input signal with respect to ground ...........ccceeiiiirnieieree e -05VtoVcc+05V
Signal applied to high impedance output .. 05VtoVcc+05V
Output current into IoW OULPULS ..........ooo et e e e e aeeas 25 mA
LAICRUD CUITENT ...ttt et e e e s e e e e s e e e s abe e e e saeaesasee e nnbaeesnsaensaeennneas > 400 mA

12 x 12-bit Alpha Mixer

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VOH Output High Voltage Vcce = Min., IoH = —400 pA 2.6 Vv
VoL Output Low Voltage Vce =Min, loL=2.0 mA 04 | V
ViH Input High Voltage 2.0 Vce | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
lix Input Current Ground < VIN < VcC (Note 12) +10 | pA
loz Output Leakage Current Ground < VouT < VccC (Note 12) +10 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 120 | mA
Icc2 Vcc Current, Quiescent (Note 7) 500 | pA
CIN Input Capacitance Ta=25°C,f=1MHz 10 | pF
Cout | Output Capacitance Ta=25°C, f=1MHz 10 | pF
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LF48212

" LF48212—

12 x 12-bit Alpha Mixer

25
Symbol Parameter Min Max
tcyc | Cycle Time 25
trw | Clock Pulse Width 10
ts Input Setup Time 10
tH Input Hold Time 0
to Output Delay 13
tENA | Three-State Output Enable Delay (Note 11) 13
13

tpis | Three-State Output Disable Delay (Note 11)

HIGH IMPEDANCE

tcyc
tPw tPw
CLK X i R
[ ts tH
DINA11-0 >‘(
DINB11-0
[ ts tH
ol11-0 )I(
| ts tH
CONTROLS* )I(
OE JIZ \t
| | tENA j

DOUT12-0

*includes MIXEN, TC, and RND1-0.
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DEVICES INCORPORATED 1 2 X 1 2'bit Alpha Mixer
LF48212-
25
Symbol Parameter Min Max

tLe LD Cycle Time 25

tLpw | LD Pulse Width 10

tDs DEL Setup Time 12
toH DEL Hold Time 0

tLrw

tLpw
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12 x 12-bit Alpha Mixer

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values be-
yond those indicated in the Operating
Conditions table is not implied. Expo-
sure to maximum rating conditions for
extended periods may affect reliability.

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Never-
theless, conventional precautions
should be observed during storage,
handling, and use of these circuits in
order to avoid exposure to excessive
electrical stress values.

3. This device provides hard clamping
of transient undershoot and overshoot.
Input levels below ground or above VcC
will be clamped beginning at —0.6 V and
Vcc + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of -0.5 V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

4. Actual test conditions may vary
from those designated but operation is
guaranteed as specified.

5. Supply current for a given applica-
tion can be accurately approximated

by:
Y NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and noload, ata 40 MHz clock
rate.

7. Tested with all inputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified IOHand IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IoOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
As a result, care must be exercised in
the testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VCC
and the tester common, and device
ground and tester common.

b. Ground and VcC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VcCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

vce

10Q

OUTPUT

n+

S
Bl
L4
<

tois [— [€— tENA
OE
02V —

TRISTATE )
OUTPUTS _______#

HIGH IMPEDANCE

—F

02V
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12 x 12-bit Alpha Mixer

68-pin

- 3

4 ISI.I< [e) o = E

3583883828858833x%

e O o e 0 st I e s s I s e N o o O e O o e o
/9 87 65 4 3 2 1 6867 666564636261 ]
DINB11 [J10 ° o[l
DINB1o [}11 59%

DINBs [}12 58

DINBs []13 5701
DINB7 []14 56[]
DINBs []15 55[]
GND []16 54[1
DINBs []17 53[]
NC []18 T_0p 52[]
DINBs [}19 View s1f]
DINBs []20 50{]
DINBz []21 491
DINB1 []22 48[y
DINBo []23 4700
RND1 []24 a6[]
RNDo []25 4[]
DEL []26 441
\_ 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

- O O @ N © < o o = O

AP z5282502422225¢2

oo (=} [alya) [alalyal [aal=alya)

OE
DOUT12
DOUT11
DOUT10
DOUTo
GND
DOUTs
DOUT?
NC
DOUTs
DOUTs
Vee
DOUT4
DOUT3
DOUT2
DOUT1
DOUTo

25ns

Plastic J-Lead Chip Carrier
(J2)

LF48212JC25
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12 x 12-bit Alpha Mixer

ORDERING INFORMATION
64-pin
3
b4 l52u< Q o E
0888838888888 8a
/0 3BUG8BBLSBIBNGI2 )
DINB11 ] 1 48 —1 OE
DINB1o ] 2 47 [ DOUT12
DINBs ] 3 46 1 DOUTH1
DINBs ] 4 45 1 DOUT10
DINB7 ] 5 44 1 DOUTo
DINBs ] 6 43 =3 GND
GND 7 42 1 DOUTs
DINBs ] 8 Top 41 3 pOUTY
DINB4 ] 9 View 40 [ DOUTs
DINB3 ] 39 [ DOUTs
DINB2 ] 38 [ Vce
DINB1 ] 37 1 DOUT4
DINBo ] 36 [ DOUT3
RAND1 ] 35 [ DOUT2
RNDo ] 34 [~ DOUTH
DEL ] 33 1 DOUTo
NOOO T~ AN MOITULONONDO - A
FFF(\INNNNN(\INNNO(’)O’)/
- O O @ N © 0 < M0 N = O
BlRzg2825£22233:3
lalial o [ayaNalalya) [agalala)

Speed

- 0°C to +70°C — COMMERCIAL SCREENING

25ns

Plastic Quad Flatpack
(@3)

LF48212QC25
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DEVICES INCORPORATED

LF48410

1024 x 24-bit Video Histogrammer

FEATURES

| | DESCRIPTION

Q 40 MHz Data Input and Compu-
tation Rate

0 1024 x 24-bit Memory Array

0 Histograms of Images up to 4K x
4K with 10-bit Pixel Resolution

Q0 Memory Array Flash Clear

QO User-Programmable Modes:
Histogram, Histogram Accumulate,
Look Up Table, Bin Accumulate,
Delay Memory, Delay and Subtract,
Single Port RAM

Q Available 100% Screened to
MIL-STD-883, Class B

0 Replaces Harris HSP48410 and
HSP48410/883

0 Package Styles Available:
® 84-pin Plastic LCC, J-Lead
¢ 84-pin Ceramic PGA

The LF48410 is capable of generating
histograms and Cumulative Distribu-
tion Functions of video images. It
may also be used as a look up table, a
bin accumulator, a delay memory
(delay and subtract also possible), or a
single port RAM. The on-chip 1024 x
24-bit memory array facilitates
histograms of images up to 4K x 4K
pixels with a 10-bit pixel resolution.
Once the histogram of a video image
is stored in the memory array, the
Cumulative Distribution Function can
be calculated by putting the device in
Histogram Accumulate Mode. Trans-
formation functions can be performed
on pixel values when the device is in

Look Up Table Mode. If the Cumula-
tive Distribution Function is the
desired transformation function, the
LF48410 can calculate it and have it
available for Look Up Table Mode.
When the device is in Delay Memory
Mode, it functions as a video row
buffer. In this mode, the LF48410 can
buffer video lines as long as 1028
pixels. The device can also function as
an asynchronous single port RAM.
During asynchronous modes, the
device can be configured as a 1028 x
24,1028 x 16, or 1028 x 8-bit RAM. A
Flash Clear function is provided
which sets all memory array locations
and data path registers to “0”.

LF48410 BrLock DiagraM .
RAM ARRAY
DATAIN DATA OUT
24 _ oo 24
DIN23-0 ©® ADDRESS _ WR [« |€«—~—> DI023-0
IF
A ADDER
A » INPUT Y
10 CONTROL
10A9-0 >
ADDRESS |
10 GENERATOR
PINg-0 r
]
CLK N COUNTER
(TO ALL REGISTERS)
WR >
RD > ||
UWS » CONTROL
START >
FC > l
3
FCT20 > FUNCTION
] > DECODE ————» MUX CONTROL SIGNALS
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LF48410
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SIGNAL DEFINITIONS
Power
Vcc and GND

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

When operating in a synchronous
mode, the rising edge of CLK strobes
all enabled registers. CLK has no
effect when operating in an asynchro-
nous mode.

Inputs
PIN9-0 — Pixel Data Input

PIN9-0 provides address information
to the memory array in Histogram,
Bin Accumulate, and Look Up Table
Modes. Data is latched on the rising
edge of CLK.

DIN23-0 — Data Input

In Bin Accumulate Mode, DIN23-0
provides data to the internal summer
to be added to data already in the
memory array. In Look Up Table
Mode, DIN23-0 is used to load the
memory array with the desired
values. In Delay Memory Mode, the
data to be delayed is input to the
memory array using DIN23-0, and in
Delay and Subtract Mode it also
provides data to be subtracted from
the delayed data. In all four modes,
DIN23-0 is latched on the rising edge
of CLK.

IOA9-0 — Asynchronous Address Input

I0A9-0 provides address information
to the memory array in Asynchronous
16 and 24 Modes.

FCT2-0 — Function Input

FCT2-0is used to put the LF48410 into
one of its eight modes of operation
(Table 1). Data is latched on the rising

1024 x 24-bit Video Histogrammer

edge of LD. To ensure proper opera-
tion of the device, START must be
HIGH while changing modes, and
there must be at least one rising edge
of CLK between the rising edge of LD
and the falling edge of START.

Inputs/Outputs
DIO23-0 — Data Input/Output

In all synchronous modes, DIO23-0 is
the 24-bit registered data output port.
In all asynchronous modes, DIO23-0 is
both the data input and data output
port for the memory array.

Controls
START — Device Enable

START is used to enable and disable
the synchronous modes of operation
(except for the Delay Memory and
Delay and Subtract Modes). The
synchronous mode sections explain
how START functions in each mode.
START has no effect in asynchronous
modes. Data is latched on the rising
edge of CLK. START must be held
HIGH when changing from one mode
to another. To ensure proper opera-
tion of the device, there must be at
least one rising edge of CLK between
the rising edge of LD and the falling
edge of START.

RD — Read/Output Enable

In all synchronous modes, RD is used
as an output enable for DIO23-0.

When RD is LOW, DIO23-0 is enabled
for output. When RD is HIGH, DIO23-0
is placed in a high-impedance state. In
all asynchronous modes, RD is used as
a read enable for the memory array
(see asynchronous mode sections for
details).

WR — Write Enable

In all asynchronous modes, WRis
used as a write enable for the memory
array (see asynchronous mode sec-
tions for details). WR has no effect in
the synchronous modes.

UWS — Upper Word Select

UWS is only used in Asynchronous 16
Mode. If UWS is LOW and a memory
write is performed, data on DIO15-0 is
written to the lower 16 bits of the
addressed 24-bit word. If UWSis
LOW and a memory read is per-
formed, the lower 16 bits of the
addressed 24-bit word will be output
on DIO15-0. If UWS is HIGH and a
memory write is performed, data on
DIO?7-0 is written to the upper 8 bits of
the addressed 24-bit word. If UWS is
HIGH and a memory read is per-
formed, the upper 8 bits of the
addressed 24-bit word will be
output on DIO7-0.

FC — Flash Clear

When FC is LOW, all memory array
locations and data path registers are
set to “0”. To ensure that Flash Clear
functions properly, FC should not be
set LOW until START is HIGH
(synchronous modes) or WR is HIGH
(asynchronous modes).

LD — Function Load Strobe

Data present on FCT2-0 is latched into
the LF48410 on the rising edge of LD.
To ensure proper operation of the
device, there must be at least one
rising edge of CLK between the rising
edge of LD and the falling edge of
START.

TaLe 1. LF48410 Mobes
FCT2-0 MODE

0| 0| 0 | Histogram

0| 0 | 1 | Histogram Accumulate

0| 1| 0 | Delay and Subtract

0| 1] 1| Look Up Table

1| 0| 0 | Bin Accumulate

1|0 |1 | Delay Memory

1| 1|0 { Asynchronous 24

1| 1| 1| Asynchronous 16
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HISTOGRAM MODE

When the LF48410 is in this mode, the
chip is configured as shown in Figure 1.
The memory array keeps track of how
many times a particular pixel value is
used in a video image. The pixel
value is input on PIN9-0 and is latched
on the rising edge of CLK. Data at the
address defined by PIN9-0 is read out
of the memory array and incremented
by one. The data is then written back
to the memory array, in the same
location it was read from, and is also
output on DIO23-0 (if RD is LOW). As
long as START is LOW, the device
will be enabled for Histogram Mode.
When START is HIGH, the device will
still read pixel values, but the addres-
sed data will not be incremented. The
unchanged data is output on DIO23-0
and is not written back to the memory
array (writing is disabled). START is
delayed internally three clock cycles to
match the latency of the address
generator.

HISTOGRAM ACCUMULATE
MODE

When the LF48410 is in this mode, the
chip is configured as shown in Figure 2.
This mode is used to calculate the
Cumulative Distribution Function of a
video image. Before this can be done,
the histogram of the image must
already be in the memory array. The
internal counter is used to generate
address data for the memory array.
Data at the address defined by the
counter is read out of the memory
array and added to the sum of the
data from all previous address
locations. This new value is written
back to the memory array, in the same
location where the last read occurred,
and is also output on DIO23-0 (if RD is
LOW). After all memory locations
with histogram data are accumulated,
the memory array will contain the
Cumulative Distribution Function.

After this mode is selected, the
internal counter and all data path
registers are reset to zero when

1024 x 24-bit Video Histogrammer

RAM ARRAY
DATAIN DATA OUT
ADDRESS __ WR

10
ADDRESS
PiNe GENERATOR
CONTROL

CLK ———» TO ALL REGISTERS

START

DIO23-0

RAM ARRAY
DATAIN

DATA OUT

ADDRESS _ WR

ADDRESS
GENERATOR

COUNTER

CONTROL

CLK
(TO ALL REGISTERS)

START

DIO23-0

START is set LOW. Every rising edge
of CLK causes the counter to incre-
ment its output by one until the
counter reaches a value of 1023. At
this point, the counter will hold the
value of 1023 and writing to the
memory array will be disabled. As
long as START is LOW, the device
will be enabled for Histogram Accu-
mulate Mode. When START is HIGH,
the counter will still increment its
address values, but the addressed
data will not be added to anything.
The unchanged data is output on
DIO23-0 and is not written back to the
memory array (writing is disabled).
START is delayed internally three
clock cycles to match the latency of the
address generator.

LOOK UP TABLE MODE

When the LF48410 is in this mode, the
chip is configured as shown in Figure 3.
This mode is used to perform fixed
transformation functions on pixel
values. The transformation function
can be loaded into the memory array
in Look Up Table Write Mode, Asyn-
chronous 16/24 Mode, or Histogram
Accumulate Mode. In Look Up Table
Write Mode, data is loaded into the
memory array using DIN23-0, CLK,
and START. The internal counter is
used to generate address data for the
memory array. When START goes
LOW, the counter is reset to zero. As
long as START is LOW, data on
DIN23-0 is latched on the rising edge
of CLK and loaded into the memory
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1024 x 24-bit Video Histogrammer

RAM ARRAY
24
DIN23-0 —z%ﬂ—' DATAIN DATAOUT
ADDRESS __ WR

ADDRESS
GENERATOR

PINg-0

COUNTER

CLK
(TO ALL REGISTERS)

START

CONTROL

DiO23-0

NOTE: NUMBER IN REGISTER INDICATES
NUMBER OF PIPELINE DELAYS.

RAM ARRAY
DATAOUT
ADDRESS

DATAIN

WR

DIN23-0

10 ADDRESS o
GENERATOR

CONTROL

CLK ——— > TO ALL REGISTERS

PINg-0

S

START

DI0O23-0

NOTE: NUMBER IN REGISTER INDICATES
NUMBER OF PIPELINE DELAYS.

array at the address defined by the
counter. The value already in the
memory array at that address is
output on DIO23-0 (if RD is LOW).
Every rising edge of CLK causes the
counter to increment its output by one
until the counter reaches a value of
1023. At this point, the counter will
hold the value of 1023 and writing to
the memory array will be disabled.
DIN23-0 is delayed internally three
clock cycles to match the latency of the
address generator. In Asynchronous
16/24 Mode, data is loaded into the
memory array as detailed in the

asynchronous mode sections. If the
Cumulative Distribution Function is
the desired transformation function,
the memory array will contain this
data as soon as the Histogram Accu-
mulate function has been completed.

Once the memory array contains the
desired data, the device needs to be
put in Look Up Table Read Mode by
setting START HIGH. In Look Up
Table Read Mode, pixel values are
input on PIN9-0 and are latched on the
rising edge of CLK. Data at the
address defined by PIN9-0 is read out

of the memory array and output on
DIO23-0 (if RD is LOW). If Look Up
Table Write Mode was used to load
the memory array, it is important to
wait until the third clock cycle after
START goes HIGH to input data on
PIN9-0 to insure that all data is written
into the memory array before any
reading is done.

BIN ACCUMULATE MODE

When the LF48410 is in this mode, the
chip is configured as shown in Figure 4.
PIN9-0 provides address data for the
memory array and is latched on the
rising edge of CLK. Data at the
address defined by PIN9-0 is read out
of the memory array and added to the
data on DIN23-0. This new value is
written back to the memory array, in
the same location where the last read
occured, and is also output on DIO23-0
(if RD is LOW). As long as START is
LOW, the device will be enabled for
Bin Accumulate Mode. When START
is HIGH, the device will still read
address values on PIN9-0, but the
addressed data will not be added to
anything. The unchanged data will be
output on DIO23-0 and is not written
back to the memory array (writing is
disabled). START and DIN23-0 are
delayed internally three clock cycles to
match the latency of the address
generator.

DELAY MEMORY MODE

When the LF48410 is in this mode, the
chip is configured as shown in Figure 5.
This mode allows the device to
function as a row buffer. The internal
counter is used to generate address
data for the memory array. When
START goes LOW, the counter is reset
to zero. Delay length (row length) is
determined by reseting the counter
every N-4 clock cycles, where N is the
number of delays. For example, to set
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the number of delays to 10, START
would have to be set LOW every 6
cycles. The maximum delay length is
1028 and the minimum delay length is
6. Data on DIN23-0 is latched on the
rising edge of CLK and loaded into
the memory array at the address
defined by the counter. Data is output
on DIO23-0 (if RD is LOW). If the
counter reaches the value of 1023, the
counter will hold this value and
writing to the memory array will be
disabled.

DELAY AND SUBTRACT MODE

When the LF48410 is in this mode, the
chip is configured as shown in Figure 6.
The internal counter is used to gener-
ate address data for the memory
array. When START goes LOW, the
counter is reset to zero. Delay length
(row length) is determined by reseting
the counter every N—4 clock cycles,
where N is the number of delays. The
maximum delay length is 1028 and the
minimum delay length is 6. Data on
DIN23-0 is latched on the rising edge
of CLK and loaded into the memory
array at the address defined by the
counter. Data is output on DIO23-0 (if
RD is LOW). Before data read from
the memory array is output to DIO23-0,
input data is subtracted from it
according to the following formula:
OUTC = D(C-N+1) - D(C-3). OUTC is
the data sent to the output port
(DIO23-0) on clock cycle C. D(C-N+1) is
the data latched into the device on
clock cycle C-N+1, and D(C-3) is the
data latched into the device on clock
cycle C-3. N is the number of delays.
For example, to determine what will
be output on DIO23-0 on clock cycle 12
when the device is set for 10 delays,
set C=12 and N=10 to obtain:

OUT12 = D3 - D9. If the counter
reaches the value of 1023, the counter
will hold this value and writing to the
memory array will be disabled.

1024 x 24-bit Video Histogrammer

RAM ARRAY

DATAIN DATA OUT

24
DIN23-0 ©
A

o |
(TO ALL REGISTERS)

ADDRESS _ WR

START CONTROL

DIO23-0

NOTE: NUMBER IN REGISTER INDICATES
NUMBER OF PIPELINE DELAYS.

RAM ARRAY
DATAIN DATA OUT
ADDRESS __ WR

24

DIN23.0 |:]
N

DIO23-0

PR =
(TO ALL REGISTERS)

NOTE: NUMBER IN REGISTER INDICATES
NUMBER OF PIPELINE DELAYS.

ASYNCHRONOUS 16 MODE
When the LF48410 is in this mode, the

chip is configured as shown in Figure 7.

This mode allows the device to
function as an asynchronous single
port RAM. Each 24-bit memory
location is split into two parts, the
lower 16 bits and the upper 8 bits.
IOA9-0 addresses the 24-bit memory
locations, and UWS addresses the
lower 16 or upper 8 bits of those
locations. If UWS is LOW, the lower
16 bits of the 24-bit memory location
are addressed. If UWS is HIGH, the
upper 8 bits are addressed. Address

data on IOA9-0 and UWS is latched
into the device on the falling edge of
RD or WR. If RD latches the address
data, a memory read is performed.
Data at the specified address is output
on DIO15-0 (if UWS was latched LOW)
or DIO7-0 (if UWS was latched HIGH).
If UWS was latched LOW /HIGH,
DIO16-23/DI08-23 will output zeros
during a memory read. If WR latches
the address data, a memory write is
performed. After the falling edge of
WR latches the address, data on
DIO15-0 (if UWS was latched LOW) or
DIO7-0 (if UWS was latched HIGH) is
written to the RAM on the rising edge
of WR.
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ECEC LF48410
BEVIGES INGORPORATED 1024 x 24-bit Video Histogrammer
ASYNCHRONOUS 24 MODE

When the LF48410 is in this mode, the

chip is configured as shown in Figure 7.

In this mode, the device functions the
same as when in Asynchronous 16
Mode except that the 24-bit memory
locations are not split into two parts.
All 24 bits are used during a read or
write operation. When reading, data
is output on DIO23-0. When writing,
data is input on DIO23-0. UWS is not
used in this mode.

RAM ARRAY

24
»{ DATA IN DATA OUT '?/'g DIO230
ADDRESS __WR y

10

% | aporess
10As0 GENERATOR

3

WR ———>
RD ————— | CONTROL

UW§ ———————>
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LF48410

DEVICES

INCORPORATED 1024 x 24-bit Video Histogrammer

StOrage tEMPEIAtUIE .........cceiiiiiiiee ettt e s b bbb s —65°C to +150°C
Operating ambient teMPErature .........c..cccieviieiinenici e —55°C to +125°C
Vce supply voltage with respect to ground -05Vto+7.0V
Input signal with respect to ground ..............ccooeiiiiiiiinii -05VtoVcc+05V
Signal applied to high impedance OULPUL.............ccoiiiiiriieni e -05VtoVcc+05V
Output current into IOW OUIPULS .......ceiiiiiiiiii e s 25 mA
LatChUD CUITENT ...ttt ettt ettt b e e st e e be e e e e e e e eanee s sasnessane s sasaeeas > 400 mA

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military —55°C to +125°C 450V <Vcc<550V
Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vce = Min,, loH =-2.0 mA 2.6 \"
VoL Output Low Voltage Vcce = Min., loL = 4.0 mA 04 | V
ViH Input High Voltage 2.2 Vec | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
lix Input Current Ground < VIN £ Vcc (Note 12) +10 | pA
loz Output Leakage Current Ground < VouT < Vcc (Note 12) +10 | A
Icct Vcc Current, Dynamic (Notes 5, 6) 310 | mA
Icc2 Vcc Current, Quiescent (Note 7) 500 | pA
CIN Input Capacitance Ta=25°C,f=1MHz 12 | pF
CouT | Output Capacitance Ta=25°C,f=1MHz 12 | pF

Video Imaging Products
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1024 x 24-bit Video Histogrammer

LF48410—
30 25

Symbol Parameter Min Max Min Max

tcyc | Cycle Time 30 25

trwL | Clock Pulse Width Low 12 10

trwH | Clock Pulse Width High 12 10

trs PIN9-0 Setup Time 13 12

tPH | PINe-o Hold Time 0 0

tos DIN23-0 Setup Time 13 12

toH DIN23-0 Hold Time 0 0

tss | START Setup Time 13 12

tsH | START Hold Time 0 0

tcy Read/Write Cycle Time 65 55

tas Address Setup Time 15 13

tAH Address Hold Time 1 1

twL | WR Pulse Width Low 15 12

twH | WR Pulse Width High 15 12

twps | DIO23-0 Setup Time 15 12

twbH | DIO23-0 Hold Time 1 1

tRL | RD Pulse Width Low 43 35

trRH | RD Pulse Width High 17 15

tRD | RD Low to DIO23-0 Valid 43 35

toH | RD High to DIO23-0 High Z 0 0

tL | LD Pulse Width 12 10

tis | LD Setup to START 30 25

tFs FCT2-0 Setup Time 10 10

tFH FCT2-0 Hold Time 0 0

tFL | FC Pulse Width 35 35

to Output Delay 19 15

tENA | Three-State Output Enable Delay (Note 11) 19 18

tois | Three-State Output Disable Delay (Note 11) 19 18

Video Imaging Products
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1024 x 24-bit Video Histogrammer

| Miimary OeraTinG Rance (-55°C tc S
LF48410-
39 30
Symbol Parameter Min Max Min Max
tcyc | Cycle Time 39 30
tpwL | Clock Pulse Width Low 15 12
tpwH | Clock Pulse Width High 15 12
trs PIN9-0 Setup Time 16 15
tPH PIN9-0 Hold Time 1 1
tps DIN23-0 Setup Time 16 15
tDH DIN23-0 Hold Time 1 1
tss | START Setup Time 16 15
tsH | START Hold Time 0 0
tcy Read/Write Cycle Time 80 65
tas Address Setup Time 20 16
tAH Address Hold Time 2 2
twL | WR Pulse Width Low 20 15
twH | WR Pulse Width High 20 15
twps | DIOz23-0 Setup Time 20 16
twpH | DIO23-0 Hold Time 2 2
tRL | RD Pulse Width Low 55 43
trRH | RD Pulse Width High 20 17
tRD | RD Low to DIO23-0 Valid 55 43
toH | RD High to DIO23-0 High Z 0 0
tLL | LD Pulse Width 15 12
tLs | LD Setupto START 39 30
tFs FCT2-0 Setup Time 15 12
tFH FCTz2-0 Hold Time 1 1
trL | FC Pulse Width 35 35
tp Output Delay 24 19
tENA | Three-State Output Enable Delay (Note 11) 24 19
tois | Three-State Output Disable Delay (Note 11) 27 27
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LF48410

DEVICES INCORRORATED 1024 x 24-bit Video Histogrammer
5 6 7

3
tPWH
tPwL

teve
7 X

CLK

R.l tss
START
tp?’i—EH
;l< 1 2 X 3 X 4

PIN9-0
RD j‘ j(

toIs = tENA f=— —
—_— GH IMPEDANCE

= ' ~ X X

DIO23-0

*RAM contents not changed.

tPWH

tPwL
tcyc

CLK

— _____~{l\ tss
— D
{ 1 X 2 X 3* >C

tpbis tENA |=—
HIGH IMPEDANCE

DIO23-0 P

*RAM contents not changed.

tPwL
tcyc

CK /T LA
tss
START ;L

tPs

p
—=| _toH
tDs =—
1 )l; 2 X 3 X 4
s X

DIN23-0
RD jf j<
tDIs  |=— tENAr —= D )l(—
—_— HIGH IMPEDANGE
| 1 X2 X

DIO23-0
Video Imaging Products
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1 2 3 4 5 6 7
CLK
tPWH
tss tPWL
START ﬂ tcyc

43l<t { 2 X 3 X v X5 X T XTI X

1
—= D
T e
tois = tENA |=— *
HIGH IMPEDANCE ) p X > X 3 X 2 >C

_
DIiO23-0 <

DIN23-0

1 2 3 4 5 6

CLK
tPWH
tPWL tcyc

s X

tss
START ;|‘
tos tDH{
PIN9-0 j( 1 2 X 3 X 4 X
— tD
T ~
i f=— tENA f=— >1<

HIGH IMPEDANCE | - S

-
DI023-0 <

*START must be held HIGH a minimum of tsH after the rising edge of CLK that loads the last value of PINg-0.

10 1 12 13 14

CLK
tsH
tss

tsH
tss

X 11 X 12 X 138 X 14 X

START
tss

DIN23-0 ;l{ms1 2 X 3 X 4 X5 X8 X7 X8 X9 X

P T =
s =— tENA (=— —
HIGH IMPEDANCE 1 X 2 X 3 X 4>

DIO23-0 r—

Shown are the waveforms for a delay length of 10.
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SwitcHing WaverForms:  AsyncHronous WRITE 16/24 Mobe

RD
tAs tAH
10A9-0
uws*
Y

DIO23-0

*applies only to 16-bit Asynchronous Mode.

SWITCHING Waverorms:  AsyNcHRoNous Reap 16/24 Mook

tcy
tRH

WR
tRL
/ X

RD N
tAS —=1=— tAH
I10Ag-0
uws*
———1tRD —1DIS
HIGH IMPEDANCE Vs HIGH IMPEDANCE

DIO23-0

L

*applies only to 16-bit Asynchronous Mode.

rSwncﬂma,WAVEFoam__si_ FuasH CLEAR

[Swacmue Waverorms: Fucnmion Loap

L —=
W) Sl; ¥
trs =t
FCT2-0 ‘;( tFL
FC

e——tLs
START*

*there must be at least one rising edge of CLK between
the rising edge of LD and the falling edge of START.
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1024 x 24-bit Video Histogrammer

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values be-
yond those indicated in the Operating
Conditions table is not implied. Expo-
sure to maximum rating conditions for
extended periods may affect reliability.

2. The products described by this spec-
ification include internal circuitry de-
signed to protect the chip from damag-
ing substrate injection currents and ac-
cumulations of static charge. Never-
theless, conventional precautions
should be observed during storage,
handling, and use of these circuits in
order to avoid exposure to excessive
electrical stress values.

3. This device provides hard clamping
of transient undershoot and overshoot.
Input levels below ground or above VcC
will be clamped beginning at—0.6 V and
Ve + 0.6 V. The device can withstand
indefinite operation with inputs in the
range of 0.5V to +7.0 V. Device opera-
tion will not be adversely affected, how-
ever, input current levels will be well in
excess of 100 mA.

4. Actual test conditions may vary
from those designated but operation is
guaranteed as specified.

5. Supply current for a given applica-
tion can be accurately approximated

by:
Y NCV2F
4

where

N = total number of device outputs
C = capacitive load per output

V = supply voltage

F = clock frequency

6. Tested with all outputs changing ev-
ery cycle and no load, ata 20 MHz clock
rate.

7. Tested with allinputs within 0.1 V of
Vcc or Ground, no load.

8. These parameters are 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/tDIS test), and input levels of
nominally 0to 3.0 V. Output loading
may be a resistive divider which
provides for specified IoH and IOL at an
output voltage of VOH min and VOL
max respectively. Alternatively, a
diode bridge with upper and lower
current sources of IOH and IoOL
respectively, and a balancing voltage of
1.5V maybeused. Parasitic capacitance
is 30 pF minimum, and may be
distributed. For tENABLE and tDISABLE
measurements, the load current is
increased to 10 mA to reduce the RC
delay component of the measurement.

This device has high-speed outputs ca-
pable of large instantaneous current
pulses and fast turn-on/turn-off times.
As a result, care must be exercised in
the testing of this device. The following
measures are recommended:

a. A0.1pF ceramic capacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should be installed between device VcC
and the tester common, and device
ground and tester common.

b. Ground and VcC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted to
compensate for inductive ground and
VCC noise to maintain required DUT
input levels relative to the DUT ground
pin.

10. Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, is
specified as a minimum since the exter-
nal system must supply at least that
much time to meet the worst-case re-
quirements of all parts. Responses from
the internal circuitry are specified from

the point of view of the device. Output
delay, for example, is specified as a
maximum since worst-case operation of
any device always provides data within
that time.

11. Transition is measured *200 mV
from steady-state voltage with speci-
fied loading.

12. These parameters are only tested at
the high temperature extreme, which is
the worst case for leakage current.

—
B—p
'_
10Q 300Q
—>
—
e n
—

<= n
—
O OQUTPUT
n+
—
e n ji D1
— -

tois le— [€— tENA
OE
02v —

TRISTATE —i HIGH IMPEDANCE =
OUTPUTS éﬂj %v_

02V 02V
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R cH e LF48410
DEVIGES INCORPORATED 1024 x 24-bit Video Histogrammer
84-pin
2z22222228¢x%822222222¢2
ooooocoo0ocaa>00o0o00000000
o I e T e e s 1 s Y e e e e e e s 6 e O N e s Y e s O o |
__ /11109 8 7 6 5 4 3 2 184838281807978777675 )
FC 2 ° 74[1 DINs
RD []13 7300 DINe
START []14 72[1 DIN1o
D 5 71[] DINtt
FCT2 [}16 700 DIN2
FCT:1 [J17 69[]1 DIN13
FCTo [}18 68]]1 DIN1a
WR [J19 67[] DIN1s
GND [J20 66[] DIN1e
uws [j21 Top 65[] DIN17
10A9 []22 . 64[] GND
108s [J23 View 63[] DINts
10A7 [J24 62|] DIN19
10As []25 61[] DIN2o
10As []26 60[] DIN21
I0As [J27 59[1 DINz22
10As []28 58[]1 DIN23
10A2 [J29 57[] DIO23
10A1 [}30 56[] DIO22
10A0 [}31 55[] DIO21
vee [32 54[1 DIO20
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
$S588388850888 Y2y
838858835852982958%9¢9¢%¢
Plastic J-Lead Chip Carrier
Speed (J3)
30 ns LF48410JC30
25 ns LF48410JC25
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LF48410

DEVICES INCORPORATED 1024 x 24-bit Video Histogrammer

1 2 3 4 5 6 7 8 9 10 11

v o~ -, -, S, -, Py -~ ~ ~ -~ o~

A RV ) ) )
DINg DIN10 DIN11 DIN13 DIN16 DIN17 DIN19 DIN22 DIO23 DIO22 DIO19

-~ -~ -~ -~ -~ -, S, L) P Lo P

B LG G O N N O N N O N G U
DINs DIN7 DINg DIN12 DIN15 DIN21 DIN2o DIN23 DIO21 DIO20 DIO17

S P P S 7~ 7S, P o)

C [SERG o ) (O NG
DIN4 DINe DIN14 GND DIN18 DIO18 DIO16

P -~ S [

D (OIS o)
DIN2 DIN3 DIO15 DIO14

E OO O OO O
PINe DINo GND Top View DIO10 DIO12 DIO11

E OO O Through Package OO O
\LC\C [ﬂg1 C’L\K (i.e., Component Side Pinout) D,|99 D’|98 DI’(213

G [ L ] (OIS IRG
PINs PIN7 PINe DIOs DIO7 GND

H OO OO
PIN5s PIN4 DIO4 DIOs

J OO OO O OO
PIN3 PINt FCTo I0Ag 10As DIOt1 DIO3

K| OO OO0 0000000
PIN2 FC RD FCT2 WR UWS IOAs I0A3 I0A0 DIOo DIO2

’~ -~ 7 -~ S 7 -~ L) '~ e >,

L DO I O R 0 5 B O I LB 5L 5 B 5 B )
PINoSTART LD FCT1 GND I0As IOA7 IOA4 I0A2 I0A1 Vcc

Speed

30 ns
25 ns

39 ns
30 ns

39 ns
30 ns

Ceramic Pin Grid Array
(G3)

"LF48410GC30
LF48410GC25

LF48410GM39
LF48410GM30

LF441 0GMB39
LF48410GMB30

Video Imaging Products

2-127 06/29/95-1.DS.48410-D




DEVICES INCORPORATED




DEVICES INCORPORATED

LF48908

Two Dimensional Convolver

FEATURES |

| DESCRIPTION

0 40 MHz Data and Computation
Rate

Q Nine Multiplier Array with 8-bit
Data and 8-bit Coefficient Inputs

Q Separate Cascade Input and Output
Ports

Q On-board Programmable Row
Buffers

Q Two Coefficient Mask Registers

Q On-board 8-bit ALU

0 Two’s Complement or Unsigned
Operands

0 Replaces Harris HSP48908

Q DESC SMD No. 5962-93007

Q Available 100% Screened to
MIL-STD-883, Class B

0O Package Styles Available:
e 84-pin Plastic LCC, J-Lead
® 100-pin Plastic Quad Flatpack
e 84-pin Ceramic PGA

The LF48908 is a high-speed two
dimensional convolver that imple-
ments a 3 x 3 kernel convolution at
real-time video rates. Programmable
row buffers are located on-chip,
eliminating the need for external data
storage. Each row buffer can store up
to 1024 pixels. Two internal register
banks are provided allowing two
separate sets of filter coefficients to be
stored simultaneously. Adaptive filter
operations are possible when both
register banks are used. An on-chip
ALU is provided, allowing real-time
arithmetic and logical pixel point
operations to be performed on the
image data. The 3 x 3 convolver
comprises nine 8 x 8-bit multipliers,
various pipeline registers, and sum-
mers. A complete sum-of-products
operation is performed every clock

cycle. The FRAME signal resets all
data registers without affecting the
control and coefficient registers.

Pixel and coefficient input data are
both 8-bits and can be either signed or
unsigned integers. Image data should
be in a raster scan non-interlaced
format. The LF48908 can internally

store images as wide as 1024 pixels for

the 3 x 3 convolution. By using
external row buffers and multiple
LF48908s, longer pixel rows can be
used and convolutions with larger
kernel sizes can be performed. Out-
put data is 20-bits and this guarantees
no overflow for kernel sizes up to 4 x 4.
A separate cascade input is used as
the data input for summing results
from multiple LF48908s. It can also
function as the data input path when
external line buffers are used.

'F URE

1. LF48908 BLock DiaGRAM

16

CASl150 ———+—>]
8

DIN7-0 ———#—]

8
ROW
CINg-0 ————F4——>
ALU BUFFERS
A2-0 —;3;——>
LD ————————— >
Gs— 5 3x3
CONVOLVER
HOLD —————— >
BALY ——> CONTROL
RESET ——————> LOGIC

20

———>——» DOUT19-0
8

|———» CASO7-0
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LF48908
Two Dimensional Convolver
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Ficure 2. LF48908 Funcriona. B

ALU
7-0

8 8
ROw » CASO7-0

8 ROW
BUFFER ™ BUFFER

CINg-0

ALU
REGISTER E

-
10 | F Cc
3 p! p p

A20 ———> coNTROL

B LoGIC

C— £ é = . i

H B
= ﬁ = i
G A

ClLK ——— >
HOLD —
EALU ————»
RESET ————————»
FRAME ————————»
OE ———»

Y.
V1.

.

CASI15-0 b =B

DOUT19-0

NOTE: NUMBERS IN REGISTER INDICATE
NUMBER OF PIPELINE DELAYS.
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PEVIGES INCORPORATED Two Dimensional Convolver
SIGNAL DEFINITIONS CASO7-0 — Cascade Output A2-0 — Control Logic Address Lines
Power The data presented on CASO7-0is the ~ A2-0 determines which Control Logic
vee and GND internal ALU output delayed by twice Register will receive the CIN9-0 data.

+5 V power supply. All pins must be
connected.

Clock
CLK — Master Clock

The rising edge of CLK strobes all
enabled registers except for the
Control Logic Registers.

Inputs
DIN7-0 — Pixel Data Input

DIN7-0 is the 8-bit registered pixel
data input port. Data is latched on the
rising edge of CLK.

CIN9-0 — Coefficient and Control Logic
Register Input

CIN7-0 is used to load the Coefficient
Registers or can be used to provide a
second operand input to the ALU.
CINB-0 is used to load the Initializa-
tion Register. CIN9-0 is used to load
the ALU Microcode and Row Buffer
Length Registers. The Control Regis-
ter Address Lines, A2-0, determine
which register will receive the CIN
data. The CIN data is loaded into the
addressed register by using the CS
and LD control inputs.

CASI15-0 — Cascade Input

The cascade input is used when
multiple LF48908s are cascaded
together or when external row buffers
are needed. This allows convolutions
of larger kernels or longer row sizes.

Outputs

DOUT19-0 — Data Output

DOUT19-0 is the 20-bit registered data
output port.

the programmed internal row buffer
length.

Controls
RESET — Reset Control

When RESET is LOW, all internal
circuitry is reset, all outputs are forced
LOW, all Control Logic Registers are
loaded with their default values
(which is 0 for each one except the
ALU Microcode Register which has a
default value of “0000011000”), and all
other internal registers are loaded
with a “0”.

FRAME — New Frame Input Control

When asserted, FRAME signals the
start of a new frame. When FRAME is
LOW, all internal circuitry is reset
except for the ALU Microcode, Row
Length, Initialization, Coefficient, and
ALU Registers.

EALU — Enable ALU Register Input

When HIGH, data on CIN7-0 is latched
into the ALU Register on the next
rising edge of CLK. When LOW, data
on CIN7-0 will not be latched into the
ALU Register and the register con-
tents will not be changed.

HOLD — Hold Control

The HOLD input is used to disable
CLK from all of the internal circuitry.
HOLD is latched on the rising edge of
CLK and takes effect on the next rising
edge of CLK. When HOLD is HIGH,
CLK will have no effect on the
LF48908 and all internal data will
remain unchanged.

OE — Output Enable

When OE is LOW, DOUT19-0 is
enabled for output. When OE is
HIGH, DOUT19-0 is placed in a high-
impedance state.

CS — Chip Select

When CS is LOW, data can be loaded
into the Control Logic Registers.
When CS is HIGH, data can not be
loaded and the register contents will
not be changed.

LD — Load Strobe

If CS and LD are LOW, the data
present on CIN9-0 will be latched into
the Control Logic Register addressed
by A2-0 on the rising edge of LD.

FUNCTIONAL DESCRIPTION

The LF48908, a two-dimensional
convolver, executes convolutions using
internal row buffers to reduce design
complexity and board space require-
ments. 8-bitimage data, in raster scan,
non-interlace format, is convolved with
one of two internal, 3 x 3 user-
programable filter kernels. Two 1024 x 8-
bit row buffers provide the data delay
needed to perform two-dimensional
convolutions on a single chip. The result
output of 20-bits allows for word growth
during the convolution operation.

The input data path (DIN7-0) provides
access to an 8-bit ALU. This allows
point operations to be performed on
the incoming data stream before
reaching the row buffers and the
convolver. The length of these buffers
is programmable for use in various
video formats without the need for
additional external delay.

This device is configured by loading
the coefficent data (filter kernels) and
row buffer length through the
coefficent data path (CIN7-0). Internal
registers are addressed using the A2-0
address lines. Chip Select (CS) and
Load Strobe (LD) complete the
configuration interface which may be
controlled by standard microproces-
sors without additional external logic.
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The filtered image data is output on
the Data Output bus (DOUT19-0). This
bus is registered with three-state
drivers to facilatate use on a standard
microprocessor system bus.

Data Input

Image data is input to the 3 x 3
convolver using DIN7-0. Data present
on DIN7-0 is latched into a program-
mable pipeline delay on the rising
edge of CLK. The programmable
pipeline delay (1 to 4 clock cycles)
allows for synchronization of input
data when multiple LF48908s are
cascaded together to perform larger
convolutions. This delay is pro-
gramed via the Initialization Register
(see Table 3). The image data format,
unsigned or two’s complement, is also
controlled by this register.

Coefficient data is input to the 3 x 3
convolver using either of two Coef-
ficient Registers (CREG0 or CREG1).
The Coefficient Registers are loaded
through CIN7-0 using the A2-0, CS, and
LD controls. The coefficient data
format, unsigned or two’s comple-
ment, is determined by the Initializa-
tion Register.

Arithmetic Logic Unit

The input data path ALU with shifter
allows pixel point operations to be
performed on the incoming image.
These operations include arithmetic
functions, logical masking, and left/
right shifts. The 10-bit ALU Micro-
code Register controls the various
operations. The three upper bits
control the shift amount and direction
while the seven lower bits determine
the arithmetic or logical operation.
The shift operation is performed on
the output of the ALU. This shift
operation is independent of the
arithmetic or logical operation of the
ALU.

Tables 1 and 2 show the operations of
the ALU Microcode Register. The “A”
operand comes from the DIN input

Two Dimensional Convolver

data path, while the “B” operand is
taken from the ALU Register. The
ALU Register is loaded using CIN7-0
and EALU. With EALU HIGH, data
from CIN7-0 is loaded into the ALU
Register on the rising edge of CLK.
With EALU LOW, the data is held in
the ALU Register. Since CIN7-0 is also
used to load the Control Logic Regis-
ters, it is possible to overwrite data in
those registers if CS and LD are active
when loading the ALU Register.
Therefore, special care must be taken
to ensure that CS and LD are not
active when writing to the ALU
Register.

Programmable Row Buffers

The two internal row buffers provide
the delay needed to perform the two-
dimensional convolution. The row
buffers function like 8-bit serial shift
registers with a user-programmable
delay from 1 to 1024 stages (it is
possible to select delay stages of 1 or
2, but this leads to meaningless results
for a 3 x 3 kernel convolution). The
row buffer length is set via the Row
Length Register (see Row Length
Register Section). The row bulffers are
connected in series to provide the
proper pixel information to the

multiplier array. The Cascade Output
(CAS07-0) provides a 2X row delay of
the input data allowing for cascading
of LF48908s to handle larger frames
and/or kernel sizes. If more than 1024
delay stages are needed, it is possible
to use external row buffers and bypass
the internal row buffers. Bit 0 of the
Initialization Register determines if
internal or external row buffers are
used. If Bit 0 is a “0”, the internal row
buffers are used. If Bit 0 is a “1”, the
internal row buffers are bypassed and
external row buffers may be used.

3 x 3 Multiplier Array

The multiplier array comprises nine
8 x 8-bit multipliers. The active
Coefficient Register supplies the
coefficents to each of the multipliers,
while the pixel data comes from the
data input path and row buffers. The
array forms a sum-of-products result
as defined by the equation listed in
Figure 3.

CONTROL LOGIC

Four sets of registers, the ALU Micro-
code, Row Length, Initialization, and
Coefficient, define the Control Logic
section. These registers are updated

PIXEL INPUT DATA

Pt | P2 | P3
P4 | P5 | P6
P7 | P8 | P9

MULTIPLIER ARRAY OUTPUT

FILTER KERNEL

A B Cc
D E F
G H I

A(P1) + B(P2) + C(P3)
D(P4) + E(P5) + F(P6)
G(P7) + H(P8) + I(P9)

+ o+
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COEFFICIENT REGISTER 1
through the CIN bus using A2-0, CS, Row Length Register be loaded within 1024 CLK cycles. If

and LD (see Figure 4). All the Control
Logic Registers are set to their default
values when RESET is active. FRAME
does not affect the values in these
registers.

ALU Microcode Register

Operation of the ALU and shifter are
determined by the value stored in the
ALU Microcode Register. This 10-bit
instruction word is divided into two
fields. The lower seven bits define the
arithmetic and logical operations of the
ALU. The upper three bits specify shift
distance and direction. Tables 1 and 2
detail the various instruction words.
This register is loaded through CIN9-0
using the A2-0, CS, and LD controls.
Also see Arithmetic Logic Unit section.

The value stored in the Row Length
Register determines the number of
delay stages for each row buffer. The
number of delay stages should be set
equal to the row length of the input
image. The Row Length Register may
be loaded with the values 0 through
1023 (0 represents 1024 delay stages).
It is possible to program the row
buffers to have 1 or 2 delay stages, but
this will lead to meaningless results
for a 3 x 3 convolution. This register is
loaded through CIN9-0 using the A2-0,
CS, and LD controls. Once the Row
Length Register has been loaded, a
new value can not be loaded until the
LF48908 has been reset. This is done
by asserting RESET. After RESET goes
HIGH, the Row Length Register must

the Row Length Register is not loaded
within 1024 CLK cycles, the register
will automatically be loaded with a “0”.

Initialization Register

The Initialization Register configures
various functions of the device
including: input data delay, input
data format, coefficent data format,
output rounding, cascade mode, and
cascade input shift (see Table 3). This
register is loaded through CIN8-0
using the A2-0, CS, and LD controls.

Coefficient Registers - CREGo, CREG1

The Coefficient Registers are used to
store the filter coefficients for the
multiplier array. Each Coefficient
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ALU MICROCODE REGISTER ALU MICROCODE REGISTER
REGISTER BIT REGISTER BIT

9 | 8 | 7 | OPERATION 6 5 4 3 2 1 0 OPERATION

0 | 0 | O | No Shift (Default) 0 0 0 0 0 0 0 Logical (00000000)

0|0 |1 Shift Right 1 1 1 1 1 0 0 0 Logical (11111111)

0|1 0 | Shift Right 2 0 0 1 1 0 0 0 Logical (A) (Default)

0| 1| 1 | Shift Right3 0 1 0 1 0 0 0 Logical (B)

10| 0| ShiftLeft1 1 1 0 0 0 0 0 | Logical (A)

1]0 | 1] ShiftLeft2 1 0 1 0 0 0 0 | Logical (B)

1 1 0 | Shift Left 3 0 1 1 0 0 0 1 Arithmetic (A + B)

1 1 1 Not Valid 1 0 0 1 0 1 0 Arithmetic (A — B)

1 0 0 1 1 0 0 Arithmetic (B — A)

Register can hold nine 8-bit values. 0 0 0 1 0 0 0 Logical (A AND B)
This allows two different 3 x 3 filter 0 0 1 0 0 0 0 Logical (A AND B)
kernels to be stored simultaneously on o
the LF48908. The outputs of CREGo 0 ! 0 0 0 0 0 Log!cal (AANDB)
and CREGT are connected to the 0 1 1 1 0 0 0 | Logical (A OR B)
coefficient inputs of the multiplier 1 0 1 1 0 0 0 Logical (A OR B)
array (A through I).. .The regis.ter used 1 1 0 1 0 0 0 Logical (A OR B)
to supply the coefficient data is )
determined by the address written to 1 1 1 0 0 0 0 Logical (A NAND B)
the Address Decoder. If a “101” is 1 0 0 0 0 0 0 Logical (A NOR B)
written to the Address Decoder, 0 1 1 0 0 0 0 Logical (A XOR B)
CREGo will provide the coefficient )
data. If a “110” is written to the ! 0 0 ! 0 0 0 Logical (A XNOR B)

Address Decoder, CREG1 will be used.
It is possible to switch between the
two Coefficient Registers in real time.
This facilitates adaptive filtering
operations. It is important to remem-
ber to meet the tLCS timing specifica-
tion when switching the Coefficient
Registers. When a Coefficient Register
is selected to supply data to the
multiplier array (one of the registers is
always selected), all of its outputs are
enabled simultaneously. When RESET
is asserted, CREGO is the default
register selected to supply the coeffi-
cient data.

CREGO and CREGt1 are loaded
through CIN7-0 using the A2-0, CS, and
LD controls. The nine coefficient
values are presented on CIN7-0 one by
one, in order from A to I. Aseach
value is placed on CIN7-, it is latched
into the selected Coefficient Register
using CS and LD. The register to be

loaded is determined by the data on
A2-0 during the load operation. If
CREGO is to be loaded, “010” must be
placed on A2-0 during the load opera-
tion. If CREGt1 is to be loaded, “011”
must be placed on A2-0. If desired, the
Coefficient Register that is not being
used to send data to the multiplier
array can be loaded with coefficient
data while the LF48908 is in active
operation.

Address Decoder

The Address Decoder is used to load
the Control Logic Registers and to
determine which Coefficient Register
sends data to the multiplier array. To
load a Control Logic Register, the
address of the register must be placed
on A2-0, the data to be written must be
placed on the CIN bus, and CS and
LD must be asserted. The data is

latched into the addressed register
when LD goes HIGH. To select a
Coefficient Register (CREG0 or
CREG1) to send data to the multiplier
array, the appropriate address must be
placed on A2-0, and CS and LD must
be asserted. When LD goes HIGH, the
addressed register will begin supply-
ing coefficient data to the multiplier
array. Table 4 lists all of the register
addresses.

The Control Logic Registers can be
modified during active operation of
the LF48908. If this is done, it is very
important to meet the tLCS timing
specification. This is to ensure that the
outputs of the Control Logic Registers
have enough time to change before the
next rising edge of CLK. If tLCS is not
met, unexpected results may occur on
DOUT19-0 for one clock cycle. There
are two situations in which tLCS may
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be ignored. If the LF48908 is not in
active operation or if the innactive
Coefficient Register is being written to
during active operation.

Cascade Operation

The Cascade Input lines (CASI15-0)
and Cascade Output lines (CASO7-0)
are used to allow convolutions of
kernel sizes larger than 3 x 3. The
Cascade Input lines are also used to
allow convolutions on row lengths
longer than 1024 pixels. The Cascade
Mode Bit (Bit 0) of the Initialization
Register determines the function of
the Cascade Input lines. If the Cas-
cade Mode Bit is a “0”, then the
Cascade Input lines are to be used to
cascade multiple LF48908s together to
perform convolutions of larger kernel
sizes. CASI15-0 will be left shifted (by
an amount determined by bits 7 and 8
of the Initialization Register) and then
added to DOUT19-0. Cascading is
accomplished by connecting CASO7-0
and DOUT19-0 of one LF48908 to
DIN7-0 and CASI15-0 respectively of
another LF48908. If the Cascade
Mode Bit is a “1”, then the Cascade
Input lines are to be used with exter-
nal row buffers to allow for longer
row lengths. In this mode, the Cas-
cade Input lines are split into two 8-bit
data busses (CASI15-8 and CASI7-0)
which are fed directly into the multi-
plier array.

Two Dimensional Convolver

BIT FUNCTION 5 |\
0 CASCADE MODE A2-0 FUNCTION
0 Multiplier input from internal row buffers 000 Load Row Buffer Length
1 Multiplier input from external buffers Register
211 INPUT DATA DELAY 001 | Load ALU Microcode Register
0| 0] No data delay registers used 010 | Load Coefficient Register 0
0| 1| One data delay register used 011 | Load Coefficient Register 1
1] 0| Two data delay registers used 100 | Load Initialization Register
1| 1| Three data delay registers used 101 Zerlle:t;%c:fg?:g:sz;%'s‘er 0
d INPUT DATA FORMAT 110 | Select Coefficient Register 1
0 | Unsigned integer format for Internal Processing
1 | Two’s complement format 111 | No Operation
4 COEFFICIENT DATA FORMAT
0 Unsigned integer format
1 Two’s complement format
6|5 OUTPUT ROUNDING
0 | 0| No rounding
0 | 1| Round to 16 bits (i.e. DOUT19-4)
1| 0| Round to 8 bits (i.e. DOUT19-12)
1| 1| Not valid
8|7 CASI15-0 INPUT SHIFT
0 | 0| No shift
0| 1| Shift CASI15-0 left two
1| 0| Shift CASI15-0 left four
1| 1| Shift CASI15-0 left eight
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DEVICE

StOrage teMPEratUre ...........cccooi i et e —65°C to +150°C
Operating ambient temperature ... e -55°C to +125°C
Vcce supply voltage with respect to ground .............cccocieeirienrniriienr e -05Vto+7.0V
Input signal with respect 10 ground ............ccoeceriirieriinrine e e -05VtoVcc+05V
Signal applied to high impedance OUtPUL............cccceciiirere i -05VtoVcc+05V
Output cUIrent INT0 IOW OULPULS ......oueeuiiieiiieieee ettt sttt sae st se e ena et sresae b e b ne s 25 mA
LAtCRUD CUITENT ...ttt e et e e e e e s ta e e e bt e e e e saeesabeeseseesessaeeenneesaneeaansenans > 400 mA

Mode Temperature Range (Ambient) Supply Voltage

Active Operation, Commercial 0°C to +70°C 475V <Vcc<525V
Active Operation, Military -55°C to +125°C 450V <Vcc<550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage Vce = Min., lIoH = -400 nA 2.8 \
VoL Output Low Voltage Vce = Min., loL=2.0 mA 04 | V
ViH Input High Voltage 2.0 Vce | V
ViL Input Low Voltage (Note 3) 0.0 08 | V
hix Input Current Ground < VIN < VcC (Note 12) +10 | YA
loz Output Leakage Current Ground < VouT < Vcc (Note 12) +10 | pA
Icct Vcc Current, Dynamic (Notes 5, 6) 110 | mA
Icc2 Vcc Current, Quiescent (Note 7) 500 | pA
CIN Input Capacitance Ta=25°C,f=1MHz 10 | pF
Cout | Output Capacitance Ta=25°C, f=1MHz 12 | pF
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Two Dimensional Convolver

SWITCHING CHARACTERISTICS

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

LF48908—

50 31 25

Symbol Parameter Min Max Min Max Min Max

tcyc | Cycle Time 50 31 25

tPwH | Clock Pulse Width High 20 12 8 n

tPwL | Clock Pulse Width Low 20 13 8

tos Data Input Setup Time 14 13 8

tDH Data Input Hold Time 0 0

tcs CIN7-0 Setup Time 16 14 10

tcH CIN7-0 Hold Time 0 0 0

tes EALU Setup Time 14 12 10

teH EALU Hold Time 0 0 0

to Output Delay 22 16 15

tENA | Three-State Output Enable Delay (Note 11) 22 16 15

tois | Three-State Output Disable Delay (Note 11) 32 28 8

SwitcHING WAVEFORMS: CONVOLVER Data I/O

tcye

tPwL tPWH

CLK X i N

tos tDH

DIN7-0
CASI15-0

CIN7-0
(ALU REG DATA)

i

=k
=

tes tEH
EALU
. / )
) Y tois | tENA
CASO7-0 )I(
f=——1¢%D
HIGH IMPEDANCE y—
DOUT19-0 » - 4
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_Murary Oerating Ranae (55 .
LF48908-
50 37 25
Symbol Parameter Min Max Min Max Min Max
tcyc | Cycle Time 50 37 25
tpwH | Clock Pulse Width High 20 15
tpwL | Clock Pulse Width Low 20 15
tps Data Input Setup Time 17 16
toH Data Input Hold Time 0 0 0
tcs CIN7-0 Setup Time 20 17 10
tcH CIN7-0 Hold Time 0 0 0
teEs EALU Setup Time 17 15 10
teH EALU Hold Time 0 0 0
to Output Delay 28 19 15
tENA | Three-State Output Enable Delay (Note 11) 28 19 15
tois | Three-State Output Disable Delay (Note 11) 40 35 8
_Swirching Waverorms:  ConvoLver Data /O - _’
tcyc
tPwiL tPWH
CLK L Y 4 Y
I tDs tDH
o2 ——k —x
k tcs tcH
(ALU REG S/IA%(; Jl( ’)‘(
| tes teH
EALU ;l‘ ‘\l\
: [
to | F tois tENA —
CASO7-0 )I(
l——1D
DOUT19-0 ‘} w' HIGH IMPEDANCE
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LF48908—

50 31 25
Symbol Parameter Min Max Min Max Min Max

tLpw | LD Pulse Width 20 12 8
tcs | LD Setup Time (Applies only during active operation) 30 25 15
tcos | Configuration Data Setup Time 16 14 10
tcoH | Configuration Data Hold Time 0 0 0
tas Address Setup Time 13 13 10
tAH Address Hold Time 0

tcss | CS Setup Time 0 0
tcsH | CS Hold Time 0

LF48908-

50 37 25
Symbol Parameter Min Max Min Max Min Max
tLpw | LD Pulse Width 20 15 8
tLcs | LD Setup Time (Applies only during active operation) 37 30 15
tcos | Configuration Data Setup Time 20 17 10
tcoH | Configuration Data Hold Time 0 0 0
tAs Address Setup Time 15 15 10
tAH Address Hold Time 0 0 0
tcss | CS Setup Time 0 0
tcsH | CS Hold Time 0 0

tLes*

tCcDH 41

tAs

tAH 41(

\[7 tcss —=r=— tCsH “}l{

*applies only when the LF48908 is in active operation.
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LF48908-

50 31 25
Symbol Parameter Min Max Min Max Min Max
tHs HOLD Setup Time 12 11 9
tHH HOLD Hold Time 1 1 0
trew | FRAME Pulse Width 50 31 8
trs | FRAME Setup Time 25 21 20
t