64-bit Digital Correlator L10C23

| FEATURES

| | DESCRIPTION

1 High Speed (50 MHz), Low Power
(125 mW), CMOS 64-bit Digital
Correlator

Q Functionally and Pin Compatible
with TRW TDC1023]

 Bits Can be Selectively Masked

Q Three-State Outputs

 Available 100% Screended to MIL-
STD-883, Class B

O Package Styles Available:

* 24-pin Plastic DIP
¢ 24-pin Sidebraze, Hermetic DIP
¢ 28-pin Ceramic LCC (Type C)

The L10C23 is a high speed CMOS
64-bit digital correlator. It is pin-for-
pin equivalent to the TDC1023 bi-
polar correlator. The L10C23 operates
over the full military ambient tem-
perature range using advanced CMOS
technology.

The L10C23 produces the 7-bit corre-
lation score of two input words of up
to 64 bits, denoted A and B. The A and
B inputs are serially shifted into two
independently clocked 64-bit regis-
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ters. The A register is clocked on the
rising edge of CLK A, and the B regis-
ter is clocked on the rising edge of
CLK B.

The outputs of the B register drive a
64-bit transparent latch, denoted the
C latch. The C latch is controlled by
the LCL (Load C Latch) input. A high
level on the LCL input causes the

C latch to be transparent, allowing the
contents of the B register to be applied
directly to the correlator array. When
the LCL input is low, the data in the
C latch is held, so that the B input may
be loaded with a new correlation ref-
erence without affecting the current
reference value stored in C.

Each bit in the A register is exclusive
NOR’ed with the corresponding bit in
the C latch, implementing a single bit
multiplication at each bit position.

The mask register, denoted by M, is a
third 64-bit register, which is serially
loaded from the M input on the rising
edge of CLK M. Bit positions in the

M register which are set to zero mask
the corresponding bits in the A and C
registers from participating in the
correlation score. This can be used to
reduce the effective length of the cor-
relation, or to correlate against only
one channel of a bit-multiplexed data-
stream without deinterleaving the
data.

The output of the masking process is a
64-bit vector which contains ones in
the locations in which A and B data
match, and which are unmasked

(M register contains a '1'). This 64-bit
vector is applied to a pipelined digital
summer which calculates the total
number of ones in the vector (the cor-
relation score). The summer network
contains three pipeline stages, which
are clocked on the rising edge of

CLK S. Calculation of a correlation
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64-bit Digital Correlator

L10C23

score therefore requires three clock
cycies, but a new result can be ob-
tained on each cycle once the pipeline
is filled.

Because a portion of the summer logic
is located between the input registers
and the first pipeline register, some
timing restrictions exist between

CLK Sand CLK A, CLK B, or CLK M.
CLK S may be tied to an input clock
(usually CLK A) to obtain a continu-
ously updated correlation score,
delayed by three cycles from the data.
Under this condition, CLK S may be
skewed later than CLK A by no more
than 5K to assure that the A register
outputs have not changed before the
S clock occurs.

Alternatively, CLK S may be asyncro-
nous to the input clocks, as long as
data is stable at the pipeline register
inputs prior to the CLK S rising edge.
This condition can be met by assuring
that CLK S occurs at least trs after the
input clock.

The summer output represents a
count of the number of matching
positions in the input data streams.
This 7-bit result can be inverted
(one’s-complemented) by loading
a '1"into the INV register.

Correlation values which exceed a
predetermined threshold can be
detected via the Threshold register

e e —— ——

and Comparator. The Threshold reg-
ister is loaded with a 7-bit value via
the R6-Ro pins at the rising edge of
CLK C and while OE is logic high. To
achieve synchronization with the dig-
ital summer, the Threshold register
contents are fed into pipcline registers
clocked by CLK S. The compare flag
output (CFL) goes high when the
summer output is equal to or greater
than the contents of the Threshold
register.

Cascading the L10C23 devices for
longer correlation lengths and more
bits of reference or data precision is
easily accomplished. The A, B, and M
registers have serial outputs to dir-
ectly drive the corresponding inputs
of succeeding devices. The correlation
scores of multiple devices in such a
system should be added together to
obtain the overall correlation score.

Correlation on data exceeding one bit
of precision can be accomplished by
first calculating single-bit correlation
scores at each bit position, then
adding the results after weighting
them appropriately. Thus, one L10C23
would be used for each bit of preci-
sion in the data.

Logic Devices” L4C381 16-bit ALU can
be used to assist in adding the outputs
of several L10C23 correlators. When

adding several 7-bit correlation scores,

advantage can be taken of the fact that
the sum of two 7-bit numbers will not
exceed 8 bits. Thus the L4C381 can
simultaneously perform two 7-bit
additions. The first two operands are
applied to As-A0 and B6-Bo, with the
result appearing on F7-Fo. The second
pair of operands are applied to
A14-A8 and B14-Bs, with the result
appearing in F15-F8. The unused
inputs are tied to ground. If it can be
guaranteed that at least one of the
input scores will not reach its maxi-
mum value of 64, then this technique
can also be applied in the second tier
of adders. In this case, while the in-
puts have 8 bits of precision, the max-
imum value their sum can assume is
255, which is expressable in 8 bits.

Alternatively, when performing long
correlations on relatively slow data-
streams, one L4C381 can be config-
ured using its feedback mode to accu-
mulate the correlation scores of a
number of L10C23s. To accomplish
this, the outputs of all the correlators
are Hed together on a three-state bus.
Each one is sequentially enabled and
clocked into the 14C381, which
accumulates the total resulting score.
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64-bit Digital Correlator L10C23

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

Storage teMPEratUre ........c.cccciiiieeeiiiiee et ner s st s sas e n e s e s b seatesesabaees —65°C to +150°C
Operating ambient t8MPETAIUTE ..........ccovveecerrtnre ittt bt s rer e e -55°C to +125°C
Vcce supply voltage with respect to ground ... ...—05Vio +7.0V
Input signal with respect 1o grouNd ........c.cccceciriiiii s e s e -3.0Vto+70V
Signal applied to high impedance QUPUL ... e —-3.0Vtc+7.0V
Output current iNt0 10W OUEPULS ....ooiiiiiiiieiiii st e et et e 25 mA

Latchup current

OreraTING CONDITIONS To mest 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

ELecTRICAL CHARACTERISTICS Over Operating Conditions

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH Output High Voltage IoH = 2.0 mA 35 \
VoL OutputLow Voltag;a loL = 4.0 mAV » o 05| V
ViH Input High Voltage ) N 2.0 vce Vv
viL In;;ul Low Voltage (h};é 3) o 0.8 \
lix Input Current Ground < VINS VCC +20 | pA
loz Output Leakage Current | Ground < VOUT € VGG 120 | pA
los Output Short Current Vour = Ground, VcC = Max (Notes 4, 8) -250 | mA
lcct Vcc Current, Dynamic (Notes 5, 6) " 25 100 | mA
Icc2 VYcce Current, Quiescent {Note 7) 05| mA
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64-bit Digital Correlator

L10C23

[ SWITCHING CHARACTERISTICS

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

L10C23-
50 30 20

Symbol Parameter Min Max Min Max Min Max
tPaBM | A, B, M Clock Period 50 28 20 -

ts Input Data Setup Time 20 - 10 10

tH Input Data Hold Time 0 0 0

trw A, B, M, S, C Clock Pulse Width 20 12 8

toaeM | A, B, M Clock to A, B, M Out 25 20 ) 18

trs S Clock Period, A, B, M Clock to S Clock Delay 50 28 20

tsk A, B, M Clock to S Clock Skew (Note 8) 3 3 3

tOR S Clock to Re—Ro 35 30 22
[toc | S Clock to CFL 25 20 18
tois Output Disable Time (Note 11) 35 16 14

tENA | Output Enable Time (Note 11) 30 18 16

tcs Clock C to Clock S 50 28 20

teLcL | Clock B to LCL Hold 20 12 8 o

MiLITARY OPERATING RANGE (—-55°C to +125°C) Notes 9, 10 (ns)

L10C23-
60 35 20

Symbol Parameter Min Meax Min Max Min Max
traBM | A, B, M Clock Period 58 33 20

ts Input Data Setup Time 22 12 12

tH Input Data Hold Time 0 0 0

trw A, B, M, S, C Clock Pulse Width 20 14 8

tDABM | A, B, M Clock to A, B, M Out - 30 23 18
tPs S Clock Period, A, B, M Clock to S Clock Delay 58 33 20

tsk A, B, M Clock to S Clock Skew (Note 8) 3 3 3
tOR S Clock to Re—Ro 40 35 25
toc S Clock to CFL 30 23 18
tois | Output Disable Time (Note 11) o 40 18 16
fENA Output Enable Time (Note 11) 35 20 18

tcs Clock C to Clock S 58 33 20

teLcL | Clock B to LCL Hold 20 14 8
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64-bit Digital Correlator L10C23

SwiTcHING WAVEFORMS
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INOTES

|

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
designed to protect the chip from dam-
aging substrate injection currents and
accumulations 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
vce will be clamped beginning at
~0.6 Vand Vcc + 0.6 V. The device can
withstand indefinite operation with
inputs in the range of -3.0 Vto +7.0 V.
Device operation will not be adversely
affected, however, input current levels
will be well in excess of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated by:
NCV?F
4

where

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

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 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 tested with input
transition times less than 3 ns, output
reference levels of 1.5 V (except tEN/
tDIs test) and input levels of nominally
0t03.0V. Output loading is a resistive
divider which provides for specified
IoL and IoH plus 30 pF capacitance.

This device has high speed outputs
capable 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. 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
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 spe-
cified as a minimum since the external
system must supply at least that much
time to meet the worst-case require-
ments 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.
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64-bit Digital Correlator L10C23

ORDERING INFORMATION
24-pin 24-pin 28-pin
(0.3" wide) (0.6" wide)
A4 J
vee {J1 2a[] ClkB vee [ 24 [] CLkB L L22s
MiN (]2 23[] CLKM Min (]2 23] CLKM 2355334
AIN[]3s 22[]Clka A (]3 221 Clk A Y
BN []a 2117 LCL BIN []a 21 [] LCL LcL
CLKC [J5  20[] Mourt cke []s 20 [ MouT MouT
CLK S Ee. 19t Aout CLK S g 6 190 Aour Top Aout
INV []7 18[] Bout NV {47 18 B B ouT View Bour
oe[Js 17 CFL oE []s 17 [0 cFL ' CFL
re [Js  16[] GND re (]9 16 B GND GND
Rs (10 15{3 Ro Rs [] 10 15 |1 Ro 712 314 1516 1 GNO
Haén 1] R Ra [} 11 141 Ry
R3 [J12 13[] R2 Ry [ 12 13l Re

Plastic DIP Sidebraze Plastic DIP Sidebraze Ceramic Leadless
Speed (P2) Hermetic DIP (D2) (P1) Hermetic DIP (D1) Chip Carrier (K1)
0°C 10 +70°C — COMMERCIAL SCREENING
50 ns L10C23NC50 L10C23HC50 L10C23PC50 L10C23DC50 L10C23KCS0
30 ns L} " 30 - L} 30 - - 30 " - 30 » - 30
20ns ot 2 * T 20 A ] "ot 20 - 20
~55°C 10 +125°C — COMMERCIAL SCREENING
60 ns L10C23HM60 L10C23DM60 L10C23KM60
a5 ns = = 35 ot 35 =+ 35
20ns . - 20 " - 20 " " 20
=55°C 10 +125°C — Extenpep Screenng
60 ns L10C23HMES60 L10C23DMESO L10C23KME6G0
30 ns " *as " " 35 " “ 35
20ns . " 20 - =20 - - 20
~55°C to +125°C — MIL-STD-883 CompLianT
60 ns L10C23HMB60 L10C23DMB60 L10C23KMB60
30ns . " 35 - * 35 . * 35
20 ns . = 20 - © 20 . " 20
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