@ HARRIS HSP45256

January 1994 Binary Correlator
Features Description
* Reconfigurable 256 Stage Binary Correlator The Harris HSP45256 is a high-speed, 256 tap binary
« 1-Bit Reference x 1, 2, 4, or 8-Bit Data correlator. It can be configured to perform one- or two-

dimensional correlations of selectable data precision and

* Separate Control and Reference interfaces length. Multiple HSP45256's can be cascaded for increased

* 25.6, 33MHz Versions correlation length. Unused taps can be masked out for
+ Configurable for 1-D and 2-D Operation reduced correlation length.

* Double Butfered Mask and Reference The correlation array consists of eight 32-tap stages. These
* Programmable Output Delay may be cascaded internally to compare 1, 2, 4 or 8-bit input
« Cascadable data with a 1-bit reference. Depending on the number of bits

in the input data, the length of the correlation can be up to
266, 128, 64, or 32 taps. The HSP45256 can also be
. . configured as two separate correlators with window sizes
Applications from 4 by 32 to 1 by 128 each. The mask register can be
« Radar/Sonar used to prevent any subset of the 256 bits from contributing

to the correlation score.
* Spread Spectrum Communications
¢ Pattern/Character Recognition

+ Standard Microprocessor Interface

The output of the correlation array {correlation score) feeds
the weight and sum logic, which gives added flexibility to the

* Error Correction Coding data format. In addition, an offset register is provided so that
a preprogrammed value can be added to the correlation
Ordering Information score. This result is then passed through a user programma-
ble delay stage to the cascade summer. The delay stage
TEMPERATURE simplifies the cascading of multiple correlators by
PART NUMBER RANGE PACKAGE compensating for the latency of previous correlators.
HSP45256JC-25 0°C to +70°C 84 Lead PLCC The Binary Correlator is configured by writing a set of control
HSP45256.0.33 0°C 1o 470°C 84 Load PLCC registers via a standard microprocessor interface. To simplify
operation, both the control and reference registers are
HSP45256GC-25 0°C 10 +70°C 85 Lead PGA double buffered. This allows the user to load new mask and
HSP45256GC-33 0°C 10 +70°C 85 Lead PGA reference data while the current correlation is in progress.
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Pin Description

SYMBOL

PLCC PIN NUMBER

TYPE

DESCRIPTION

Vee

16, 33, 63

The +5V powar supply pin.

GND

14,35, 55,70, 77

Ground.

DINO-7

17-24

The DINO-7 bus consists of eight single data input pins. The assignment of the active
pins is determined by the configuration. Data is loaded synchronous to the tising edge
of CLK. DINO is the LSB.

DOUTO-7

60-62, 64-68

The DOUTO-7 bus is the data output of the correlation array. The format of the output
is dependent on the window configuration and bit weighting. DOUTO is the LSB.

CLK

System clock. Positive edge triggered.

CASINO-12

CASINO-12 allows muitiple correlators to be cascaded by connecting CASOUT0-12 of
one correlator to CASING-12 of another. The CASIN bus is added intemally to the
correlation score to form CASOUT. CASINO is the LSB.

CASOUTO-12

69, 71-76,78-83

CASOUTO-12 is the output correlation score. This value is the delayed sum of all the
256 taps of one chip and CASINO-12. When the part is configured to act as two
independent correlators, CASOUTO-8 represents the correlation score for the first
correlator while the second correlation score is available on the AUXOUTO-8 bus. in
this configuration, the cascading feature is no longer an option. CASOUTO is the LSB.

OEC#

QEC# Is the output enable for CASOUT0-12. When OECH# is high, the output is three-
stated. Processing is not interrupted by this pin. (Active low.)

TXFR#

TXFR# is a synchronous clock enable signal that allows the loading of the reference
and mask inputs from the preload register to the correlation array. Data is transferred
on the rising edge of CLK while TXFR# is low. (Active low.)

DREFQ-7

25-32

DREF0-7 is an 8-bit wide data reference input. This is the input data bus used to load
the reference data. RLOAD# going active initiates the loading of the reference registers.
This input bus is used to load the reference registers of the correlation array, The man-
ner in which the referance data is loaded is determined by the window configuration. I
the window configuration is 1 x 258, the reference bits are loaded one at a time over
DREF7. When the HSP45256 is configured as an 8 x 32 array, the data is loaded into
all stages in parallel. in this case, DREF7 is the reference data for the first stage and
DREFQ is the reference data for the eighth stage. The contents of the reference data
registers are not affected by changing the window configuration. DREFO is the LSB.

RLOAD#

RLOAD# enables loading of the reference registers. Data on DREFQ-7 is loaded into
the preload registers on the rising edge of RLOAD#. This data is transferred into the
correlation array by TXFR#. (Active low.)

DCONTO-7

41-48

DCONTO-7 is the control data input, which is used to load the mask bit for each tap as
well as the configuration registers. The mask data is sequentially loaded into the eight
stages in the same manner as the reference data. DCONTO is the LSB.

CLOAD#

37

CLOAD# enables the loading of the data on DCONTO-7. The destination of this data is
controlled by AO-2. (Active low.)

AQ-2

38-40

A0-2 is a 3-bit address that determines what function will be performad when CLOAD#
is active. This address bus is set up with respect to the rising edge of the load signal,
CLOAD#. AD is the LSB.

AUXOUTO-8

50-54, 56-59

AUXOUTO-8 is a 9-bit bus that provides either the data reference output or the 9-bit
correlation score of the second corretator, depending on the configuration. When the
user programs the chip to be two separate correlators, the score of the second correla-
tor is output on this bus. When the user has programmed the chip to be one correlator,
AUXOUTO-7 represents the reference data out, with the state of AUXOUTO-8
undefined. AUXOUTO is the LSB.

OEA#

49

The OEA# signal is the output enable for the AUXOUTO-8 output. When OEA# is high,
the output is disabled. Processing is not interrupted by this pin. (Active low.)
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Functional Description

The correlation array consists of eight 32-bit stages. The first
stage receives data directly from input pin DIN7. The other
seven stages receive input data from either an external data
pin, DINO-6, or from the shift register output of the previous
stage, as determined by the Configuration Register. When
the part is configured as a single correlator the sum of corre-
lation score, offset register and cascade input appears on
CASOUTO-12. Delayed versions of the data and reference
inputs appear on DOUTO-7 and AUXOUTO-7, respectively.
The input and output multiplexers of the correlation array are
controlled together; for example, in a 1 x 256 correlation, the
input data is loaded into DIN7 and the output appears on
DOUT?. The configuration of the data bits, the length of the
correlation (and in the two- dimensional data, the number of
rows), is commonly called the correlation window.

Correlator Array

The core of the HSP45256 is the correlation array, which
consists of eight 32-tap stages. A single correlator cell con-
sists of an XNOR gate for the individual bit comparison; i.e.,
it the data and reference bits are either both high or both low,
the output of the correlator cell is high. In addition, two
latches, one for the reference and one for the control data
path are contained in this cell. These laiches are loaded
from the preload registers on the rising edge of CLK when
TXFR# is low so that the reference and mask values are
updated without interrupting data processing.

The mask function is implemented with an AND gate. When
a mask bit is a logic low, the corresponding correlator cell
output is low.
The function performed by one correlation cell is:

(Dj;n XNOR R; ;) AND M, ,

where:

D = Biti of data register n

Rin = Biti of reference register n

M;n = Biti of mask register n

The reference and mask bits are loaded sequentially, N bits
at a time, where N depends on the current configuration
(See Table 3). New reference data is loaded on the rising
edge of RLOAD# and new mask data is loaded on the rising
edge of CLOAD#. The mask and reference bits are stored
internally in shift registers, so that the mask and reference
information that was loaded most recently will be used to
process the newest data. When new information is 1oaded in,
the previous contents of the mask and reference bits are
shifted over by one sample, and the oldest information is
lost. There are no registers in the multiplexer array (Figure
1), so the data on DOUTO-7 corresponds to the data in the
last element of the correlation array. When monitoring
DOUTO-7, AUXOUTO-8, and REFOUTO-7, only those bits
listed in Table 3 are valid.

Weight and Sum Logic

The Weight and Sum Logic provides the bit weighting and
final correlator score from the eight stages of the correlation
array. For a 1 x 256 1-D configuration, the outputs of each of
the stages are given a weight of 1 and then added together.
In a 8 x 32 (8-bit data) configuration, the output of each
stage will be shifted so that the output data represents an
8-bit word, with stage seven being the MSB.

The 13-bit offset register is loaded from the control data bus.
Its output is added to the correlation score obtained from the
correlator array. This sum then goes to the programmable
delay register data input.

When the chip is configured as dual correlators, the user has
the capability of loading two different offset values for the two
correlators.

The Programmable Delay Register sets the number of pipe-
line stages between the output of the weight and sum logic
and the input of the Cascade Summer. This delay register is
used to align the output of multiple correlators in cascaded
configurations (See Applications). The number of delays is
programmable from 1 to 16, allowing for up o 16 correlators
to be cascaded. When the HSP45256 is configured as dual
correlators, the delay must be set to 0000, which specifies a
delay of 1.

Cascade Summer

This is used for cascading several correlators together. This
value on this bus represents the correlation scors from the
previous HSP45256 that will be summed with the current
score to provide the final correlation score. When several
correlators are cascaded, the CASOUTO-12 of sach of the
other correlators is connected to the CASINO-12 of the next
correlator in the chain. The CASINO-12 of the first chip is tied
low. The following function represents the correlation score
seen on CASQUTOQ-12 of each correlator:

CASOUT(n) = (W7 x CO7)(n-Delay) + (W6 x CO8){n-Delay) +
(W5 x CO5)(n-Delay) + (W4 x CO4)(n-Delay) +
(W3 x CO3)(n-Delay) + (W2 x CO2)(n-Delay) +
(W1 x CO1){n-Delay) + (WO x CO0)(n-Delay) +
Offset (n-Delay) + CASIN.

where:

COQ-CO7 are the correlation score outputs out of the

correlation stages; W0-W?7 is the weight given to each stage;

n-Delay represents the delay on the weighted and summed

correlation score through the Programmable Delay Register;

Offset is the value programmed into the Offset register;

CASIN is the cascade input.
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Control Registers TABLE 1. ADDRESS MAPPING

. . A2 | A1 | AO DESTINATION
The 3-bit address value, A0-2, is used to determine which

internal register will be loaded with the data on DCONTO-7. 0 | Mask Register

X Configuration Register
the register is loaded on the rising edge of CLOAD#. Table 1

-
o

indicates the function associated with each address. Table 2 Offset Register A-Most Significant Bits

0

The function is initiated when CLOAD# is brought low, and 0 0 1
0
0

shows the function of the bits in each of the registers. 1 1 | Offset Register A-Least Significant Bits
1 0 0 | Programmable Delay Register
1 0 1 | Offset Register B-Most Significant Bits
1 1 0 | Offset Register B-Least Significant Bits
1 1 1 | Reserved

TABLE 2. CONTROL REGISTER BITS

A0-2 = 000 Mask Register

MR7 JMHS IMR5 l MR4 I MR3 | MR2 | MR1 | MRO

MRO-7: Mask Register. When mask register bit N = 1, the corresponding reference register bit is enabled. Mask register data is loaded from
the DCONTO-7 bus into a holding register on the rising edge of CLOAD# and is written to the mask register on the rising edge of TXFR#.

A0-2 = 001 Configuration Register

- | ] ITC I CONFIG4 I CONFIG3 | CONFIG2 | CONFIG1 |CONFIGO

TC: Configures correlator for two’s complement input. Inverts the MSB of the input data, where the position of the MSB depends on the
current configuration.

CONFIG4: The state of CONFIG4 sets up the HSP45256 as either one or two correlators. When CONFIG4 = 0, the HSP45256 is configured
as one correlator with the correlation score available on CASOUTO0-12. When CONFIG4 = 1, the HSP45256 is configured as dual correlators
with the first correlator’s score available on CASOUT0-8 and the second score available on AUXQUT0-8. When the chip is configured as
dual correlators, the Programmable Daelay must be set to 0000 for a delay of 1.

CONFIG2-3: Control the number of data bits to be correlated. See Table 3.

CONFIGO-1: CONFIG1 and CONFIGO represent the length of the correlation window as indicated in Table 3.

A0-2 = 010 MS Offset Register A

- | . | ] | OFFA12 IOFFM 1 |OFFA10 | OFFA9 I OFFAS

OFFAB-12: Most significant bits of Offset Register A. This is the register used in single correlator modse.

A0-2 = 011 LS Offset Register A

OFFA7 | OFFAG I OFFAS | OFFA4 | OFFA3 | OFFA2 I OFFA1 | OFFAQ

OFFAQ-7: Least significant bits of Offset Register A.

A0-2 = 100 Programmable Delay

; ] . | . T ; l PDELAY3 | PDELAY2 | PDELAY1 l PDELAYO

PDELAYOQ-3: Controls amount of delay from the weight and sum logic to the cascade summer. The number of delays is 1-16, with PDELAY
= 0000 corrasponding to a delay of 1 and PDELAY = 1111 corresponding to a delay of 16.

A0-2 = 101 MS Offset Reglster B

1 - T T T [ -~ [ - Joew

OFFB8: Most significant bit of Offset Register B. In dual correlator mode, this register is used for the correlator whose output appears on
the AUXOUT pins.

A0-2 = 110 LS Offset Register B

OFFB7 | OFFB6 IOFFBS l OFFB4 I OFFB3 I OFFB2 | OFFB1 | OFFBO

QFFBO0-7: Least significant bits of Offset Register B.
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TABLE 3. CONFIGURATION SETUP

CONFIGURATION NO. ACTIVE INPUTS ACTIVE OUTPUTS OUTPUT WEIGHTING
OF
CORRE- | DATA CORRE-
3 2 1 LATORS | BITS | ROWS | LENGTH | LATOR | DIN DREF DOUT | AUXoUT |cAsouT | cor | coe | cos | coa | cos | coz | cot | coo
0 0 0 1 1 1 256 - 7 7 7 7 12-0 1 1 1 1 1 1 1 1
0 0 0 1 1 2 128 - 7.3 7.3 7,3 7,3 12:0 1 1 1 1 1 1 1 1
0 0 1 1 1 4 64 - 7,531|7.531] 7,531 | 7.53,1 12-0 1 1 1 1 1 1 1 1
0 0 1 1 1 8 a2 . 70 7-0 7-0 70 12-0 1 1 1 1 1 1 1 1
0 1 0 1 2 1 128 - 7,3 7 7,3 7,3 12-0 2 2 2 2 1 1 1 1
0 1 1 1 2 2 64 - 7,531 7.5 7,531 | 7,531 12-0 2 2 2 2 1 1 1 1
0 1 1 1 2 4 22 - 70 |7.654 7-0 7-0 120 2 2 2 2 1 1 1 1
1 0 1 1 4 1 64 - 7,5,3,1 7 7.531 | 7.5,3,1 12-0 8 8 2 2 4 4 1 1
1 0 1 1 4 2 a2 - 70 7.6 70 70 12:0 8 8 2 2 a 4 1 1
1 1 1 1 8 1 a2 7-0 7 70 70 120 J128| 8 | 22 4 {e6a | 2 16 1
0 0 0 2 1 1 128 A 7 7 7 - 12-0 1 1 1 1 - . - -
B 3 3 3 8-0 - - - - - 1 1 1 1
0 0 1 2 1 2 64 A 7.5 7.5 7,5 - 12-0 1 1 1 1 - - - -
B 3,1 3,1 31 8-0 - - - - - 1 1 1 1
0 0 1 2 1 4 32 A 7-4 7-4 74 . 12:0 1 1 1 1 . - - -
8 3-0 30 30 80 - - - - - 1 1 1 1
0 1 1 2 2 1 64 A 7.5 7 7,5 - 120 2| 2 1 1 - . - .
B 3.1 3 3,1 80 - - - - . 2 2 1 1
0 1 1 2 2 2 32 A 7-4 7,6 74 - 12-0 2 2 1 1 - - - -
B 30 3,2 30 80 - - - - - 2 2 1 1
1 0 1 2 4 1 a2 A 74 7 74 - 12-0 s | 2 4 1 - - - -
B 3-0 3 30 80 - - - - - 8 2 4 1
SPECIAL
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During reference register loading, the 8-bits, DREF0-7 are
used as reference data inputs. The falling edge of RLOAD#
initiates reference data loading; when RLOAD# returns high,
the data on DREFO-7 is latched into the selected correlation
stages. The active bits on DREF0-7 are controlled by the
current configuration.

The window configuration is determined by the state of con-
trol signals upon programming the control register. Table 3
represents the programming information required for each
window configuration. In Table 3, note that the data listed for
Output Weighting refers to the weights given to each of the
Correlation Sum Outputs (CO0-7 in Figure 1).

During initialization, the loading configuration for the refer-
ence data is set by the user. Table 3 shows the loading
options. These load controls specify whether the reference
data for a given stage comes from the shitt register output of

Single HSP45256 ~ 8-Bit Data, 32 Samples

An 8 x 32 correlation also requires only 1 HSP45256. To ini-
tialize the correlator, all the reference bits, control bits, the
value of the programmable delay, and the window configura-
tion must be specified.

Again, the loading of the reference and mask registers can
be done simultaneously. Due to the programming initializa-
tion, DREFO0-7 are used to load the reference data 8-bits ata
time. It will take 32 load pulses each of RLOAD# and
CLOAD# to load both arrays. Upon completion of the mask
and register loading, TXFR# is pulsed low, which transfers
the reference and control data from the preload registers to
the registers that store the active data.

TABLE 5. REGISTER LOADING FOR 8 X 32 CORRELATOR
WITH BINARY WEIGHTING

the previous stage or from an external data pin. A0-2 | DCONTO-7 NOTES
Applications 001 | 00001111 | 1 256-tap correlator; 8 x 32 window configu-
. ration, B-bit data stream; reference register
Single HSP45256 - 1-Bit Data, 256 Samples is loaded from DREF?7 for all stages. Corre-
" . . " =(12 84 x CO3) + (32
A 1 x 256 (1-D configuration) correlation requires only 1 fg’éxfzegcﬁ)’;fﬂ?;éos’; N (4)()5&)
HSP45256. To initialize the correlator, all the reference bits, +(2x CO2) + GO0
control bits, the delay value of the variable delay, and the -
window configuration must be specified. 010 | 00000000 | Offset Register A = 0000000010000
011 00010000
TABLE 4. REGISTER CONTENTS FOR 1 X 256 CORRELATOR
WITH EQUAL WEIGHTING 100 | 00000000 | Programmable Delay = 0
A0-2 | DCONTO-7 NOTES 101 00000000 | Offset Register B = 0 (L.oading optional in
this mode.
001 00000000 | 1 256-tap correlator: 1 x 256 window 110 | 00000000 )
configuration, reference loaded from - - - - -
DREF7, eight stages waeighted equally, This configuration performs correlation of an 8-bit number
DIN 7 and DOUTY are the data input with a 1-bit reference. Each byte out of the correlation array
and output, respectively. gives an 8-bit level of confidence that the data corresponds
010 | 00000000 | Offset Register A =0 to th'e reference. The correlation score is the sum of these
confidence levels.
o011 00000000
Single HSP45256 — Dual Correlators, 2-Bit Data,
100 00000000 | Programmable Delay = 0 64 Samples
101 | D0GO0OOO | Offset Register B = 0 (Loading of this [ Dyaj 2 x 64 correlators require only one HSP45256. To ini-
110 | oooooooo | edister optional in this mode.) tialize the correlator, all the reference bits, control bits, the

The loading of the reference and mask registers may be
done simultaneously by setting A0-2 = 000, setting the
DREF and DCONT inputs to their proper values and pulsing
RLOAD# and CLOAD# low. In this configuration, DREF7
loads the reference data and DCONT?Y loads the mask infor-
mation; both sets of data are loaded serially. It will take 256
load pulses (RLOAD#) to load the reference array, and 256
CLOAD# pulses to load the mask array. Upon completion of
the mask and register loading, TXFR# is pulsed low, which
transfers the reference and control data from the preload
registers to the reference and mask registers, updating the
data that will be used in the correlation. Reference and mask
data can be loaded more quickly by configuring the correla-
tor as an 8 row by 32 sample array, loading the bits eight at a
time, then changing the configuration back to 1 x 256 to per-
form the correlation.

delay value of the variable delay, and the window configura-
tion must be specified.

In this example, each of the dual correlators compares 2-bit
data to a 1-bit reference. It will take 64 load pulses
(RLOAD#/CLOAD#) to completely load the reference and
mask registers in the array. The programmable delay must
be set to O for the output of the two correlators to be aligned.
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TABLE 6. REGISTER LOADING FOR DUAL 2 X 64
CORRELATORS WITH EQUAL WEIGHTING

AO-2 DCONTO-7 NOTES

001 00010010 Dual correlators: each 2 bit data, 64
taps; refersnce register for correlation
A is loaded from DREF7 and DREF5,
the reference register for correlator Bis
loaded from DREF3 and DREF1. Cor-
relator #1 =2x C07 +2x CO6 +CO5 +
CO4, correlator #2 =2 x CO3 +2x CO2
+CO1 + CO0.

010 00000000 | Offset Register A = 0000000010000
011 00010000
100 00000000 Programmable Delay = 0
101 00000000 Offset Register B = 0

110 00000000

Cascading Correlators

Correlators can be cascaded in either a serial or paraliel
fashion. Longer correlations can be achieved by connecting
several correlators together as shown in Figure 2. Each corr-
elator is in a one data bit, one row, 256 tap configuration.
The number of bits of significance at the CASQUT output of
each correlator builds up from one correlation to the next,

DATA INPUT

that is, the maximum score out of the first correlator is 256,
the maximum output of the second correlator is 512, efc. In
this configuration, the maximum length of the correlation is
4096. This would be implemented with 16 HSP45256’s. The
programmable delay register in the first correlator would be
set for one delay, the second would be set for two, and so on,
with the final HSP45256 being set for a delay of 16.

Correlations of more bits can be calculated by connecting
CASOUT of each chip to the CASIN of the following chip
(Figure 3). The data on the CASOUT lines accumulates in a
similar manner as in the 1 x 256 mode, except that the
maximum output of the first correlator is decimal 960, (hexa-
decimal 3CO0); in the general case, the maximum number of
correlators that can be cascaded in this manner is eight,
since the maximum output of the last one would be 1EQOQ,
which nearly uses up the 13-bit range of the cascade
summer. More parts could be cascaded together if some bits
are to be masked out or if the user has a prior knowledge of
the maximum value of the correlation score. As before, the
delay in the first correlator would be set to one, the second
correlator would be set for a delay of two, and so on.

Multiple HSP45256's can be cascaded for two dimensional
one bit data (Figure 4). The maximum output for each chip is
the same as in the 1 x 256 case; the only difference is in the
manner in which the correlators are connected. The pro-
grammable delay registers would be set as before.

l—’ DiIN? DOUT? "] DIN? DouUT?

DIN7 DOUT? [ DIN? oouT?

CASINO-12 CASOUTO-12 [ CASINO-12 CASOUTO-12 1

r CASINO-12 CASOQUTOQ-12 =] CASINO-12 CASOUTO-12 ™

CORRELATOR
SCORE
OUTPUT

FIGURE 2. 1 BIT, 1024 SAMPLE CONFIGURATION

DATA INPUT

DIN7,5,3,1 DOUT7,5,3,1 "] DIN7,5,3,1 DOUT?7,5,3,1 [

DIN7,5,3,1 DOUT7,5,3,1 ] DIN7,5,3,1 DOUT?7,5,3,1

CASINO-12 CASOUTO0-12 ] CASINO-12 CASOUT0-12 l

J-—' CASINOG-12 CASOUTO0-12 [—=] CASINO-12 CASOUTO-12 ™

CORRELATOR
SCORE
OUTPUT

FIGURE 3. 4 BIT, 256 SAMPLE CONFIGURATION

DATA INPUT DATA INPUT DATA INPUT DATA INPUT
ROWS0-7 ROWS 8 -15 ROWS 16-23 ROWS 24 - 31
L DINO-7 DINO-7 DiNO-7 L DINO-7
__E- CASING-12 CASOUTO-12 CASING-12 CASOUT(0-12 ™ CASIND-12 CASOUT0-12 [ CASING-12 CASOUTO-12 ‘
- CORRELATOR
SCORE
OUTPUT

FIGURE 4. 1 BIT, 32 X 32 Wil

INDOW CONFIGURATION
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HSP45256

Reloading Data During Operation

RLOAD# and CLOAD# are asynchronous signals that are
designed to be driven by the memory interface signals of a
microprocessor. TXFR# is synchronized to CLK so that the
mask or reference data is updated on a specific clock cycle.
In the normal mode of operation, the user loads the
reference and mask memories, then pulses TXFR# to use
that data. The correlator uses the new mask or reference
information immediately. Loading of the reference and mask
data remains asynchronous as long as there is at least one
cycle of CLK between the rising edge of RLOAD# or
CLOAD# and the TXFR# pulse.

It the system timing makes it necessary for TXFR# and
RLOAD# and/or CLOAD¥ to be active during the same clock
cycle, then they must be treated as synchronous signals; the
timing for this case is shown in Figure 5 and given in the AC
Timing Specifications (Tryg, and Tgy ). In this example,
data is loaded during clock cycle 1 and transferred on the
rising edge of CLK that occurs in clock cycle two. Another
set of data is loaded during clock cycle 2, which will be
transferred by a later TXFR# pulse. The sequence of events
is as follows:

1. Inclock cycle 1, TXFR# becomes active at least Tty nano-
seconds after the rising edge of CLK.

2. RLOAD and/or CLOAD# pulses low; the timing is not
critical as long as its rising edge occurs before the end of
clock cycle 1. ¥ this condition is not met, it is undetermined
whether the data loaded by this pulse will be transferred
by the current TXFR# pulse.

3. The rising edge of TXFR# occurs while CLK is high during
clock cycle 2. The margin between the rising edge of
TXFRi# and the falling edge of CLK is defined by Tycy.

4. RLOAD# and/or CLOAD# pulses low. The rising edge of
RLOAD# and CLOAD# must occur after the falling edge of
CLK. The margin between the two is defined by Ty 1.

The time from the rising edge of TXFR# to the falling edge of
CLK must be greater than Tryg, and the time from the fall-
ing edge of CLK to the rising edge of RLOAD# or CLOAD#
must be greater than Tg. If this timing is violated, the data
being transferred by the TXFR# pulse shown may or may not
include the data loaded in clock cycle 2.

CLOCKCYCLE 2

.

CLOCK CYCLE 1
CLK
TXFR#
RLOAD#,
crose _\_/D

FIGURE 5. LOADING AND TRANSFERRING DATA DURING THE SAME CLOCK CYCLE




Specifications HSP45256

Absolute Maximum Ratings

SupplyVoltage . . .......ovii it +8.0v  Thermal Resistance A 8¢

Input, Output or YO Voltage .. ........... GND-0.5V to V¢ c+0.5V PLCCPackage .............covuun. 34°C/W  11.3°CW

Storage Temperature Range ................. -65°C o +150°C PGAPackage .........ccovueninnen 36°C/W  10°CW

Junction Temperature. .. ........ +150°C (PLCC), +175°C (PGA) Maximum Package Power Dissipation at +125°C

Lead Temperature (Soldering 108). . ..........ovvunnn +300°C PLOCCPACKAGO ..« ovveetreeeiiinanacinneiainens 2.2W

ESD Classification ............cciiiiiieniiiineenn Class 1 PGAPACKAgE ......civviirirrrennanninreriennnes 28W
Gate CoUNt . .....ivi et 13,000 Gates

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating Voltage Range. . .. ............... +4.75V to +5.25V  Operating Temperature Range .. . ............... 0°C to +70°C

DC Electrical Specifications

PARAMETER SYMBOL | MIN MAX | UNITS TEST CONDITIONS
Logical One Input Voltage Viy 20 - Vv Vee = 5.25V
Logical Zero Input Voltage ViL - 0.8 v Voo = 4.75V
High Level Clock Input Vine 3.0 - v Voo = 5.25V
Low Level Clock Input Vie - 0.8 v Vee = 4.75V
Output High Voltage Vou 2.6 - \ loy = 400pA, Ve = 4.75V
Qutput Low Voltage Voo - 0.4 v loL = +2.0mA, Ve = 4.75V
Input Leakage Current I -10 10 HA Vin = Vgg or GND, Ve = 525V
Qutput Leakage Current [ -10 10 A Vout = Ve of GND, Vg = 5.25V
Standby Power Supply Current lcess - 500 HA ViN = Ve OF GND, Ve = 5.25V, Note 3
Operating Power Supply Current lccop - 179 mA f=26.6MHz, Viy = Vg of GND, Ve = 5.25V,

Note 1, Note 3

Capacitance (T, = 25°C, Note 2)

PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Input Capacitance Cin - 10 pF Frequency = 1MHz, V¢ = Open
All measurements are referenced to device ground.
QOutput Capacitance Co - 10 pF
NOTES:

1. Power supply current is proportional to operating frequency. Typical rating for ICCOP is 7mA/MHz.
2. Not tested, but characterized at initial design and at major process/design changes.
3. Output ioad per test load circuit and C| = 40pF.
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Specifications HSP45256

AC Electrical Specifications (Vec = 5.0V 5%, Ty = 0°C to +70°C, Note 1)

33MHz 25.6MHz
PARAMETER SYMBOL MIN MAX MIN MAX [ UNITS TEST CONDITIONS
CLK Period Tep 30 - 39 - ns
CLK High Ten 12 - 15 - ns
CLK Low TeL 12 - 15 - ns
Set-Up Time DIN to CLK High Tos 12 - 13 - ns
Hold Time CLK High to DIN ToH 0 - 0 - ns
TXFR# Set-Up Time Ts 12 - 13 - ns
TXFR# Hold Time Trh 0 - 0 - ns
Qutput Delay DOUT, AUXOUT, CASOUT Too - 15 - 20 ns
CLOAD# Cycle Time Tewe 30 - 39 - ns
CLOAD# High Totu 12 - 15 - ns
CLOAD# Low Tew 12 - 15 - ns
Set-Up Time, A to RLOAD#, CLOAD# Tas 12 - 13 - ns
Hold Time, RLOAD#, CLOAD# to A Tan b} - 0 - ns
RLOAD# Cycle Time Tae 30 - 39 - ns
RLOAD# High M 12 - 15 - ns
RLOAD# Low Taw 12 - 15 - ns
Set-Up Time, DCONT to CLOAD# Tpes 12 - 13 - ns
Hold Time, CLOAD# to DCONT TocH 0 - 0 - ns
Set-Up Time, DREF to RLOAD# Tps 12 - 13 - ns
Hoid Time, RLOAD# to DREF Tau 0 - 0 - ns
Output Enable Time Toe - 15 - 15 ns
Output Disable Time Too - 15 - 15 ns Note 2
Output Rise, Fall Time Tae - 6 6 ns Note 2
TXFR# High to CLK Low TrHoL 3 - 3 - ns Note 2
CLK Low to RLOAD#, CLOAD# High TeLH 1 - 1 - ns Note 2

NOTES:

1. AC testing is performed as follows: Input levels (CLK Input) 4.0V and QV; Input levels (all other inputs) OV and 3.0V; Timing reference
levels (CLK) 2.0V; All others 1.5V. Output load per test load circuit with C; = 40pF. Output transition is measured at Vo, > 1.5V and
VoL < 1.6V,

2. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major process and/or
design changes.

Test Load Circuit

$1
puUT D—To/o_
*CL :[

10H 1.5v oL

* INCLUDES STRAY

|||-O

AND JIG = =
CAPACITANCE
EQUIVALENT CIRCUIT

SWITCH S1 OPEN FOR Igcsg AND Igcop TEST
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Timing Waveforms

Tee
Ten TeL
y
CLK 2 h F \
I‘r‘,.s Tou Teic
Teun TelL
DINO-7 X ‘
CLOAD# P Y -
Trs| Tm T1s
et 'TAS Tan
e\ v
A0-2
Too Tes| Ten
—b‘ L
DOUTO-7
CASOUTO-12, X DCONTO-7
AUXOUTO-8
INPUT, OUTPUT TIMING CONTROL INPUT TIMING
O
OEA#,
#, OEC# Ton To
T, > n
AL AUXOUTO-8 17V
TaLL TRLH CASOUTO-12 1.3V
DLOAD# !K # X /
|TA5 Tan
o2 XX
Trs | ThH i |- T, Tp
\ DOUTO-7,
CASOUTO0-12, 0.8y J 2.0V
DREF0-7 4 AUXOUTO-8
REFERENCE INPUT TIMING OUTPUT TIMING
TTHCL —]
|— TeLLn

axeed NS

TXFR# \ “l
RLOAD#, \ -
CLOAD#

11

TRANSFER, LOAD TIMING WHEN BOTH OCCUR ON A SINGLE CYCLE
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