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MATEL

HDR240¢6

One-Inch Square Package.
16-bit Digital-to-Resolver Converter.
Microprocessor Compatible.

e 28-pin Square package

1 arc-minute accuracy

0.03% radius accuracy

Microprocessor compatible
(8 and 16-bit)

Double buffered inputs

Pin-programmable reference Input
(for 26 and 115 V-rms)

dc-couplecl reference and outputs

Requires only +=15-V power supplies

TTL and CMOS compatible

MIL-STD-£33 Processing IS Avallal')Ie

ACTUAL SIZE

Applications

Digital Remote positioner

Axis rotation

Vector resolution

Resolver computing circuits
Digital-to-resolver (synchro) converter
Low frequency oscillator

Radar and navigational systems
Flight instrumentation

Designed primarily “cr use within a resolver of size 15 or larger, the
Model HDR2406 is contained in a 1-inch square
hermetically-sealec package. Offering both 8- and 16-hit
microprocessor compatibility the converter accepts a digital input
of 16-bits (CMOS/TTL.) as angle # and a reference voltage of either
115 V-rms or 26 V-rms to generate the resolver outputs cf 6.8 Sin ¢
and 6.8 Cos 6.

Model 2406 does no:require a +5-V logic supply. The digital :nputs
are TTL and 5-V CMOS compatible. Internally derived logic
thresholds are 0.8 V/-dc for a logic “low” and 2.4 V-dc for a iogic
“high.”

All data bits (B1 through B16) are actively pulled down to ground. If
the converter requires less than 16-bit resolution, the unused data
bit pins may be left unconnected. Control Signals LBE, HBE , and
LDC are actively pulted-up to logic “high.” When not required by
your application, th:ese pins may also be left open

Although designed to interface with most microprocessors, the
HDR2406 may be used in conventional appications without any
external components or additional connections.

Model HDR2406 converters are available with angular accuracies
of 1, 2, 4 and 8 arc-minutes. These accuracies are guaranteed over
the specified operating temperature range. The exceptionally high
accuracy of these converters is achieved by a unique design
approach that uses buffer amplifier circuits to eliminate the effects
of analog switch resistance instead of requiring special
compensation circuits.

Matched thinfilm resistors are used to generate the sire and
cosine outputs to assure excellent angular accuracy

over the entire operating temperature range. All gain resistors
are actively laser trimmed to achieve precise performance.

HDR2406



Theory of Operation
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FIGURE 1 2406 Block Diagram

The operatior ¢f the Model 2406 is iliustrated in the functional block
diagram offig..1e 1. The reference voitage is applied to a differential
operational ampliier in the reference conditioner. The digital word
representing tre input angle is applied to input buffers . Two
input registers accept 16-bits from the microprocessor. In
conjunction with an 8-bit data bus, each inpu. register can
be independantly enabled to accept the 16-bi: word in two
8-bit bytes. When interfacing with 16-bit data bus both input
registers are enabled simultaneously to accept a 16-bit parallel
inputword. Tke 16-bitdata word is then parallel-loa:ied into hoiding
register and processed through a Muitiplying Digital-to-Sin/Cos
converter.

The multiplyin: digital-to-sinicos converter is made up of two
function generz tors (sin 9 and cos 8) and quadrant sele:ct network.

The digital input code is natural binary angle. T1e two most
significant bits (Bit 1 = 180°, Bit 2 = 90°) detern"ine the quadrant
information. Bits 3 through 16, containing anguiar information
together with buffered reference voltage, are applied to two
function generators. The operation of the function generators is
very similar to a 4-quadrant multiplying DAC. Like a conventional
DAC, the 2406 uses resistive ladder networks =nd solid state
switching to control the attenuation of the reference voltage. The
ladder networks, however, are designed to attenuate the input
reference proportional to the sine and cosine of the digital input
angle. A unique approach is used in the design of ladder networks
to obtain high accuracy in the sine and cosine generation so that
they canbe used as independentiy accurate funct ons. The outputs
of function generators are then applied to a quadrant select
network to obtain true sin 6 and cos 6 outputs.
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Specitications

PARAMETER

VALUE

REMARKS

Digital Angular Resolution

16 bits {0.33 arc-minutes)

MSB = 180° LSB = 0.0055°

Accuracy

+8 arc-minutes (option L}
+4 arc-minutes (option )
+2 arc-minutes (option H)
+1 arc-minute foption Vi

Accuracy applies over
operating temp. range

Scale Factor Variation
(Transtorimation ratio Error)

10.03% maximum

Simultaneous amplitude variation in both outputs
as a function of digital angle.

Reference Input (RH-RL)

115 V-rms or 26 V-rras

Differential solid state input

Frequency ange

Input impedance

dc to 1000 Hz (option 4
dc to 5 kHz (optior 5)

Differential 230k
Differential 52k}

For 115 V-rms reference
For 26 V-rms reference

Analog Outputs 6.8 V-rms «£1% Qutput voltage varies directly
{Max SIN 4 COS #) in proportion to reference voltage
Output Cur-ent 2mA-rms short circuit protected

Output innedance <1 ohm Operational amplifier output

Zero offset (dc)

Oftset drift

10 mV typicai, +2f{ mV maximum

25uV/° C typical, 50,V/ ' 2 maximum

Improved offset available by
internal offset trimming

Output Settling Time

50 usec maximum t.; ac< uracy of the converter

For any analog or digital step change

Digital inputs
Logic Volinge Levels

CMOS transient protected

Logic ‘0"
lLogic 1"

-03V-dcto03v-d
+24 V-dc o 5§ 5V-d:

Does not need externai logic voitage
01 TTL load

Input Cur-ents

Data Bits =1-B16)

15 pA typical. actvi pi I dowr to Ground (GND)

Forless than 16-bits input,
unused pins can be left unconnected

HBE. LBE, .DC

-15 pA typical Cacti =7 ot up te
Internal Logic Supp -

When not used pins can be left unconnected

Register Controls

HBE

Pulse Wid h
Data Set-Lp time

Data Hold "ime

Logic 1”7
Logic "0

Logic 1"
Logic 0"

Logic 't
Logic 0

600 nsec minirium
200 nsec mimrium

200 nsec minimum

8 MSBs enter high byte input register
High byte register remains unaffected

8 LSBs enter low byte input register
Low byte register remains unaffected

Data from input registers transferrec to hielging register
Data :n holding register remains unaftected

For guaranteed data transfer
Before data transfer

Before input data changes

Power Supplies

Supply vo teges (*Vg)
Supply Cuients
Suppiy Rejsction

15 V-dc * 10%
20 mA maximum
80 dB typical

Without output clipping

Physical Characteristics

Type
Size

Weight

28 Pin Square

1.0x1.0x0.21 inch
(25 x25>x5.3mm)

0.6 0z (17 g) max

Absolute Maximum Ratings

Reference Input . ... ... ..
Power Supply Voltages (+Vs)
Digital Inputs. . .. ... ...

........................ Twice Normal Voltage

.x18 V-dc

......................... ~0.3 V-dc 10 6.5 V-dc

Storage Temperature ... -65Cto +135°C

Although Digital inputs are CMOS protected, storage in conductive foam is recommended.

When installin:; cn or removing the converter from prnted circuit boards or sockets, itis recommended that the pcwer supply
be turned off. Cecoupling capacitors are recomm ended on the +Vgand-Vgsupplies. A 1uF tantalum capacitor ir: parallel
with 0.01 uF ¢:ramic capacitor should be mounted as close to the supply pins as possible.
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Pin Designations

GND

B1-B16

HBE

LBE

LDC

Note:

+Vs, —Vs

Power Supply Ground
Digital Ground
Analog Signal Ground

Parallel Data Input Bits
B1is MSB = 180 degrees
B16 is LSB == 0.0055 degree

High Byte Enable —

Data inputs B1 through B8 enter the input buffer
registerwhen HBE is settoalogic hign.” When
HBE is set to Logic “Low” the input register is in
the hold mode and is not affectec by digital
activity at the input data bits B1-E8 pins.

Low Byte Enable —

Data inputs B9 through B16 enter the input buffer
register when LBE is set to Logic ‘High.” When
I.BE is set to Logic “Low” the input register is in
the hold mode and is not affected by digital
activity at the input data bits B9-E 16 pins.

Load Converter —

When LDC is set to a Logic “High," the converter
will transfer the contents of the input buffer
registers to the 16-bit holding registar. When LDC
is set to Logic “Low,"” the converter is in the
Fold mode and is not affected by cugital activity
in the input registers.

For continuous updating HBE. LBE and LDC may
be left open. Internal active pull-u,» wil force
these functions to a Logic “High”

Supply Voltage —
Typically =15 V-dc

B6 B5 B4 B3 B2 Bl

6 5 4 3 2 1
B8 |8 28 | SIN#
HBE | 9 27 | RH115
LBE | 10 26 |RH26
B9 ] t1 25 | - Vs
B1o |12 24 1 - Vs
B11]113 23 | GND
B12 |14 22 |RL26
16 17 18 19 20 21
B13 B14 B15 Bt6 LDC COS¢ RL115
FIGURE 2 HDR2406 Pin Assignmenis
SIN 4, COS ¢ Output Analog Signals

RH115, RL.115 Reference Voltage Input for 115 v-rms reference

RH26, RL26

Reference Voltage Input for 26 \'-rms reference

Caution: Reversal of +Vs and —Vs power supply connections
will result in permanent damage to the ccnverter.

Digital Remote Positioner Using HDR2406

Using the HDR2406, a self-contained

digital remote pzsitioner can be
constructed as shown in figure 3. The
remote digital angular input 8, together with
anac reference is; applied to HDR2406. The
output of the HDR2406 is connected to a
resolver that proluces an analog error
signal which is then demodulated and |
amplified and azplied to adc torque motor. L
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With the direct d-ive construction (motor
armature and rzsolver rotor on the same
shaft), they will t 1rn tegether without any
additional error ¢r change in position

normally caused biy gearing. If the digital
input is continuo 1sly up-dated. the digital

remote positione- shaft will rotate

continuously.

MOTCR

POWEF
SUPPL -

Although model HDR2406 is specified for
reference voltages of 115 and 26 V-rms,
other reference \oltages can be
accommodated. Contact the Natel
Application or Szles Department for your
specific require ents.

derac
INVERTE R

FIGURE 3 Digital Remote Positioner



Digital Interface

The double buffered input registers of the HDR2406
offer the user an easily implemented interface with 8-or
16-bit microprocessor data buses. For applications not
involving a microprocessor, independently controlled
8-bit latching registers give the user the flexibil:ity «f

Continucus Operation

designing his own interface system. Provision has also
been made for asynchronous data inputs through the
use of the LDC control function. Asynchronous data
inputs up to 16 bits can be accommodated.

z
7

Asynchronous converter operation, without tim ng
controls, is stown in figure 5. Inputs LBE; HBE and LDC
have internal pall-up circuitry, permitting these pins to
be left open. The parallel information at the data inputs
B1-B16 is continuously converted to sin@ and cosé at
the analog outputs. For applications requiring |2ss than
16-bit resolution, unused pins can be left open Intarnal
pull-down circuitry applies a logic “0" to unconnected
data inputs B1-B16.

Two-Byte Loading
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FIGURE 5 Digital Connection for Continuous Operation

The circuit contiguration for two-byte loading < f angular
data from a data bus is shown in figure 6. As shown in
figure 7 timing d-agram, the 8 LSBs (B9-B15) ar»
transferred to tre low-byte input register wnen | BE is a
logic "1". LBE can be "High” when data bits are
changing, but must remain "High” for a mirimu n ¢t

800 nsec after the data is stable Data should be he d for
200 nsec (data hold time) after LBE goes "Low. Biis
B1-B8 are trans-erred to the high-byte input register
when HBE is 3 iogic “1." The timing requiremerts are

—] 1
» 2
>
;3 oletto i 0ar 58,
S ‘l‘ L\ AL MER
8 t O LOAD
DATA-BUS 7 S[* e
8 HDR2406
MSB)  p7 —»{11
D5 »1z
D5 13
D4 14
D3 18
D2 18
o1 17
1s8: 00 »|1s
b HBE
—» e |

FIGURE 6 Digitai Connections for Two-Byte Loading

CONVERTER

the same as those for LBE. Data are transferred from
the two input registers to the holding register when LDC
(load converter) is at logic “1.” If LDC is at logic "0," the
contents o the holding register are latched an: remain
at their previous values unatfected by changes at the
data inputs or input registers.

Note that LBE . HBE and LDC are level-actuated functions.
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FIGURE 7 Two-Byte Loading

Single Byte Loading

Single 16-bitbyte loading is illustrated in figure 8. /1s shown
in the timing diagram (figure 9), 200 nsec after tt e data is
stable, the inpL= angular information is transferred 1 the

(MSB)
O—

LBE
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HSE T R 0ADD-TAPl sE

HDA2406

T

CONVERT: R

FIGURE & Digital C:onnections for One Byte (16 bits) Laading

holding register when LDC is at a logic "1". LDZ is a
level-actuated function and must remain high for the
times specified in the timing diagram.
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DATA | oata 7 INPUT REGISTERS
CHANGING | STEADY |

DATA m ALL 16 BITS KXL
| |
I | I
£00ns—=] 200
,<— a-! |'¢ ns

MIN MIN
HBE LBE

6
| b ASPJS’J } DATA TRANSFEKRE: TO
| HOLDING REGISTERS
! 600N ]
™ min

LD ! I l

FIGURE 9 Single-Byte Loading



lmerfacing with a 16-bit, 68000 microprocessor
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FIGURE 10 Interfacing Digital To Resolver Converter With 16-Bit Microprocessor.

Figure 10 shows the interface for a
g
ANOTHER BUS TRANSFER MAY OCCUR IN

digital-to-resolver converter with a THIS INTERVAL, IF ATTEMFT 13 MADE TO
16-bit microprccessor. Interface AUTOMATICALLY DELAYEE DL 0C
timing is shown in figure 11. To TIMING REQUIREMENT 'S HATISFIED
simplify the interface, a counter- 1 200 300 1760 “800
driven control er sequences the 4 s to 1 6 1
converter's control lines. Whenever Mﬂmmm m—{_Lﬂ
the microproczassor performs a pate —{ 1 T CATAVALD i )_ |
16-bit word wiite, the 74LS163 65— | | ! — :
counter is erabled. Outputs of the ‘ : ‘ |
counter drive 1 74LS138, which - ___/J ‘ 1: ‘w; |
generates the strobes to sequence o _ .
HBE/LBE, DTACK, and LDC. If the 2 _JJ_:\_[__\__F‘LJ“NJﬁ\_/_\_/_LJ \ :
microprocessor attempts to do a o —— \_:/ AN \/ \ / B A
byte write (0--y one data strobe YL R S U S Sa—
active), then a bus error (BERR) “g : ' ) [ A
is generated. BERR terminates the we o ! ! } !
bus cycle aniy automatically <BE Lo ——| 2000sf \800 s | 1000 ns 1600 s
generates an exception call to the (e 7 1
operating syst2m. To move a 16-bit ATACK v ,

word from a rmemory location or

microprocessr register, the TACK ang DS UBS ang (DS

instruction MOVE. W EA, HDR2406

could be use: FIGURE 11 16-Bit Microprocessor Interface Timing



Memory-Mapped 1/0 With 8080 Microprocessor
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: LOW BYTE ADDRESS 5XX1H
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A T
"om NOTE ADDRESSES 5003H THROUGH
8 o SEEFH ARE NOT AVAILABLE UNLESS

L EXTRA DECODERS 74LS81361 ARE INCLLDED

FIGURE 12 80804 P-H['R2406 Memory~ Mapped Interface Connection Diagram

A typical example of a microprocessor interface (sing memory mapping and an 8080-type 8-bit uP is shown in figure
12 Memory-mapped I/O enables the HDR2406 to receive data from tne uP using the same instructions that are
required to transfer data to and from memory locations. This means that, in addition to the accumulator, ary of the
internal regizfers can be used to transfer data to 'he converter. This is a particularly attractive feature, sirice the use of
the SHLD ins:ruction permits transfer of a 16-bit >utput to the HDR2406 with a single instruction.

As is shown 1 figure 12, the control signals rece ssary to operate the converter are provided by the external gating
structure. The CS signal (Chip Select) is gent rated by decoding the address bus with the 74LS136 exclusiva-or gates,
hard-wired to the selected address. In the examp e, only the apper 4 acdress lines are decoded. When the address
SXXXH is decoded, CS goes low enabling the 741 S29 control gates. When the selected address is 5XX1H and the WR
line goes low DO0-D7 are transferred to the low-bvie input register. When WR returns to high, LBE goes low, latching
the data. Us -¢ the SHLD instruction, the nex! pricessor cycle will increment the address to 5XX2H and output the
next byte of cata. When WR again goes low. HBE and LDC go high, transferring both data bytes to the co-verter’s

16-bit haoldir ; register, at which time the comers:on takes ptace. The data format for loading the H and L registers is
shown below:

H Reqisters -- High Byte L Registers -- Low Byte
B-|B2|B3|[B4|B5|8B6|B7 ]:l] B9 | B10| B11|B12| B13|B14| B15|B16
D:; D6 D5 D4 D3 D2 D1 Dy D6 D5 D4 D3I D2 D1 [0
(M:=3) LEB)
Other Synchro Conversion products available from NATEL
* Two-speed ogic combiner with 20-bit, 3 stat or.tput, in ¢ Low profile Digital-to-Synchro/Resolver converters

a1.3x26 x.35inch size (TSL1x36)
¢ Two-speed Synchro (Resolver)-to-Digital converters

* 14 and 16-bi: Digital to Synchro/Resolver co we:ters, with 16 and 20-bit resolutions ir a single package.
with internal power amplifiers (5012, 5112, 5 16 (Models 25D402 and 2SD412).
* High power Synchro/Resolver Drivers ¢ Solid State control transformers (SSCT) and differential

transmitters (SCDX).

10 to 20-bit cingle-speed Synchro-to-Digital ~onverters

. * Angle position indicators and synchro instrumentation
Hybrid synchiro converters - see page 8 for one-speed and muiti-speed applications.



TOP VIEW

995 - 020
e —— - —————

e e
252y
——— hfgeggr/ﬁ e~ DENOTES PN
> 100 - /
2 54) D R
f <N 0 4 4 \
-
(264}
3> o o 0o o o0 Vet — p——»1 —————
7 6 5 4 3 2
Os 8 —- e —————— TOLERANCES
100 TvF v
@5 XXX 005
7 —— 31
Os ‘ NOTES
1 CASE IS ELI CTAICALLY FLOATING
2 CONTAINER IS KDVAA ELEGTROLE SS N'CKE L
% ————— PLATED 10¢: TZ 200 MICRO INCHE 5
O L THK.PINS GIL> 2L ATED PER
= 020 MIL (45204 TYFE | CLASS 150 MICRO INCHES THK
295 3 DESIGNATIONS £RE FOR REFERENCE ONLY AND
" a5 a0 @02 I DO NOT APPEAR ON UNIT
% - {203 4 PIN #1(5 Dt SIGNATED BY A COLCRED 1D BEAD
5 DIMENSIONS SFOWN IN INCHES AN (MM)
O 12 244 ——
|
O3 3 — ~7I i —
14 22 (1 pot ———— 018 DIA TYF
© 100 TYF i [0.46)
284 |
1 16 1 18 1% 20 |
0 O 0 O 0 0 O— — fme— | ———
e S \ i T
| 20 25 TYPICAL
TR P G

E)
MECHANICAL OUTLINE

Ordering Information Other Hybrid products

HDR 2406-T F A  16-bit microprocessor-compatible synchro/resolver-to-
I I digital converter, with 3 state output, operating from a
Temperature Range Accuracy single +5-V power supply (HSRD1006'
1=0°C "0 +70°C L = +8 arc-minutes ‘
2 = .95° (3 to +85°C S = *4 arc-minutes e 16-bit m|croprocessqr—compatible digital to synchro’
3= 55°C.10+125°C H = =2 arc-mirutes resolver converter with double buffered inputs and
V = =1 arc-minute 1 arc-minute accuracy (HDSR2006)
Frequency Range ) o
4 = de to 1000 Hz . 1é-b|t synchro(revsolver.)-tAo-dngltal converter.s
5= dcto 5 kHz ) pin-compatible with existing designs, out with

superior performance (HSD/HRD1014)

—_ « 10-bit synchro (resolver)-to-digital converters that are
pin compatible with existing designs (HSD/HRD1510)
MIL-STD-883 COMPLIANT HYBRIDS AVAILABLE

Contact Natel Engineering for Delivery » 14/16-bit synchro (resolver) control transformer with

1 arc minute accuracy (HSCT/HRCT3006)

« 14-bit Digital-to-Synchro/Resolver corverter that is
pin-compatible with existing designs, with
transformation and angular accuracy improvement
of a factor of 2 to 4 (HDSR2504).

A wide range of applications assistance is available from Natel. Application Notes can be requested when available .
and Natel's aoplications engineers are at your disposal for specific prcblems.
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