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The HSP45102 is Numerically Controlled Oscillator Features
(NCO12) with 32-bit frequency resolution and 12-bit output. )
With over 69dB of spurious free dynamic range and worst * 33MHz, 40MHz Versions
case frequency resolution of 0.009Hz, the NCO12 provides + 32-Bit Frequency Control
S|gn|f|ca-1r.1t acc.uracy for frequency synthesis solutions at a . BFSK, QPSK Modulation
competitive price.
. + Serial Frequency Load
The frequency to be generated is selected from two frequency
control words. A single control pin selects which word is used * 12-Bit Sine Output
to determine the output frequency. Switching from one - Offset Binary Output Format
frequency to another occurs in one clock cycle, with a 6 clock ) )
pipeline delay from the time that the new control word is * 0.009Hz Tuning Resolution at 40MHz
loaded until t4-he new frequency appears on the output. » Spurious Frequency Components <-69dBc
Two pins, P0-1, are provided for phase modulation. They are * Fully Static CMOS
encoded and added to the top two bits of the phase . Low Cost
accumulator to offset the phase in 90° increments.
+ Pb-Free Plus Anneal Available (RoHS Compliant)
The 13-bit output of the Phase Offset Adder is mapped to the
sine wave amplitude via the Sine ROM. The output data Applications
format is offset binary to simplify interfacing to D/A ) o )
converters. Spurious frequency components in the output + Direct Digital Synthesis
sinusoid are less than -69dBc. * Modulation
The NCO12 has applications as a Direct Digital Synthesizer + PSK Communications
ang ;nodtL.JIator in IOV\t/ cost digital radios, satellite terminals, . Related Products
and uhction generators. - HI5731 12-Bit, 100MHz D/A Converter
Ordering Information
TEMP. PKG.
PART NUMBER PART MARKING |RANGE (°C) PACKAGE DWG. #
HSP45102SC-33 (No longer available, recommended HSP45102SC-33 0to+70 |28 Ld SOIC (300 mil) M28.3
replacement: HSP45102SC-332)
HSP45102SC-33Z (Note) HSP45102SC-33Z| O0to+70 |28 Ld SOIC (300 mil) (Pb-free)|M28.3
HSP45102SC-40 HSP45102SC -40 Oto+70 |28 Ld SOIC (300 mil) M28.3
HSP45102SC-40Z (Note) HSP45102SC-40Z| O0to+70 |28 Ld SOIC (300 mil)(Pb-free) |M28.3
HSP45102S1-33Z (Note) HSP45102S1-33Z 0to+70 |28 Ld SOIC (300 mil) (Pb-free)|M28.3

NOTE: Pb-free plus anneal products employ special Pb-free material sets; molding compounds/die attach materials and 100% matte tin plate
termination finish, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Pb-free products are MSL
classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.
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Pinout
HSP45102
(28 LEAD SOIC)
TOP VIEW
outs [1] ~ 28] ouT5
ouT7 [2] 27] ouT4
ouTs [3] 26] ouTs3
ouT9 [4] 25] ouT2
ouT10 [5] [24] ouT1
ouT11 [6] 23] ouTo
GND [7] 22] v
Vee [8] 21] GND
SEL_L/M [9] 20] Po
SFTEN [10] 19] P1
MSB/LSB [11] 18] LOAD
ENPHAC [12] [17] TXFR
sD [13] [16] cLk
SCLK [14] [15] GND
Pin Description
NAME TYPE DESCRIPTION
Vce +5V power supply pin.
GND Ground
PO0-1 | Phase modulation inputs (become active after a pipeline delay of four clocks). A phase shift of 0°, 90°,
180°, or 270° can be selected as shown in Table 1.
CLK | NCO clock. (CMOS level)
SCLK | This pin clocks the frequency control shift register.
SEL_L/M | A high on this input selects the least significant 32 bits of the 64-bit frequency register as the input to
the phase accumulator; a low selects the most significant 32 bits.
SFTEN | The active low input enables the shifting of the frequency register.
MSB/LSB | This input selects the shift direction of the frequency register. A low on this input shifts in the data LSB
first; a high shifts in the data MSB first.
ENPHAC | This pin, when low, enables the clocking of the Phase Accumulator. This input has a pipeline delay of
four clocks.
SD | Data on this pin is shifted into the frequency register by the rising edge of SCLK when SFTEN is low.
TXFR | This active low input is clocked onto the chip by CLK and becomes active after a pipeline delay of four

clocks. When low, the frequency control word selected by SEL_L/M is transferred from the frequency
register to the phase accumulator’s input register.

LOAD | This input becomes active after a pipeline delay of five clocks. When low, the feedback in the phase
accumulator is zeroed.
OuUTO-11 (0] Output data. OUTO is LSB. Unsigned.

All inputs are TTL level, with the exception of CLK.
Overline designates active low signals.
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FIGURE 1. NCO-12 FUNCTIONAL BLOCK DIAGRAM

Functional Description

The NCO12 produces a 12-bit sinusoid whose frequency and
phase are digitally controlled. The frequency of the sine wave
is determined by one of two 32-bit words. Selection of the
active word is made by SEL_L/M. The phase of the output is
controlled by the two-bit input PO-1, which is used to select a
phase offset of 0°, 90°, 180°, or 270°.

As shown in the Block Diagram, the NCO12 consists of a
Frequency Control Section, a Phase Accumulator, a Phase
Offset Adder and a Sine ROM. The Frequency Control section
serially loads the frequency control word into the frequency
register. The Phase Accumulator and Phase Offset Adder
compute the phase angle using the frequency control word and
the two phase modulation inputs. The Sine ROM generates the
sine of the computed phase angle. The format of the 12-bit
output is offset binary.

Frequency Control Section

The Frequency Control Section shown in Figure 1 serially
loads the frequency data into a 64-bit, bidirectional shift
register. The shift direction is selected with the MSB/LSB input.
When this input is high, the frequency control word on the SD
input is shifted into the register MSB first. When MSB/LSB is
low the data is shifted in LSB first. The register shifts on the
rising edge of SCLK when SFTEN is low. The timing of these
signals is shown in Figures 2A and 2B.

The 64 bits of the frequency register are sent to the Phase
Accumulator Section where 32 bits are selected to control the
frequency of the sinusoidal output.

Phase Accumulator Section

The phase accumulator and phase offset adder compute the
phase of the sine wave from the frequency control word and
the phase modulation bits PO-1. The architecture is shown in
Figure 1. The most significant 13 bits of the 32-bit phase
accumulator are summed with the two-bit phase offset to
generate the 13-bit phase input to the Sine Rom. A value of 0
corresponds to 0°, a value of 1000 hexadecimal corresponds
to a value of 180°.

The phase accumulator advances the phase by the amount
programmed into the frequency control register. The output
frequency is equal to:

flo = (Nxfe /2%, or (EQ. 1)
fOUT 32

N = INT|| =——[277|, (EQ. 2)
fCLK

where N is the 32 bits of frequency control word that is
programmed. INT[*] is the integer of the computation. For
example, if the control word is 20000000 hexadecimal and the
clock frequency is 30MHz, then the output frequency would be
fcLk/8, or 3.75MHz.

The frequency control multiplexer selects the least significant
32 bits from the 64-bit frequency control register when
SEL_L/Mis high, and the most significant 32 bits when
SEL_L/M is low. When only one frequency word is desired,
SEL_L/M and MSB/LSB must be either both high or both low.
This is due to the fact that when a frequency control word is
loaded into the shift register LSB first, it enters through the
most significant bit of the register. After 32 bits have been
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shifted in, they will reside in the 32 most significant bits of the
64-bit register.

When TXFR is asserted, the 32 bits selected by the frequency
control multiplexer are clocked into the phase accumulator input
register. At each clock, the contents of this register are summed
with the current contents of the accumulator to step to the new
phase. The phase accumulator stepping may be inhibited by
holding ENPHAC high. The phase accumulator may be loaded
with the value in the input register by asserting LOAD, which
zeroes the feedback to the phase accumulator.

The phase adder sums the encoded phase modulation bits
P0-1 and the output of the phase accumulator to offset the
phase by 0°, 90°, 180° or 270°. The two bits are encoded to
produce the phase mapping shown in Table 1. This phase
mapping is provided for direct connection to the in-phase and
quadrature data bits for QPSK modulation.

TABLE 1. PHASE MAPPING

P0-1 CODING
P1 PO PHASE SHIFT (DEGREES)
0 0 0
0 1 90
1 0 270
1 1 180
ROM Section

The ROM section generates the 12-bit sine value from the 13-
bit output of the phase adder. The output format is offset binary
and ranges from 001 to FFF hexadecimal, centered around
800 hexadecimal.
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FIGURE 2A. FREQUENCY LOADING ENABLED BY SFTEN
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FIGURE 2B. FREQUENCY LOADING CONTROLLED BY SCLK
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Absolute Maximum Ratings T, = +25°C

SupplyVoltage. . .. ... +6.0V
Input, Output or I/O Voltage Applied . . ... GND -0.5V to V¢ +0.5V
ESD Classification. .. ....... .. ... ... ... ... . ... Class 1

Operating Conditions

Operating Voltage Range (Commercial, Industrial). . +4.75V to +5.25V
Operating Temperature Range (Commercial) . .. .. .. 0°C to +70°C
Operating Temperature Range (Industrial) ........ -40°C to +85°C

Thermal Information

Thermal Resistance (Typical, Note 1) 04a (°C/W)
SOICPackage .. .......coviiiiiin. 70
Maximum Junction Temperature . .. ................... +150°C
Maximum Storage Temperature Range. . ........ -65°C to +150°C
Pb-free reflowprofile . . .......... ... ... ... ... ... see TB493

Die Characteristics
Backside Potential . .. ......... ... ... .. oo Vce

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.

NOTE:

1. 044 is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Logical One Input Voltage Vin Vce =5.25V 2.0 - \
Logical Zero Input Voltage ViL Vcoe =4.75V - 0.8
High Level Clock Input ViHC Vce =5.25V 3.0 - \
Low Level Clock Input ViLe Vcg =4.75V - 0.8 \
Output HIGH Voltage VoH loH = -400uA, Ve =4.75V 2.6 - \Y
Output LOW Voltage VoL loL =+2.0mA, Vg =4.75V - 0.4 \
Input Leakage Current I VIN = Ve or GND, Ve = 5.25V -10 10 pA
Standby Power Supply Current lccss VIN = Vec or GND, Ve = 5.25V, Note 4 - 500 pA
Operating Power Supply Current lccop f=33MHz, V|N = Vg or GND - 99 mA
Vce =5.25V, Notes 2 and 4
Capacitance Tp =+25°C, Note 3
PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Input Capacitance CiNn FREQ = 1MHz, Vg = Open. All - 10 pF
Output Capacitance Co measurements are referenced to device i 10 oF
ground
NOTES:
2. Power supply current is proportional to operating frequency. Typical rating for Iccop is 3mA/MHz.
3. Not tested, but characterized at initial design and at major process/design changes.
4. Output load per test load circuit with switch open and C_ = 40pF.
FN2810 Rev 9.01 Page 6 of 10

Jan 28, 2020 RENESAS


https://www.renesas.com/www/doc/tech-brief/tb493.pdf

HSP45102

AC Electrical Specifications Vg =5.0V 5%, Tp = 0°C to +70°C, T = -40°C to +85°C (Note 5)

-33 (33MHz) -40 (40MHz)
PARAMETER SYMBOL NOTES MIN MAX MIN MAX UNITS

Clock Period tcp 30 - 25 - ns
Clock High tcH 12 - 10 - ns
Clock Low toL 12 - 10 - ns
SCLK High/Low tsw 12 - 10 - ns
Setup Time SD to SCLK Going High tps 12 - 12 - ns
Hold Time SD from SCLK Going High tpH 0 - 0 - ns
Setup Time SFTEN, MSB/LSB to SCLK Going High tms 15 - 12 - ns
Hold Time SFTEN, MSB/LSB from SCLK Going High tMH 0 - 0 - ns
Setup Time SCLK High to CLK Going High tss Note 6 16 - 15 - ns
Setup Time P0-1 to CLK Going High tps 15 - 12 - ns
Hold Time P0-1 from CLK Going High tPH 1 - 1 - ns
Setup Time LOAD, TXFR, ENPHAC, SEL_L/M tes 15 - 13 - ns
to CLK Going High

Hold Time LOAD, TXFR, ENPHAC, SEL_L/M ten 1 - 1 - ns
from CLK Going High

CLK to Output Delay toH 2 15 2 13 ns
Output Rise, Fall Time tRF Note 7 8 - 8 - ns

NOTES:

5. AC testing is performed as follows: Input levels (CLK Input) 4.0V and 0V; Input levels (all other inputs) 0V and 3.0V; 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 Vo > 1.5V and
VoL <1.5V.

6. If TXFR is active, care must be taken to not violate setup and hold times as data from the shift registers may not have settled before CLK occurs.

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

AC Test Load Circuit

DUT $q
I: CL (NOTE)

SWITCH S1 OPEN FOR Iccsg AND Iccop

NOTE: Test head capacitance.
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Waveforms

LOAD, TXFR, tes tey
ENPHAC, SEL_L/M

— > toH < tRF
0ouTOo-11 %2 P o ——
L fsw  ftss tsw
tps tpH
SD
tms tMH
MSB/LSB,
SFTEN
FIGURE 4.
Revision History
Rev. Date Description
9.01 | Jan 28, 2020 | Updated Ordering Information.
Added Revision History table.
Updated POD M28.3 from rev 0 to rev 1. Changes:
- Added land pattern
Updated Disclaimer.
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Small Outline Plastic Packages (SOIC)
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For the most recent package outline drawing, see M28.3.

M28.3 (JEDEC MS-013-AE ISSUE C)
28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES
A 0.0926 | 0.1043 | 2.35 2.65 -
A1 0.0040 | 0.0118 | 0.10 0.30 -
B 0.013 0.0200 | 0.33 0.51 9
Cc 0.0091 | 0.0125 | 0.23 0.32 -
D 0.6969 | 0.7125 |17.70 18.10 3
E 0.2914 | 0.2992 | 7.40 7.60 4
e 0.05BSC 1.27 BSC -
H 0.394 0.419 10.00 10.65 -
h 0.01 0.029 0.25 0.75 5
L 0.016 0.050 0.40 1.27 6
N 28 28 7
a 0° 8° 0° 8° -
Rev. 1, 1/13
NOTES:

1.

2.
3.

© 0o N O

10.

Symbols are defined in the “MO Series Symbol List” in Section 2.2 of
Publication Number 95.

Dimensioning and tolerancing per ANSI Y14.5M-1982.

Dimension “D” does not include mold flash, protrusions or gate burrs.
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

. Dimension “E” does not include interlead flash or protrusions. Interlead

flash and protrusions shall not exceed 0.25mm (0.010 inch) per side.

. The chamfer on the body is optional. If it is not present, a visual index

feature must be located within the crosshatched area.

. “L”is the length of terminal for soldering to a substrate.

. “N” is the number of terminal positions.

. Terminal numbers are shown for reference only.

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater above

the seating plane, shall not exceed a maximum value of 0.61mm
(0.024 inch)

Controlling dimension: MILLIMETER. Converted inch dimensions are
not necessarily exact.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers skilled in the art designing with Renesas products. You are solely responsible
for (1) selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only for
development of an application that uses Renesas products. Other reproduction or use of these resources is strictly
prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual property.
Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims,
damages, costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject
to Renesas' Terms and Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources
expands or otherwise alters any applicable warranties or warranty disclaimers for these products.

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
Www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

(Rev.1.0 Mar 2020)

Contact Information

For further information on a product, technology, the most
up-to-date version of a document, or your nearest sales
office, please visit:

www.renesas.com/contact/

© 2020 Renesas Electronics Corporation. All rights reserved.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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