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Features

* NCO and CMAC on One Chip

¢ 15MHz, 25.6MHz, 33MHz Versions

+ 32-Bit Frequency Control

* 16-Bit Phase Modulation

* 16-Bit CMAC

* 0.008Hz Tuning Resolution at 33MHz

¢ Spurious Frequency Components < -90dBc
¢ Fully Static CMOS

Applications

* Frequency Synthesis

¢ Modulation - AM, FM, PSK, FSK, QAM
+ Demodulation, PLL

¢ Phase Shifter

¢ Polar to Cartesian Conversions

Ordering Information

Description

The Harris HSP45116 combines a high performance
quadrature numerically controlled oscillator (NCO) and a
high speed 16-bit Complex Multiplier/Accumulator (CMAC)
on a single IC. This combination of functions allows a com-
plex vector to be multiplied by the interally generated (cos,
sin) vector for quadrature modulation and demodulation. As
shown in the block diagram, the HSP45116 is divided into
three main sections. The Phase/Frequency Control Section
(PFCS) and the Sine/Cosine Secfion together form a com-
plex NCO. The CMAC multiplies the output of the Sine/
Cosine Section with an external complex vector.

The inputs to the Phase/Frequency Control Section consist
of a microprocessor interface and individual control lines.
The phase resolution of the PFCS is 32-bits, which results in
frequency resolution better than 0.008Hz at 33MHz.The out-
put of the PFCS is the argument of the sine and cosine. The
spurious free dynamic range of the complex sinusoid is
greater than S0dBc.

The output vector from the Sine/Cosine Section is one of the
inputs to the Complex Multiplier/Accumulator. The CMAC
multiplies this (cos, sin) vector by an external complex vector

TEMPERATURE and can accumulate the result. The resulting complex vectors
PART NUMBER RANGE PACKAGE are available through two 20-bit output ports which maintain
HSP45116VC-15 0°C to +70°C | 160 Lead MGFP the 90dB spectral purity. This result can be accumulated inter-
HSPA5116VC 25 0°C 1o :70°C 1160 Load MQFP nally to implement an accumulate and dump filter.
HSP45116VC-33 0°C to +70°C | 160 Lead MQFP A quadrature down converter can be implemented by load-
HSPA5116GC15 C 1o 3700 ” ing a center frequency into the Phase/Frequency Control
— o+ DC 5 Lead PGA Section. The signal to be downconverted is the Vector Input
HSP45116GC-25 0°C1to 470°C | 145 Lead PGA of the CMAC, which multiplies the data by the rotating vector
HSP45116GC-33 0°Cto +70°C | 145 Lead PGA from the Sine/Cosine Section. The resulting complex output
HSP45116TM-15 55°C to +125°C | 156 Lead TAB is the down converted signal.
HSP45116TM-25 -55°C to +125°C | 156 Lead TAB The pinout for the TAB package can be obtained by referring
HSP45116AVC-52 0°C to +70°C 160 Lead MQFP to the Metallization Mask Layout of the HSP45116/883 data
sheet.
Block Diagram
VECTOR INPUT
R 1
SINE/ | ]
MICROPROCESSOR PHASE/! COSINE SIN
INTERFACE FREQUENCY | ARGUMENT | sine/
CONTROL COSINE | oo CMAC
INDIVIDUAL s
coNTRoL slaNALs —*  SECTION ECTION
R 1
VECTOR OUTPUT

CAUTION: These devices are sensitive to electrostatic discharge. Users should foliow proper |.C. Handling Procedures.
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Pinouts
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Pinouts (Continued)

160 LEAD MQFP
TOP VIEW

ACC
ENPHREG#
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NOTE:
1. Pin 75 functions as the round enable (RND#) on the HSP45116A. Pin 75 is V¢ on the HSP45116,
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Pin Description

5-29

NAME NUMBER TYPE DESCRIPTION
vee A1,A9,A15,G1, +5 Power supply input
J15,Q1,Q7,Q15
GND AB,A14,B1,H1, Power supply ground input
H15,P15,Q2,Q8
CO-15 NB-11,P8-13, | Control input bus for loading phase and frequency data into the PFCS. C15 is the MSB.
Q9-14
ADO-1 N7,P7 1 Address pins for selecting destination of CO-15 data
CS# P& | Chip select {Active Low)
WR# Qs | Write enable. Data is clocked into the register selected by ADO-1 on the rising edge of
WR# when the CS# line is low.
CLK Q5 1 Clock. All registers, except the control registers clocked with WR#,are clocked (when
enabled) by the rising edge of CLK.
ENPHREG# M1 ! Phase register enable. (Active low) Registered on chip by CLK. When active, after being
clocked onto chip, ENPHREG# enables the clocking of data into the phase register.
ENOFREG# N1 1 Frequency offset register enable. (Active Low) Registered on chip by CLK. When active,
after being clocked onto chip, ENOFREG# enables clocking of data into the frequency
offset register.
ENCFREG# N5 | Center frequency register enable. (Active low) Registered on chip by CLK. When active,
after being clocked onio chip, ENCFREG# enables clocking of data into the center
frequency register.
ENPHAC# Q3 1 Phase accumulator register enable. (Active low) Registersed on chip by CLK. When active,
after being clocked onto chip, ENPHAC# enables clocking of the phase accumulator »
register. o
w
ENTIREG# PS5 | Time interval control register enable. (Active low) Registered on chip by CLK. When active, :t‘ N
after being clocked onto chip, ENTIREG# senables clocking of data into the time > m
accumulator register. g T
-
ENI# Q4 1 Real and imaginary data input register (RIR, lIR) enable. (Active low) Registered on chip by » 4
CLK. When active, after being clocked onto chip, ENI# enables clocking of data into the 5‘,
real and imaginary input data register.
MODPY N6 1 Modulo n/2n select. When low, the Sine and Cosine ROMs are addressed modulo 25 (360
2PI# degrees). When high, the most significant address bit is held low so that the ROMs are
addressed modulo 1 (180 degrees). This input is registered on chip by clock.
CLROFR# P4 | Frequency offset register output zero. (Active low) Registered on chip by CLK. When active,
after being clocked onto chip, CLROFR# zeros the data path from the frequency offset
register to the frequency adder. New data can still be clocked inio the frequency offset
register; CLROFR# does not affect the contents of the register.
LOAD# N4 | Phase accumulator load control. (Active low) Registered on chip by CLK, Zeroes feedback
path in the phase accumulator without clearing the phase accumulator register.
MODO-1 M3, N3 ] External modulation control bits. When selected with the PMSEL fine, these bits add a 0, 90,
180, or 270 degree offsat to the current phase in the phase accumulator. The lower 14 bits
of the phase control path are set to zero.
These bits are ioaded into the phase register when ENPHREG # is low.
PMSEL P3 l Phase modulation select line. This line determines the source of the data clocked into the
phase register. When high, the phase control register is selected. When low, the external
modulation pins (MODO-1) are selected for the most significant two bits and the least
significant two bits and the least significant 14 bits are set to zero. This control is registered
by CLK.
RBYTILD# L3 1 ROM bypass, timer load. Active low, Registered by CLK. This input bypasses the sine/
cosine ROM so that the 16 bit phase adder output and lower 16 bits of the phase
accumulator go directly to the CMAC's sine and cosine inputs, respectively. It also enables
loading of the timer accumulator register by zeroing the feedback in the accumuiator.



HSP45116

Pin Description (Continued)

NAME NUMBER TYPE DESCRIPTION

PACI# P2 1 Phase accumulator carry input. (Active low) A low on this pin causes the phase
accumulator to increment by one in addition to the values in the phase accumulator
register and frequency adder.

PACO# L13 (o] Phase accumulator carry output. Active low and registered by CLK. A low on this output
indicates that the phase accumulator has overflowed, i.e., the end of one sine/cosine cycle
has been reached.

TICO# P1 ] Time interval accumulator carry output. Active low, registered by CLK. This output goes low

when a carry is generated by the time interval accumulator. This function is provided to time
out control events such as synchronizing register clocking to data timing.

RINO-18 C1,C2,D1,D2, |

Real input data bus. This is the external real component into the complex multiplier. The bus

E1-3,F1-3, is clocked into the real input data register by CLK when ENI# is asserted. Two's complement.
G2,G3, H2,
H3,J1-3,K1,K2
IMINO-18 A2-7,B2-7, ! Imaginary input data bus. This is the external imaginary component into the complex
C3-8,D3 multiplier. The bus is clocked into the real input data register by CLK when ENI# is
asserted. Two's complement.
SHO-1 K3, L1 ] Shift control inputs. These lines control the input shifters of the RIN and IIN inputs of the
complex multiplier. The shift controls are common to the shifters on both of the busses.
ACC L2 1 Accumulate/dump control. This input controls the complex accumulators and their holding
registers. When high, the accumulators accumulate and the holding registers are disabled.
When low, the feedback in the accumulators is zeroed to cause the accumulators to
load.
The holding registers are enabled to clock in the results of the accumulation. This input is
registered by CLK.

BINFMT# N2 1 This input is used 1o convert the two’s complement output to offset binary (unsigned) for
applications using D/A converters. When low, bits RO19 and 1019 are inverted from the
internal two's complement representation. This input is registered by CLK.

PEAK# M2 | This input enables the peak detect feature of the block floating point detector. When high,

the maximum bit growth in the output holding registers is encoded and output on the
DETO-1 pins. When the PEAK# input is asserted, the block floating point detector output
will track the maximum growth in the holding registers, including the data in the holding
registers at the time that PEAK# is activated.

JOUTMUX0-1 N12,N13 |

These Inputs select the data to be output on ROO-19 and I00-19.

ROO-19 | C15,D14,D15 o
E14,E15,F13-15,
G13-15, H13, H14,
J13,014,K13-15,

Real output data bus. These three state outputs are controlled by OER# and OEREXT#.
OUTMUXO0-~1 select the data output on the bus.

L15,M15
100-19 A10-13,B8-15, o] Imaginary output data bus.These three state outputs are controlled by OEI# and OEIEXT#.
Cg-14,D13,E13 OUTMUXO0-1 select the data output on the bus.

DETO-1 N15,L14 o] These output pins indicate the number of bits of growth in the accumulators. While PEAK#
is low, these pins indicate the peak growth. The detector examines bits 15-18, real
and imaginary accumulator holding registers and bits 30-33 of the real and imaginary
CMAC holding registers. The bits indicate the largest growth of the four registers.

OER# P14 | Three state control for bits RO0-15. Outputs are enabled when the line is low.
OEREXT# M13 I Three state control for bits RO16-19, Outputs are enabled when the line is low.
OEI# M14 I Three state control for bits IQ0-15. Qutputs are enabled when the line is low.
OEIEXT# N14 1 Three state control for bits {016~19. Outputs are enabled when the line is low.
RND# N/A | Round Enable (Available on HSP45116A only). This input enables rounding of the output

data precision from 9 to 20 bits (see HSP451 16A Description and Operation. This input is
active “low”. This input must be tied either high or low.
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Functional Description

The Numerically Controlled Oscillator/Modulator (NCOM)
produces a digital complex sinusoid waveform whose
amplitude, phase and frequency are controlled by a set of
input command words. When used as a Numerically
Controlled Oscillator (NCO), it generates 16 bit sine and
cosine vectors at a maximum sample rate of 33MHz. The
NCOM can be preprogrammed to produce a constant (CW)
sine and cosine output for Direct Digital Synthesis (DDS)
applications. Alternatively, the phase and frequency inputs
can be updated in real time to produce a FM, PSK, FSK, or
MSK modulated waveform. The Complex Multiplier/
Accumulator (CMAC) can be used to multiply this waveform
by an input signal for AM and QAM signals. By stepping the
phase input, the output of the ROM becomes an FFT
twiddle factor; when data is input to the Vector Inputs (see
Block Diagram), the NCOM calculates an FFT butterfly.

As shown in the Block Diagram, the NCOM consists of
three parts: Phase and Frequency Control Section (PFCS),
Sine/Cosine Generator, and CMAC. The PFCS stores the
phase and frequency inputs and uses them to calculate the
phase angle of a rotating complex vector. The Sine/Cosine
Generator performs a lookup on this phase and outputs the
appropriate values for the sine and cosine. The sine and
cosine form one set of inputs to the CMAC, which multiplies
them by the input vector to form the modulated output.

Phase and Frequency Control Section

The phase and frequency of the internally generated sine
and cosine are controlled by the PFCS (Figure 1). The PFCS
generates a 32 bit word that represents the current phase of
the sine and cosine waves being generated: the Sine/
Cosine Argument. Stepping this phase angle from
0 through fult scale (232 - 1) corresponds to the phase
angle of a sinusoid starting at 09 and advancing around the
unit circle counterclockwise. The PFCS automatically
increments the phase by a preprogrammed amount
on every rising edge of the external clock. The valug of the
phase step (which is the sum of the Center and Offset
Freguency Registers) is:

Signal Frequency | 5,32

Clock Frequency

The PFCS is divided into 2 sections: the Phase Accumuiator
uses the data on C0O-15 to compute the phase angle that is
the input to the Sine/Cosine Section (Sine/Cosine
Argument); the Time Accumulator supplies a pulse to mark
the passage of a preprogrammed period of time.

Phase Step =

The Phase Accumulator and Time Accumulator work on the
same principle: a 32 bit word is added to the contents of a
32 bit accumulator register every clock cycle; when the sum
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MODPIZPI 22 R.MODPI2PIZE L
ENTIREG 2 R.ENTIREG £
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FIGURE 1. PHASE/FREQUENCY CONTROL SECTION BLOCK DIAGRAM
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causes the adder to overflow, the accumulation continues
with the 32 bits of the adder going into the accumulator
register. The overflow bit is used as an output to indicate the
timing of the accumulation overflows. In the Time
Accumulator, the overflow bit generates TICO#, the Time
Accumulator carry out (which is the only output of the Time
Accumulator). In the Phase Accumulator, the overflow is
inverted to generate the Phase Accumulator Carry Out,
PACO#.

The output of the Phase Accumulator goes to the Phase
Adder, which adds an offset to the top 16 bits of the phase.
This 32 bit number forms the argument of the sine and
cosine, which is passed to the Sine/Cosine Generator.

Both accumulators are loaded 18 bits at a time over the
CO0-15 bus, Data on C0-15 is loaded into one of the three
input registers when CS4# and WR# are low. The data in the
Most Significant Input Register and Least Significant Input
Register forms a 32 bit word that is the input to the Center
Frequency Register, Offset Frequency Register and Time
Accumulator. These registers are loaded by enabling the
proper register enable signal; for example, to foad the
Center Frequency Register, the data is loaded into the LS
and MS Input Registers, and ENCFREG# is set to zero; the
next rising edge of CLK will pass the registered version of
ENCFREG#, R.ENCFREG#, to the clock enable of the
Center Frequency Register; this register then gets loaded
on the following rising edge of CLK. The contents of the
Input Registers will be continuously loaded into the Center
Frequency Register as long as R.ENCFREG# is low.

The Phase Register is loaded in a similar manner. Assuming
PMSEL is high, the contents of the Phase Input Register is
loaded into the Phase Register on every rising clock edge
that RENPHREG is low. If PMSEL is low, MOD0O-1 supply
the two most significant bits into the Phase Register (MOD1
is the MSB) and the least significant 14 bits are loaded with
0. MODO-1 are used to generate a Quad Phase Shift Key-
ing (QPSK) signal (Table 2).

TABLE 1. ADO-1 DECODING

AD1 | ADO | CS%# | WR# FUNCTION

[} 0 o] 1 Load least significant bits of
frequency input

o 1 [} t Load most significant bits of
frequancy input

1 0 (o} t Load phase register

1 1 X X Reserved

X X 1 X Reserved

The Phase Accumulator consists of registers and adders
that compute the value of the current phase at every clock. It
has three inputs: Center Frequency, which corresponds to
the carrier frequency of a signal; Offset Frequency, which is
the deviation from the Center Frequency; and Phase, which
is @ 16 bit number that is added to the current phase for

PSK modulation schemes. These three values are used by
the Phase Accumulator and Phase Adder to form the phase
of the internally generated sine and cosine.

The sum of the values in Center and Offset Frequency
Registers corresponds to the desired phase increment
{modulo 232) from one clock to the next. For example, load-
ing both registers with zero will cause the Phase
Accumulator to add zero to its current output; the output of
the PFCS will remain at its current value; i.e., the output of
the NCOM will be a DC signal. If a hexadecimal 00000001
is loaded into the Center Frequency Control Register, the
output of the PFCS will increment by one after every clock.
This will step through every location in the Sine/Cosine
Generator, so that the output will be the lowest frequency
above DC that can be generated by the NCOM, ie, the
clock frequency divided by 232. If the input to the Center
Frequency Control Register is hex 80000000, the PFCS will
step through the Generator with half of the maximum step
size, so that frequency of the output waveform will be half of
the sample rate.

The operation of the Offset Frequency Control Register is
identical to that of the Center Frequency Control Register;
having two separate registers allows the user to generate an
FM signal by loading the carrier frequency in the Center
Frequency Control Register and updating the Offset
Frequency Control Register with the value of the frequency
offset - the difference between the carrier frequency and
the frequency of the output signal. A logic low on
CLROFR# disables the output of the Offset Frequency
Register without clearing the contents of the register.

TABLE 2. MODO-1 DECODE

MOD1 MODo PHASE SHIFT (DEGREES)
0 0 0
0 1 90
1 0 270
1 1 180

Initializing the Phase Accumulator Register is done by
putting a low on the LOAD# line. This zeroes the feedback
path to the accumulator, so that the register is loaded with
the current value of the phase increment summer on the
next clock.

The final phase value going to the (Generator can be ad-
justed using MODPI/2PI4# to force the range of the phase to
be 09 to 1800 (modulo n) or 00 to 360° (modulo 2nr).
Modulo 2n is the mode used for moduiation, demodulation,
direct digital synthesis, etc. Modulo r is used to calculate
FFTs. This is explained in greater detail in the Applications
section.

The Phase Register adds an offset to the output of the
Phase Accumulator. Since the Phase Register is only 16
bits, it is added to the top 18 bits of the Phase Accumulator.
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The Time Accumulator consists of a register which is
incremented on every clock. The amount by which it
increments is loaded into the Input Registers and is latched
into the Time Accumulator Register on rising edges of CLK
while ENTIREG# is low. The output of the Time
Accumulator is the accumulator carry out, TICO#. TICO#
can be used as a timer to enable the periodic sampling of
the output of the NCOM. The number programmed into this
register equals 232 x CLK period/desired time interval.
TICO# is disabled and its phase is initialized by zeroing the
feedback path of the accumulator with RBYTILD#.

Sine/Cosine Section

The Sine/Cosine Section (Figure 2) converts the output of
the PFCS into the appropriate values for the sine and
cosine. It takes the most significant 20 bits of the PFCS
output and passes them through a look up table to form the
16 bit sine and cosine inputs to the CMAC.

32

REG

8
8

16

SIN/COS
ARGUMENT
SINE/COSINE
GENERATOR
@

CLK

CLK

R.RBYTILD
#

FIGURE 2. SINE/COSINE SECTION

The 20 bit word maps into 2n radians so that the angular
resolution is 2rn/220. An address of zero corresponds to 0
radians and an address of hex FFFFF corresponds to 2n-
(2r/220) radians. The outputs of the Generator section are
2’s complement sine and cosine values. The sine and
cosine outputs range from hexadecimal 8001, which
represents negative full scale, to 7FFF, which represents
positive full scale. Note that the normal range for two's com-
plement numbers is 8000 to 7FFF; the output range of the
SIN/COS generator is scaled by one so that it is symmetric
about O.

The sine and cosine values are computed to reduce the
amount of ROM needed. The magnitude of the error in the
computed value of the complex vector is less than ~90.2dB.
The error in the sine or cosine alone is approximately 2dB
better.

Iif RBYTILD # is low, the output of the PFCS goes directly to
the inputs of the CMAC. If the real and imaginary inputs of
the CMAC are programmed to hex 7FFF and O respectively,
then the output of the PFCS will appear on output bits O
through 15 of the NCOM with the output multiplexers set to
bring out the most significant bits of the CMAC output
(OUTMUX = 00). The most significant 16 bits out of the
PFCS appears on IOUT0O-15 and the least significant bits
come out on ROUTO-15.

Complex Multiplier/Accumulator

The CMAC (Figure 3) performs two types of functions:
complex multiplication/accumulation for modulation and
demodulation of digital signals, and the operations neces-
sary to implement an FFT butterfly. Modulation and
demodulation are implemented using the complex multipli-
er and its associated accumulator; the rest of the circuitry in
this section, ie, the complex accumulator, input shifters
and growth detect logic are used along with the complex
multiplier/accumulator for FFTs. The complex multiplier
performs the complex vector multiplication on the output of
the Sine/Cosine Section and the vector represented by the
real and imaginary inputs RIN and I1IN. The two vectors are
combined in the foliowing manner:

ROUT = COS x RIN -~ SIN x IIN

I0UT = COS x IlIN + SIN x RIN

RIN and 1IN are latched into the input registers and passed
through the shift stages. Clocking of the input registers is
enabled with a low on ENI#. The amount of shift on the
latched data is programmed with SHO-1 (Table 3). The out-
put of the shifters is sent to the CMAC and the auxiliary ac-
cumuiators.

TABLE 3. INPUT SHIFT SELECTION

SH1 SHO SELECTED BITS
0 0 RINO-15, IMINO-15
¢} 1 RIN1-16, IMIN1-18
1 0 RIN2-17, IMIN2-17
1 1 RIN3-18, IMIN3-18

The 33 bit real and imaginary outputs of the Complex
Multiplier are latched in the Multiplier Registers and then go
through the accumulator section of the CMAC. If the ACC
line is high, the feedback to the accumulators is enabled; a
low on ACC zeroes the feedback path, so that the next set
of real and imaginary data out of the complex multiplier is
stored in the CMAC Output Registers.

The data in the CMAC Output Registers goes to the
Multiplexer, the output of which is determined by the
OUTMUXO- 1 lines (Table 4). BINFMT# controls whether
the output of the Multiplexer is presented in two's
complement or unsigned format; BINFMT# = O inverts
ROUT19 and IQUT19 for unsigned output, while BINFMT#
= 1 selects two's complement.

TABLE 4. OUTPUT MULTIPLEXER SELECTION

ouT | ouT
MUX | MUX
1 [} RO16-18 | ROO-15 |[1016-19 | 100-15
0 Q Real Real CMAC | Imag Imag CMAQG
CMAC 15-30 CMAC 15-30
31-34 31-34
0 1 Real 0, Reai Imag 0, Imag
CMAC CMAC CMAC CMAC
31-34 0-14 31-34 o-14
1 o Real Acc | Real Acc Imag Acc | Imag Acc
16-19 0-15 16-18 0-15
1 1 Reserved | Reserved Reserved | Reserved
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The Complex Accumulator duplicates the accumulator in
the CMAC. The input comes from the data shifters, and its
20 bit complex output goes to the Multiplexer. ACC controls
whether the accumulator is enabled or not. OUTMUX0-1
determines whether the accumulator output appears on
ROUT and IOUT.

The Growth Detect circuitry outputs a two bit value that
signifies the amount of growth on the data in the CMAC and
Complex Accumulator. Its output, DETO-1, is encoded as
shown in Table 5. If PEAK# is low, the highest value of
DETO-1 is latched in the Growth Detect Output Register.

The relative weighting of the bits at the inputs and outputs of
the CMAC is shown in figure 4. Note that the binary point of
the sine, cosine, RIN and IIN is to the right of the most signif-

icant bit, while the binary point of RO and 10 is to the right of
the fifth most significant bit. These CMAC external
input and output busses are aligned with each other to
facilitate cascading NCOM'’s for FFT applications.

TABLE 5. GROWTH ENCODING

DET1 | DETO |NUMBER OF BITS OF GROWTH ABOVE 29|
] 0 o]
0 1 1
1 0 2
1 1 3

SIN/COS INPUT

l_15|14|13]12T11|1o—[9la|7|elsl41312‘1h|

-20  2-1

Radix Point

22 2-3 2-4 2~5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15

COMPLEX MULTIPLIER/ACCUMULATOR INPUT (RIN, iN)
SH = 00

L1s [1af1afvafnfro]ols]r]els]|alslala]o]

-20  2-1

t
Radix Point

2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 5-11 2-12 2-13 2-14 2-15

COMPLEX MULTIPLIER/ACCUMULATOR QUTPUT (RO, 10)
OUTMUX = 00

|19|1a|17|16|15|14~|713|12—[11I1ol9|s|7|s|5|4TaL2|1Iﬂ

-24 23 22 21 20 o1

Radix Point

2-2 2-3 2-4 9-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 »-15

COMPLEX MULTIPLIER/ACCUMULATOR OUTPUT (RO, 10}
QUTMUX = 01

|£|1a|17|1e|15|14nbﬂ1d1olsTa I7‘6f5 l4|3i2|1 Iﬂ

.24 23 22 21

2-16 2-17 2-18 2~19 2-20 3-21 2-22 2-23 3-24 3-25 3-26 2-27 2-28 2-29 2-30 o

COMPLEX ACCUMULATOR OUTPUT (RO, 10)
QUTMUX = 10

|19|1a

177 {16 J1s[1alwalraf1r[10fo a7 els|alafals|o]

-24 23 22 21 20 21

t
Radix Point

2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 3-12 2-13 2-14 »-15

FIGURE 4, BIT WEIGHTING
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HSP45116A Description and Operation

The operation of the HSP45116A is identical to the
HSP45116 with the exception of a programmable rounding
option added for the data outputs. The added functionality
was acheived by using one of the HSP45116’s reserved
configuration registers to specify rounding precision and
replacing a V¢ pin with a round enable (RND#) input. When
RND# is *high”, rounding is disabled, and the HSP45116A
functions as a pin-for-pin equivatent of the HSP45116. When
RND# is active “low” rounding is enabled. The RND# input
replaces Vog on PIN 75 of the 160 Lead MQFP package as
seen in the pinout diagram.

The Round Control Register is loaded by placing the round
control value on C15-0, setting AD1-0 = 11, setting CS# = 0,
and forcing a low to high transition on the WRi# input. The

rounding operation is determined by the least significant 8
bits loaded into the control register as shown in Table 6. The
least significant four bits (C3-0) loaded into the register
govern rounding of the real and imaginary outputs of the
Complex Accumulator (ACC). The next more significant four
bits (C7-4) govern the rounding of the complex outputs of
the complex multiply accumulator (CMAC). The real and
imaginary outputs from the CMAC or ACC are rounded to
the same precision. The rounding is perform by adding a
*one" to the bit position below the least signifcant bit desired
in the output. For example, for a configuration that rounds to
the most signifcant 20 bits of the CMAC output, a “one”
would be added to bit position 214 (See Figure 4 for output
bit weightings).

TABLE 6. ROUNDING CONTROL

ROUNDING OPERATION

No Rounding

CMAC outputs rounded to most significant 20 bits, bit positions -2* to 28
ACC outputs rounded to most significant 20 bits, bit positions -24 to 2'1%

CMAC outputs rounded to most significant 19 bits, bit positions -2* to 24
ACC outputs rounded to most significant 19 bits, bit positions -24 to 214

CMAC outputs rounded to most significant 18 bits, bit positions -24 to 23
ACC outputs rounded to most significant 18 bits, bit positions -24 to 213

CMAC outputs rounded to most significant 17 bits, bit positions -24 to 22
ACC outputs rounded to most significant 17 bits, bit positions -24 to 212

CMAC outputs rounded to most significant 16 bits, bit positions -24 to 2"
ACC outputs rounded to most significant 16 bits, bit positions -24 to 21!

CMAC outputs rounded to most significant 15 bits, bit positions -24 10 2°1°
ACC outputs rounded to most significant 15 bits, bit positions -24 to 2°1°

CMAC outputs rounded to most significant 14 bits, bit positions -24 to 2
ACC outputs rounded to most significant 14 bits, bit positions -24 1o 2°?

CMAC outputs rounded to most significant 13 bits, bit positions -24 to 28
ACC outputs rounded to most significant 13 bits, bit positions -24 to 28

CMAC outputs rounded to most significant 12 bits, bit positions -2¢ to 27
ACC outputs rounded to most significant 12 bits, bit positions -2* to 27

CMAC outputs rounded to most significant 11 bits, bit positions -2* to 26
ACC outputs rounded to most significant 11 bits, bit positions -24 to 2°¢

CMAC outputs rounded to most significant 10 bits, bit positions 241025
ACC outputs rounded to most significant 10 bits, bit positions -24 to 2%

CMAC outputs rounded to most significant 9 bits, bit positions -24 to 24
ACC outputs rounded to most significant 9 bits, bit positions -2* to 24

ROUND CONTROL REGISTER
C15-8 Cr-4 Cc3-0
CMAC ACC
UNUSED ROUNDING ROUNDING

XXAXXXXXX 0000 0000
XXXXXXXX 0001 0001
XXXXXXXX 0010 0010
XXOXXXX 0011 0011
XXXXXXXX 0100 0100
XXXXXXXX 0101 o101
XOOXXXXX 0110 0110
XXXXXXKXX 0111 0111
HOOXXXXX 1000 1000
HOOXXXXX 1001 1001
XXXXXXAX 1010 1010
XXXXXXXX 1011 1011
KOO 1100 1100

XXXXXXXX 1101-1111 1101-1111

Undefined
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Applications

The NCOM can be used for Amplitude, Phase and
Frequency modulation, as well as in variations and
combinations of these techniques, such as QAM. It is most
effective in applications requiring muiltiplication of a rotating
complex sinusoid by an external vector. These include AM
and QAM modulators and digital receivers. The NCOM
implements AM and QAM modulation on a single chip, and
is a element in demodulation, where it performs complex
down conversion. It can be combined with the Harris
HSP43220 Decimating Digital Filter to form the front end of
a digital receiver.

Modulation/Demodulation

Figure 5 shows a block diagram of an AM modulator. In this
example, the phase increment for the carrier frequency is
loaded into the center frequency register, and the modulat-
ing input is clocked into the real input of the CMAC, with the
imaginary input set to 0. The modulated output is obtained
at the real output of the CMAC. With a sixteen bit, two’s
complement signal input, the output will be a 16 bit real
number, on ROUTO-15 (with OUTMUX = 00).

SIGNAL INPUT
______ 16 | RIN
5| 1
2 i
a2 "
N TN |
T gg |°
e pros | ] 83 o] omac |
ClK —-I gﬁ 18 |
| ®BO
[ NCOM |
_________ pa—

MODULATED OUTPUT

FIGURE 5. AMPLITUDE MODULATION

By replacing the real input with a complex vector, a similar
setup can generate QAM signals (Figure 6). In this case, the
carrier frequency is loaded into the center frequency regi-
ster as before, but the modulating vector now carries both
amplitude and phase information. Since the input vector
and the internally generated sine and cosine waves are both
16 bits, the number of states is only limited by the charac-
teristics of the transmission medium and by the analog elec-
tronics in the transmitter and receiver.

The phase and amplitude resolution for the Sine/Cosine
section (16 bit output), delivers a spectral purity of greater
than 90dBc. This means that the unwanted spectral compo-
nents due to phase uncertainty (phase noise) will be greater
than 90dB below the desired output (dBc, decibels below
the carrier). With a 32 bit phase accumulator in the Phase/

RIN IMIN
16 16
= |77 T ncom | |1
% az| " 18 |
| z
8¢~ 22 |
e | PFCS P CMAC |
o $§ l
CLK £
—"' 2% 11 |
e — R
16 RO
D/A | LO \/
«
S
3

FIGURE 6. QUADRATURE AMPLITUDE MODULATION (QAM)

Frequency Controt Section, the frequency tuning resolution
equals the clock frequency divided by 232, For example, a
25MHz clock gives a tuning resolution of 0.006Hz.

The NCOM also works with the HSP43220 Decimating Dig-
ital Filter to implement down conversion and low pass filter-
ing In a digital receiver (Figure 7). The NCOM performs
complex down conversion on the wideband input signal by
multiplying the input vector and the internally generated
complex sinusoid. The resulting signal has components at
twice the center frequency and at DC. Two HSP43220's,
one each on the real and imaginary outputs of the
HSP45116, perform low pass filtering and decimation on
the down converted data, resulting in a complex baseband
signal.

HSP45116
NCOM
HSP43220
COS (wl) DOF
X AN
SAMPLED -
INPUT =
DATA
X AN
SIN (wi)
NCOM DDF
INPUT QUTPUT OUTPUT

o 10 MHz [

20 MHz o

FIGURE 7. CHANNELIZED RECEIVER CHIP SET
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FFT Butterfly

Figure 8 shows a Fast Fourier Transform (FFT) implementa-
tion. The FFT is a highly efficient way of calculating the Dis-
crete Fourier Transform [1]. The basic building block in
FFTs is called the butterfly. The butterfly calculation in-
volves adding complex numbers and multiplying by com-
plex sinusoids. The Phase/Frequency Control Section and
Sine/Cosine Generator provide the complex sinusoids and
the CMAC performs the complex multiplies and adds.

ACC R

CMAC R

i [ w-

ROM

|—+] SEQUENCER

A'= A+B
B'=(A -BWK

MOD
180,0:

FIGURE 8. RADIX-2 FFT BUTTERFLY

The NCOM circuit shown implements the butterfly shown in
Figure 9. The two complex inputs A and B produce two
complex outputs A’ and B’ using the equations A’ = A + B,
B' = (A - B)WK where Wk = ¢-IWk = cos(wk) + jsin(wk).
Two clock cycles are required to calculate the butterfly. A is
clocked into the chip first and then B is clocked in. The com-
plex accumulator in the CMAC section adds A and B. The

CMAC calculates (A - B)WK as AWK + B(-Wk). -wk is gen-
erated by phase shifting the ROM address 180 degrees us-
ing the phase modulation inputs. For radix-2 decimation in
frequency FFTs, the phase of the complex sinusoid starts at
0 degrees and increments by a fixed step size (for each
pass) after each butterfly. The phase/frequency section is
initialized to O degrees and the frequency control loaded
with the appropriate phase step size for the pass. The re-
sulting words, A’ and B’, are held in output registers and
multiplexed through the output pins for writing to memory.
Using a single NCOM clocked at 25MHz, a 1024 point
radix-2 FFT can be computed in (CLK period) x (Nlog2N),
or 410 microseconds.

A A

-1 wk
FIGURE 8. DECIMATION IN FREQUENCY BUTTERFLY

Circuitry is included to implement block floating point FFTs.
In block floating point, an exponent is generated for an en-
tire block of data. To implement block floating point, the
maximum bit growth during a set of calculations is de-
tected. The number of bits of growth is used to adjust the
block’s exponent and to scale the block on the next set of
calculations to maintain a desired number of bits of preci-
sion. This technique requires less memory than true floating
point and yields better performance than fixed point imple-
mentations, though its resolution does not meet that of true
floating point impiementations.

References

[1} Oppenheim, A. V. and Schafer, R. W., Discrete Time
Signal Processing, Prentice Hall
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Specifications HSP45116

Absolute Maximum Ratings

Supply VoltBge . . . ..ottt e s +8.0V
Input, Output or VO Voltage Applied. .. ... GND -0.5V to Ve +0.5V
Storage Temperature Range . ................ -65°C to +150°C
Junction Temperature

L L +150°C

PGA .. e +175°C
Lead Temperature (Soldering 10s). .... e et +150°C
ESD Classification ..........covereiieiiiiiieiinas Class 1

CAUTION: Stresses above those listed in ‘Absolute Maximum Hsmngs may cause permunont damage lo the device. This is a stress only rating and operation

Reliability Information
Thermal Resistance 64a ¢
MQFP Package..........ccovvvnnann 22.0°CW  7.7°C/W
PGAPackage ..........ccovuvennnn 23.1°CW  8.3CW
Maximum Package Power Dissipation
L0 PN 3.6W
2 C T Y 4.55W
ComponentCouMt. .. ...covvviiiernnnneen 103,000 Transistors

of the device at these or any other conditions above those indicated in the op tions of this specification is not implied.
Operating Conditions
Operating Voltage Range.. . .. ............... +4.75V to +6.25V  Operating Temperature Range .................. 0°C to +70°C
DC Electrical Specifications
PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Logical One Input Voltage Vin 20 - v Vee = 5.26V
Logical Zero Input Voltage Vi - 0.8 v Voo =4.75V
High Level Clock Input Vine 3.0 - \ Vge =525V
Low Level Clock input Viee - 0.8 v Vee =475V
Output HIGH Voltage Vou 26 - v low = -400MA, Vo = 4.76V
Output LOW Valtage VoL . 0.4 v lop = +2.0mA, Ve = 4.75V
Input Leakage Current 4 -10 10 HA V)N = Vg of GND, Ve = 5.25V
VO Leakage Current o -10 10 PA | Vour = Vee or GND, Veg = 5.25V
Standby Power Supply Current lccss - 500 pA Vin = Ve of GND Ve = 5.25V, Note 3
Operating Powsr Supply Current lecop - 150 mA f= 15MHz, Vjy = Vg or GND, Ve = 5.25V,
Notes 1 and 3
Capacitance T, = +25°C, Note 2
PARAMETER SYMBOL MIN | MAX | uNITS TEST CONDITIONS
Input Capacitance Ciy - 15 pF FREQ = 1MHz, V¢ = Open, All measure-
ments are referenced to device ground
Output Capacitance Co - 15 pF

NOTES:

1. Power supply current is proportional to operating frequency. Typical rating for Iccop is 10mA/MHz.
2. Not tested, but characterized at initial design and at major process/design changes.
3. Output load per test load clrcuit with switch open and C_ = 40pF.
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Specifications HSP45116

A.C. Electrical Specifications Vgg = 5.0V + 5%, Tp = 0°C to +70°C (Note 1)

-15 (15MHz) ~25 (25.6MHz) -33 (33MH2) TEST
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX | UNITS |CONDITIONS
Tcp CLK Period 66 39 30 ns
TCH CLK High 26 15 12 ns
ToL CLK Low 26 15 12 ns
TwL WR# Low 26 15 12 ns
TWH WR# High 26 15 12 ns
Taws Set-up Time; ADO-1, 18 13 13 ns
CS# to WR+# Going High
TAWH Hold Time; ADO, AD1, 0 o] 0 ns
CS# from WR# Going High
Tcws Set-up Time CO-15 20 15 15 ns
from WR# Going High
TowH Hold Time CO-15 from 0 (o] (o} ns
WR# Going High
Twe Set-up time WR# High to 20 16 12 ns Note 3
CLK High
TMmcs Set-up Time MODO-1 to 20 15 15 ns
CLK Going High
TMCH Hold Time MODO-1 from o] o o] ns
CLK Going High
Tpcs Set-up Time PACI# to CLK 25 15 11 ns
Going High
TPCH Hold Time PACI# from CLK o] 0 0 ns
Going High
Tecs Set-up ENPHREG#, ENCFREG#, 18 12 12 ns
ENOFREG#, ENPHAC#,
ENTIREG#, CLROFR#, PMSEL,
LOAD#, ENI#, ACC, BINFMT3#,
PEAK#, MODPI/2P1#, SHO-1,
RBYTILD# from CLK Going High
TECH Hold Time ENPHREG#, ENCFREG # 0 ¢} 0 ns
ENOFREG#, ENPHAC#,
ENTIREG#, CLROFR#, PMSEL,
LOAD#, ENI#, ACC, BINFMT#,
PEAK#, MODPI/2Pt#, SHO-1,
RBYTILD# from CLK Going High
Tos Set-up Time RINO-18, 18 12 12 ns
IMINO-18 to CLK Going High
ToH Hold Time RINO-18, o] 0 o] ns
IMINO-~18 from CLK Going High
oo CLK to Output Delay RO0-19, 40 24 19 ns
100-19
TpEO CLK {o Output Delay DETO-1 40 27 20 ns
PO CLK to Output Delay PACO# 30 20 12 ns
TT0 CLK to Output Delay TICO# 30 20 12 ns
Toe Qutput Enable Time OER#, OEI#, 25 20 20 ns
OEREXT#, OEIEXT#
TMD OUTMUX0-1 to Output Delay 40 28 26 ns
Taon Qutput Disable Time 20 15 15 ns Note 2
TRF Output Rise, Fall Time 8 8 6 ns Note 2
NOTES: 2. Confrolled via design or process parameters and not directly tested.
1. AC. testing is performed as follows: Input leveis (CLK Input) 4.0V and OV; Characterized upon Inftial design and after major process and/or design
Input levels (all other inputs) OV and 3.0V; Timing reference levels (CLK) 2.0V, changes. .
Alf others 1.5V, Output load per test load circuit with switch closed and C| = 3. Appiicable only when oulputs are being monitered and ENCFREG#,
40pF. Output fransition is measured at Vo > 1.5V and Vo < 1.5V. ENPHREG#, or ENTIREG# is active.

5-40




Specifications HSP45116A Preliminary

Absolute Maximum Ratings

Supply Voltage . . . ... e +7.0V
Input, Output Voltage ................. GND -0.5V to Vg +0.5V
Storage Temperature Range ................. -65°C to +150°C
Junction Temperature . . ... ..ooveerenieiiiien i +150°C
Lead Temperature (Soldering 10s}. . .................. +300°C
ESD Classification .............cooiiiiiiiia ., Class 1

Reliability Information
Thermal Resistance 17N Byc

MQFP Package . ................... 22.0°CW  7.7°CW
Maximum Package Powsr Dissipation at TBD
GateCount ........coviiviiiiiiiiiii i s 26,000 Gates

CAUTION: Stresses above those listed in “Absalute 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 op

of this spacification is not implied.

Operating Conditions
Operating Voltage Range

Operating Temperature Range

Commercial.....................0hhh +4.75V to +5.26V Commercial ...........cooiiiiiiiiiiinnna, 0°C to +70°C
Electrical Specifications (Ve = 5.0V 1 5%, Ty = 0° to +70°C)
PARAMETER SYMBOL MIN MAX | UNITS TEST CONDITIONS
Power Supply Current lecop - TBD mA Vge = Max, CLK Frequency 52.6Mhz
Notes 1, 2
Standby Power Supply Current lccss . 500 HA Ve = Max, Outputs Not Loaded
Input Leakage Current I -10 10 HA Ve = Max, Input = OV or Vee
Output Leakage Current lo -10 10 HA Ve = Max, input = OV or Vge
Logical One Input Voltage Vi 2.0 - v Vg = Max
Logical Zero Input Voltage Vi - 0.8 v Vee = Min
Logical One Input Voltage: CLK Vine 3.0 - v Vee = Max
Logical One Qutput Voltage VoH 2.6 - v low = -5MA, Ve = Min
Logical Zero Output Voltage VoL - 0.4 \ loL = 5mA, V¢e = Min
Input Capacitance Ci - 10 pF CLK Frequency 1MHz
All measurements referenced to GND.
Output Capacitance Cout - 10 pF T4 = +25°C, Note 3
NOTES:

1. Power supply current is proportional to frequency. Typical rating is TBD mA/MHz. Note that operation at maximum clock frequency will
exceed maximum junction temperature of device. Use of a heat sink and/or alr flow is required under these conditions: recommended

heat sink is TBD.
2. Output load per test circuit and C, = 40pF.

3. Not tested, but characterized at initial design and at major process/design changes.

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

PARAMETER SYMBOL COMMENTS
CLK Period Ter ns
CLK High Ten ns
CLK Low ToL ns
WR# Low TwL ns
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Specifications HSP45116A Preliminary

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

PARAMETER SYMBOL COMMENTS

WR# High TwH ns

Setup Time ADO-1, CS# to WR# Taws ns

Hold Time ADO-1, CS# from WR# TawH ns

Sstup Time C0-15 to WR# Tows ns

Hold Time C0-15 from WR# Tewn ns

Setup Time WR# to CLK Twe ns, Note 3

Setup Time MODO-1 to CLK Tucs ns

Hold Time MODO-1 from CLK TucH ns

Setup Time PACI# to CLK Tecs ns

Hold Time PACH# from CLK TeeH ns

Setup Time ENPHREG#, ENCFREG#, Tecs ns

ENOFREG#, ENPHAC#, ENTIREG#, CL-

ROFR#, PMSEL, LOAD#, ENI#, ACC,

BINFMT#, PEAK#, MODPI/2Pi#, SHO-1,

RBYTILD# to CLK

Hold Time ENPHREG#, ENCFREG#, Tech ns

ENOFREG#, ENPHAC#, ENTIREG#, CL-

ROFR#, PMSEL, LOAD#, ENI#, ACC,

BINFMT#, PEAK#, MODPI/2PI#, SHO-1,

RBYTILD# from CLK

Setup Time RINO-18,IMINO-18 to CLK Tos ns

Hold Time RINO-18, IMINO-18 from CLK ToH ns

CLK to Output Delay RO0-19, I00-19 Too ns

CLK to Output Delay DETO-1 Toeo ns

CLK to Output Delay PACO# Tro ns

CLK to Output Delay TICO# Tra ns

Qutput Enable Time OER#, OEI#, OER- Toe ns

EXT#, OEIEXT#

Qutput Enabie Time OUTMUX0-1 Tuo ns

Output Disable Time Too ns, Note 2

Output Rise, Fall Time Tar ns, Note 2
NOTES:

1. AC tests performed with C; = 40pF, o = TBDmMA, and loy = -TBDmA., Input reference level for CLK = 2.0V, all other inputs 1.5V. Test
Vi = 3.0V, Viye = 4.0V, V) = 0V; Vo = TBDV, Vg = TBDV.

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

3. Applicable only when outputs are being monitored and ENCFREG#, ENPHREG# or ENTIREG# is active.
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Specifications HSP45116TM Preliminary

Absolute Maximum Ratings

SupplyVoltage . ..........ooiii i iiiies +8.0V
Input or Output Voltage Applied ... ...... GND -0.5V to Vg +0.5V
Storage Temperature Range ................. -65°C to +150°C
Junction Temperature. ..............ccovuinnunnann, +175°C
Lead Temperature (Soldering 10s)..................... 300°C
ESD Classification ..................coviiiian., Class 1

Reliability Information
DeviceCount........... ...ttt 103,000 Transistors

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause pslmanenl damage (o the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op of this specification is not implisd.
Operating Conditions
Operating Voltage Range . . ................... +4.5V 10 +5.5V  Operating Temperature Range ................ -55°C to +125°C

DC Electrical Specifications 7, =-55°C to +125°C

PARAMETER SYMBOL

Logical One Input Voltage ViH
Logical Zero Input Voltage Vi
Logical One Input Voltage Clock Vine
Logical Zero Input Voltage Clock Vile
Output HIGH Voltage Vou
Output LOW Voltage Vo
Input Leakage Current h
Output or /O Leakage Current lo
Standby Power Supply Current lecse
Operating Power Supply Current lecop
Functional Test FT

NOTES:
1. Interchanging of force and sense conditions is permitted.

] unirs TEST CONDITIONS

Vg = 4.5V

Ve = 5.5V

Voo = 4.5V

lon = -400A, Ve = 4.5V (Note 1)

loL = +2.0MA, Ve = 4.5V (Note 1)

Vin = Vog of GND, Vgg = 5.5V

VOUT = Voc or GND, VCC = 5.5V

Vin = Veg 0f GND, Vg = 5.5V, (Note 4)

IEIE(BI<l<|<|<]|<]<

f= 15MHz, V} = Ve or GND, Vo = 5.5V
(Notes 2, 4)

(Note 3)

2. Operating Supply Current is proportional to frequency, typical rating is 10mA/MHz.
3. Tested as follows: f = 1MHz, V) (clock inputs) = 3.4V, Vy, (all other inputs) = 2.6V, Vy_= 0.4V, Vg, 2 1.5V, and Vg < 1.5V.

4. Output per test load circuit with switch open and C, = 40pF.

AC Electrical Specifications T, = -55°C to +125°C

PARAMETER SYMBOL

CLK Period Tep
CLK High Teu
CLK Low Tau
WR# Low TwL
WR# High Twu
Set-up Time; ADO-1, CS# to WR# Taws
Going High

Hold Time; ADO, AD1, CS# from WR# TawH
Going High

Set-up Time C0-15 from WR# Going High Tews

(NOTE 1)

UNITS | CONDITIONS

ns

ns

ns

ns
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Specifications HSP45116TM Preliminary

PARAMETER SYMBOL

Hold Time CO0-15 from WR# Going High Tewn
Set-up Time WR# to CLK High Twe
Set-up Time MODO0-1 to CLK Going High Tucs
Hold Time MODO-1 from CLK Going High TumcH
Set-up Time PACI# to CLK Going High Trcs
Hold Time PACI# from CLK Going High TpeH
Set-up Time ENPHREG#, ENCFRCTL#, Tecs
ENPHAC#, ENTICTL#, CLROFR#,

PMSEL#, LOAD#, ENI#, ACC, BINFMT#,

PEAK#, MODPI/2Pi#, SHO-1, RBYTILD#
from CLK Going High

Hold Time ENPHREG#, ENCFRCTL#, TecH
ENPHAC#, ENTICTL#, CLROFR#,

PMSEL#, LOAD#, ENI#, ACC, BINFMT#,

PEAK#, MODPI/2Pi#, SHO-1, RBYTILD#

from CLK Going High

Set-up Time RINO-18, IMINO-18 to CLK Tos
Going High

Hold Time RINO-18, IMINO-18, to CLK Ton
Going High

CLK to Output Delay, RO0-19, 100-19 Too
CLK to Output Delay, DETO-1 Toeo
CLK to Output Defay, PACO# Tro
CLK to Qutput Delay, TICO# Ty0
Qutput Enable Time, OER#, OEI#, Toe
OEREXT#, OEIEXT#

OUTMUX0-1 fo Output Delay Tuo

AC Electrical Specifications T, = -55°C to +125°C (Continued)

NOTES:

(NOTE 1)
UNITS | CONDITIONS

ns

ns (Note 2)

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns (Note 3)

1. AC testing is performed as follows: V¢ = 4.5V and 5.5V. Input levels (CLK Input) 4.0V and 0V; Input levels (all other inputs) 3.0V and 0V;
Timing reference levels (CLK) 2.0V; All others 1.5V. Output load per test load circuit with switch closed and C| = 40pF. Output transition
is measured at Vou 2 1.5V and Vg < 1.5V.

2. Applicable only when outputs are being monitored and ENCFREG#, ENPHREG#, or ENTIREG# is active.

3. Transition is measured at +200mV from steady state voitage. Output icading per test load circuit, with switch closed and C = 40pF.

Electrical Specifications

PARAMETER SYMBOL | NOTES
Cutput Disable Time Too 1,2
Output Rise Time Tr 1,2
Output Fall Time Te 1,2
NOTES:

1. The parameters in this table are controlled via design or process parameters and not directly tested.

and after major process and/or design changes.

2. Loading is as specified in the test load circuit with C, = 40pF.

CONDITIONS

From 0.8V to 2.0V

From 2.0V to 0.8V

Characterized upon initial design
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Waveforms

| TwL TwH
[ % 3

Taws TawH
csS# 3( 7‘

Taws | TAWH
ADO - 1 -
Tcws TewH
Co-15

CONTROL BUS TIMING

N

S 2 U e NI e NI o

MODO -1

TMmcs
Tecs TpcH
PACI £t
TECSE ™
Tps

CONTROL
INPUTS

TpH
RINO - 19
liNO - 19
e—=1 Tpo
ROUTO - 19 J{
10UTO - 19
~—| Tpbeo
DETO - 1
=~ Tpo
PACO#
Tro
TICO#

INPUT AND OUTPUT TIMING
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Waveforms (Continued)

OERZE
OFI %2 OUTMUXO - 1
OEREXT ¢ 1.5V 1.5v
OEIEXT ¢ T™MD
ToE Top
ROO - 19
RQO - 19 1.7V
g— 1 — 100 - 19
100-19 — o0 1.3V ah
IMPEDANCE IMPEDANCE
OUTPUT ENABLE, DISABLE TIMING MULTIPLEXER TIMING
2.0V
0.8V
TRF Tar

OUTPUT RISE AND FALL TIMES

Test Load Circuit

*INCLUDES STRAY AND
JIG CAPACITANCE

|

|

out O I—/ {
|

Cr* J‘
1l

= 1

|

I

Switch S1 open for lccsg and Igoop tests

EQUIVALENT CIRCUIT
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