2 VA Output, Microprocessor Compatible
16-bit Digital-to-Resolver Converter

IMATEL

HDR2606 </, - -
| Features —— 0 ————————————

255 oriy
e Fully protected 2 VA output n

(current limiting) o 006391
(short circuit proof)
(voltage feedback transients)

e Optional Zener Diode output
(additional protection against inductive
spikes on output)

e 1 arc-minute accuracy

e Output remote sensing
(for driving long load lines)

e 0.03% max scale factor variation
(sin, cos conformance)

e Microprocessor Compatible
(8 and 16-bit)

e Double-buffered inputs

e Does not require +5 V power supply
e TTL and CMOS compatible

e Hi-rel MIL-STD-883B processing

e Priced at $395/USA/single unit price
(HDR2606-14S)

LA

NTZ—~

ACTUAL SIZE

Applications

Flight Simulation

Flight Instrumentation

Fire Control Systems

Position Control Systems
Driving CRT displays

Radar and Navigation Systems.

Offering both 8- and 16-bit microprocessor compatibility,
the HDR2606 is the only hybrid digital-to-resolver
converter available that provides 2-VA output drive, 16-bit
resolution and 1 arc-minute accuracy. The other
outstanding features include double-buffered inputs,
0.03% vector accuracy and fully protected analog sine
and cosine outputs.

Packaged in a 40-pin triple DIP, the converter does not
require a +5-V logic supply. The digital inputs 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 logic “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. Controf Signals LBE, HBE and LDC are
actively pulled-up to logic “*high” so that the

HDR2606 may be used in conventional applications

{

without any external components or additional
connections.

The output power stage can be driven by a =15 V-dc
power supply or pulsating supplies for higher

efficiency. The output protection includes current
limiting, short circuit and voltage feedback transients.
For additional protection against transients, optional zener
protection is available at the sine and cosine outputs.

Model HDR2606 converters are available with angular
accuracies of 1, 2 and 4 arc-minutes. These accuracies
are guaranteed over the specified operating

temperature range. In addition, output remote sensing is
provided to reduce errors caused by long output lines and
heavy loads. Matched thin-film resistors are used to scale
the reference input as well as the sine and cosine outputs
to assure excellent performance over the entire operating
temperature range. All gain resistors are actively laser
trimmed to achieve precise perfarmance.

HDR2606



Theory of Operation
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FIGURE 1 2606 Block Diagram

Operation of the HDR2606 is illustrated in the functional biock
diagram of figure 1. The reference voltage is applied to a
differential amplifier to obtain a buffered reference (VR). The
digital word representing the 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
input register can be separately enabled to accept the 16-bit
word in two 8-bit bytes. This is accomplished by setting HBE
to Logic “High” (High Byte enable), to load 8 MSBs (most
significant bits). And . . . seiting LBE (Low Byte enable) to
Logic “High” to load 8 LSBs (least significant bits). The 16-bit
data word is then parallel-ioaded into a holding register and
processed through a multiplying Digital-to-Sin/Cos converter.

Although not required for interfacing with a 16-bit data
bus, the holding register is very important when inter-
tacing with an 8-bit data bus. Without the 16-bit holding
register, the output could hunt (go both clockwise and
counterclockwise) while the digital input angle is
changing in one direction only. For a continuous circular
motion (most applications for digital-to-resolver con-
verter) this hunt or jitter condition could occur 256 times
in a circle i.e., every 1.4 degree.

The 16-bit holding register is enabled by setting the LDC
(Load Converter) to Logic “High.” When interfacing with a
16-bit data bus, both input registers are enabled
simultaneously to accept a 16-bit parallel input word.

The multiplying digital-to-sin/cos converter is made up of two
function generators (sin ¢ and cos ) and a

quadrant-select network. The digital input code is natural
binary angle. The two most significant bits (Bit 1 = 180°, Bit 2
= 90°) determine the quadrant information. Bits 3 through 16,
containing angular 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
2606 uses resistive ladder networks and 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. The outputs of function generators are then appliedto a
quadrant select network to obtain true sin 6 and cos 6 outputs.
The sin 6 and cos 6 outputs are then applied to power
amplifiers to obtain 2-VA drive capability at the analog
outputs. For applications requiring remote sensing, the SIN
SENSE and COS SENSE functions are brought out from
output power amplifier stage. In addition, optional transient
protection (back-to-back zener diodes) is available for sin,
cos outputs. The output amplifiers can be powered by either
+15 V-dc or a pulsating power supply for improved
efficiency.

Besides short-circuit protection and current limiting, both sin
¢ and cos 6 outputs are protected against voltage feedback
transients by the diode protection circuit shown in figure 1.



Specitications

PARAMETER

VALUE

REMARKS

Digital Angular Resolution

16 bits {0.33 arc-minutes})

MSB = 1B0° LSB = 0.0055°

Accuracy

+4 arc-minutes (option S)
+2 arc-minutes (option H)
+1 arc-minute (option V)

Accuracy applies over
operating temp. range

Scale Factor Variation
(Transformation ratio Error)

10.03% maximum

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

Retference Input (RH-RL)

3.4 V-rms

Ditferential solid state input

Frequency Range

Input Impedance

de to 1000 Hz {(option 4)
dc to 5 kHz (option 5)

Differential 40 kQ
Singte Ended 20 k2

Analog Outputs
{Max SIN §, CCS 6)

6.8 V-rms £0.2%
Converter Gain = 2

Qutput voltage varies directly
in proportion to reference voltage

Output Current Drive
Output Impedance
Zero Qffset (dc)
Oftset Drift

280 mA-rms
<0.01 ohm
+10 mV typical, £25 mV maximum

15uV/°C typical, 50uV/°C maximum

short circuit protected
using sense lines

improved offset available by
internal offset trimming

Output Settling Time

20 psec maximum to accuracy of the converter

For any analog or digital step change

Digital Inputs
Logic Voltage Levels

CMOS transient protected

Logic “0"
Logic “1"

-0.3 V-dc to 0.8 V-dc
+2.4 V-dc to 5.5 V-dc

Does not need external logic voltage
0.1 TTL load

Input Currents

Data Bits {(B1-B16)

15 uA typical, "active” pull down to Ground (GND)

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

HBE, LBE, LDC

-15 uA typical, “active” pull up to
Internal Logic Supply

When not used pins can be left unconnected

Register Controls

HBE

LBE

LDC

Pulse Width
Data Set-up time

Data Hold time

Logic "
Logic "

O =

Logic
Logic

S~

Logic “1"
Logic "0~

600 nsec minimum
200 nsec minimum

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 transferred to holding register

Data in holding register remains unaffected
For guaranteed data transfer
Before data transfer

Before input data changes

Thermal Characteristics

Junction to case thermal
resistance (6JC)

Case to ambient thermal
resistance (ACA)

Power Dissipation

No Load

1.5 VA Resistive Load
1.5 VA Inductive Load
1.5 VA Typical CT Load

5° C/w typical, 7°C/w max.

20° C/w typical, 25° C/w max.

0.75 watt maximum
3.0 watts maximum
3.8 watts maximum
3.6 watts maximum

without any additional heat sinking

using pulsating power supply for +Vpp

Power Supplies

Supply Voltages

+15 V-dc¢ tVpp (15 V peak)

15% without output clipping.

Supply Currents

No Load Currents

1.5 VA Load Currents Mean
1.5 VA Load Currents Peak
Short circuits currents Mean

+15 mA maximum

+170 mA maximum
+450 mA maximum
+500 mA maximum

+20 mA maximum
+20 mA maximum
+20 mA maximum
+20 mA maximum

Physical Characteristics

Type

Size

Weight

40 PIN Triple DIP

1.14 x 2.14 x 0.18 inch
(29 x 54.4 x 4.6mm)

0.9 oz (26g) max.

The_ Model 2606 converter uses discrete thin-film resistors (as compared to screened thick-film resistors), thereby allowing
flexllbllity for different gain, reference and output voltages. In addition improved dc offset, if desired, can be achieved
by internal offset trims. Contact a Nate! Applications Engineer or our sales department for assistance.
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Pin Designations

B1- B16 Parallel Data Input Bits
B1is MSB = 180 degrees
B16 is LSB = 0.0055 degree g1 |1 a0 | NC
B2 |2 39 | NC
HBE High Byte Enable -
Data inputs B1 through B8 enter the input B3 |3 38 [ NC
buffer register when HBE is set to a Logic Ba |4 37 |NC
“High.” When HBE is set to Logic “Low” B5 |5 36 | CASE GND
the input register is in the hold mode and Bs | 6 35 | RH
is not affected by digital activity at the 87 |7 s | AL
input data bits B1-B8 pins.
B8 | 8 33 | HBE
LBE Low Byte Enable - B9 |9 32 | LBE
Data inputs B9 through B16 enter the B10 | 10 31 | NC
input buffer register when LBE is set to 811 | 11 a0 | +vs
Logic “High.” When LBE is set to Logic
“Low” the input register is in the hold B12 112 29 |-vs
mode and is not affected by digital activity B13 | 13 28 | GND
at the input data bits B8-B16 pins. B14 | 14 27 | SIG GND
B15 |15 26 | SIN SENSE
LDC ";\;’:d CL‘[’)"CV?“ert‘t Logic “Hiah” th B16 | 16 25 | COS SENSE
en is set to a Logic “High,” the
converter will transtfer thegcontegts of the Loc 17 24| -vep
input buffer registers to the 18-bit hoiding NC |18 23 | +Vpp
register. When LDC is set to Logic “Low,” NC | 19 22 | SIN ¢
the converter is in the hold mode and is NC | 20 21| cose
not affected by digital activity in the input
registers.

Note: For continuous updating HBE, LBE and
LDC may be left open. Internal active
pull-up will force these functions to a

FIGURE 2 HDR2606 Pin Assignments

Logic “High”
RH, RL Reference Voltage Input
SIN 8, COS @ Output Analog Signals
GND Power Supply Ground, Digital Ground
' SIN SENSE, COS SENSE Output Sense Functions
+Vg, -Vg Supply Voltages - Typically £15 V-dc
SIG GND Output Signal Ground
+VPP' -Vpp Pulsating Power Supplies - (For output
power amplifiers) CASE GND Connected To Package
ReferencCe INPUL ... e i e e e e +18 Vpeak
Power SUPPlY VoRAgeSs (dVS) « vttt ittt it et it it s i ettt et ts ettt e +18 V-dc
Power SUPPIlY Volages (VPP vttt ittt ittt i ittt ettt it i et in ettt iene it iannnes 420 Vpeak
[ 1T 111 T T« TV —0.3 V-dc to +6.5 V-d¢
Storage TemMPeratUre . ... ...ttt ittt ittt ittt ittt i et e e, -65°C to +150°C

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

When installing on or removing the converter from printed circuit boards or sockets, it is recommended that the power
supply be turned off. Decoupling capacitors are recommended on the +V§ and -VS suppties. A 1uF tantalum capacitor
in parallel with 0.01uF ceramic capacitor should be mounted as close to the supply pins as possible.

CAUTION:

Reversal of +Vg and -Vg or reversal of +Vpp and -Vpp power supply
connections will result in permanent damage to the converter.

For applications requiring high output drive, an adequate heat sink must be provided to keep the case temperature
below the maximum operating temperature. The HDR2606 converter has been designed with a flat metal base to allow
the addition of heat sinking material.
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Digital Interface

The double buffered input registers of the HDR2606 been made for asynchronous data inputs through the
offer the user an easily implemented interface with 8 or use of the LDC control function. Asynchronous data
16-bit microprocessor data buses. For applications not inputs up to 16-bits can be accommodated. Memory
involving a microprocessor, independently controlled mapped I/0 with an 8080 microprocessor is described
8-bit latching registers give the user the flexibility of in our data sheet HDSC2016.

designing his own interface system. Provision has also

Continuous Operation :

Asynchronous converter operation, without timing o1

controls, is shown in figure 3. Inputs LBE, HBE and Bro—]s

LDC have internal pull-up circuitry, permitting these e

pins to be left open. The parallel information at the e L—

data inputs B1-B16 is continuously converted to siné prpem 4

and cos# at the analog outputs. For applications bt b4

requiring less than 16-bit resolution, unused pins can 2 ors e oy

be left open. Internal pull-down circuitry applies a e i iE] COMNECTED
logic “0” to unconnected data inputs B1-B16. e

FIGURE 3 Digital Connection for Continuous Operation

Two-Byte Loading

The circuit configuration for two-byte loading of requirements are the same as those for LBE. Data are
angular data from a data bus is shown in figure 4. As transferred from the two input registers to the holding
shown in figure 5 timing diagram, the 8 LSBs (B9-B16) register when LDC (load converter) is at logic “1.” It
are transferred to the low-byte input register when LBE LDC is at logic “0,” the contents of the holding register
is a logic “1.” LBE can be “High” when data bits are are latched and remain at their previous values
changing, but must remain “High” for a minimum of unaffected by changes at the data inputs or input
800 nsec after the data is stable. Data should be held registers.
for 200 nsec (data hold time) after LBE goes “Low.” Note that LBE, HBE and LDC are level-actuated functions.
Bits B1-B8 are transferred to the high-byte input
register when HBE is a logic “1.” The timing I | s mansrennco |
ehNGING SrEADY | | !
| | !
) oarn L wses Fxxlr sEsr }XXXK
3 Lae |
> 4 32 [@———~ LOAD LSBs | pATA SET LP | | |
> & MQE-LOAD MSBs 200ns ﬁ'glsh?;\}:';géfserkgfg
> 6 LOC . LOAD _.1 rMIN I l r/
DATA-BUS _r::;l 7 CONVERTER | | } |
(MSB) D7 o HDR26808 LBE J: &i.%?ﬁ l I l Tomrs mows
gg > :3 | M | | ———I /L-zouns
D4 > MIN
D3 :: HBE l | L[_‘ l
o o ' L ' AT maaarseen To
se 00 > | | [ "m“”(
—=» HBE ! | | m
— LBE Lbc | i | l WIDTH I
FIGURE 4 Digital Connections for Two-Byte Loading FIGURE 5 Two-Byte Loading
Single Byte Loading
Single 16-bit byte loading is illustrated in figure 6. is transferred to the holding register when LDC is at a
As shown in the timing diagram (figure 7), 200 nsec logic “1.” LDC is a level-actuated function and must
after the data is stable, the input angular information remain high for the times specified in the timing diagram.
MSB) | DATA TRANSFERRED TO
a1 ! DATA I DATA r‘/INPUT REGISTERS
B2 Ot 2 CHANGING | STEADY |
BS O——o5 | l
Be o———1g HDR2608 LBE | | |
:]x; o__; ::E—gg[oc}?;g;c:g&% 200ns—-] = - II<»2OOns
[ R o— LDC MIN I ' MIN
810 o—{10 17— LD reR HBE. LBE 1| ] !
B11 Ge—ortt1 T
B12 0——12 | ?jl"",j‘s’l : DATA TRANSFERRED TO
813 O=——13 | HOLDING REGISTERS
B14 Ommme—sy 14 I I "/
B15 om—15 =S00ns
B16 O=——ril16 |
(LE8) LDC
FIGURE 6 Digital Connections for One Byte (16 bits) Loading FIGURE 7 Single-Byte Loading



Power Supply for Output Amplifiers

Although a +£15 V-dc supply can be used for £Vpp, for
high efficiency and low heat dissipaticn, a pulsating
power supply is highly recommended. As shown in
figure 8, the ac reference voltage is used to produce
two unfiltered full wave rectified positive and negative
voltages. These voltages, being in phase with the
reference, are always in phase with sin 8§ and cos 6
outputs. Therefore, the amplitude of the pulsating
supply voltage need only be a few volts (3 volts)
greater than the maximum output voltage. Small filter

— VPP

’ I

22 uF/35v

ret

o DICDES ARE = -
IN4004 20uF 135V

capacitors are used to provide enough dc voltage for
biasing the power amplifiers. Since heat dissipation in
a power amplifier is proportional to the difference
between power supply voltage and output voltage, the
pulsating power supply (due to its waveform tracking
the output waveform) offers almost 2 to 1 improvement
(for typical CT load) over the dc supply. In addition, as
the output varies with the reference, the pulsating
power supply varies proportionally, thereby providing
further improvement in power and thermal efficiency.

FIGURE 8 Pulsating Power Supply

Analog Output Adjustment and Phasing

Operation of the HDR2606 is very similar to that of a
multiptying digital-to-analog converter. The sin and
cosine ouputs are directly proportional to and have the
same waveform as the reference voltage. Any distortion
or harmonics present at the reference will appear at
the output lines. Higher or lower output voltages can
be obtained by varying the reference voltage. But, with
+15-V supply voltages, clipping of the output
waveform will occur if the reference amplitude exceeds
the specified valve by more than 10%.

The input circuit for the differential reference amplifier is

14K

WA

21K
PIN 34 RLO~—

b— Vg = 2.27 V-rms

W,
N 21K
PIN 35 RH

FIGURE 9 Reference Input Circuit

shown in figure 9. To obtain lower output voltages or
to operate the HDR2606 with a higher reference
voltage, two external resistors wouid be required.
Figure 10 shows the output phasing and mathematical
relationship between the reference voltage and the
output analog signals as functions of the digital
angle 8 and converter gain K (nominally 2). Discrete
thin film resistors are used in the reference amplifier
circuit. If non-standard reference vaoltage or different
output voltage is required in your application, it can
easily be accomplished at no additional cost. Contact
the Natel sales department.

Vmax SIN QUTPUT = K - V) + (1 + n} SING
COS QUTPUT = K -V +(1+ m COS#
WITH

IN PHASE
To'
ViN

K 1S THE GAIN OF THE CCNVERTER (2 1t 0.2%)
AND n 1S THE SCALE FACTOR VARIATION
AS A FUNGTION OF DIGITAL ANGLE (*0.03%)

cos e

FIGURE 10 Output Phasing

Remote Sensing

For both analog outputs, a remote sense feature is
provided in the Model HDR2606. Remote sensing reduces
errors caused by unequal output line resistance when
driving large loads and/or when loads are being driven over

nfCOSs COS INPUT

OR 25 COS SENSE_ _ __
HDR2606 SIN

22 prsm———— —— — — SIN INPUT
26 SIN SENSE_ — LOAD
SIG GND

i I i

POWER SUPPLY (=Vpp) GND

FIGURE 11 Output Connections Using Sense Functions

long lengths of wire. The output connections to load using
sense functions are shown in Figure 11. If not required for
your application, the sense output should be connected to
the corresponding sin and cos outputs as shown in Fig.12.

cos
21 :T COS INPUT
25

HDR2606 SIN
22 j SIN INPUT
26 LOAD
27 SIG GND GND
+Vpp GND

FIGURE 12 Output Connections For Short Cable Length



Interfacing with a 16-bit, 68000 microprocessor

POWER-ON RESET
[} D
L <
10-MHz 7ALS74A 2 15 '
TTL LEVEL > o*—> RC v5 o
CLOCK
sv—{ G1
11 3
! Qp c 1
CLK CLR 12 5 Yalo-
5V 0= D Q¢ B
e - ADDRESS 13 1
l)—D—— RESET A1TO A2 - DEGODE Qg ” A "
o & C2A8 Y2[D=
E E
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A >
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o8
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c 5V o==] 152 I
| 7418279
! l
Q
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DTACK [ [
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DO TO D15t —»{ 816 TOB1  HDR2806

FIGURE 13 Interfacing Digital-To- Resolver Converter With 16-Bit Microprocessor.

The interface between a digital-to-
resolver converter and an 8-bit
microprocessor is described in the
Natel data sheet for HDSC2016.
Figure 13 shows the interface for a
digital-to-resolver converter with a
16-bit microprocessor. Interface
timing is shown in figure 14. To
simplify the interface, a counter-
driven controller sequences the
converter's control lines. Whenever
the microprocessor performs a
16-bit word write, the 74LS163
counter is enabled. Outputs of the
counter drive a 74LS138, which
generates the strobes to sequence
HBE/LBE, DTACK, and LDC. if the
microprocessor attempts to do a
byte write (only one data strobe
active), then a bus error (BERR)

is generated. BERR terminates the
bus cycle and automatically
generates an exception call to the
operating system. To move a 16-bit
word from a memory location or
microprocessor register, the
instruction MOVE. W EA, HDR2606
could be used.

ANOTHER BUS TRANSFER MAY OCCUR IN
THIS INTERVAL; IF ATTEMPT IS MADE TO
ACCESS HOR2606 ACCESS WILL BE
AUTOMATICALLY DELAYED UNTIL LDC
TIMING REQUIREMENT IS SATISFIED

1 200 800 1000 1600

lo 112 3 4 5 [ 718 9110 11 12 13 14 15 16 |

| [ 1 | ]

oata —{_1 1 DATA VALID T —— |

_ ] 1 | h i

Ds* —/\ | I | I[ |
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4 [ [l 1\

cs I | | | :

J J WL
o —Y I [ |
| |

|
Qp I ! _J : \ !
! |
RC \ ! " \ M\
1
HBE/LBE __+M \ 800 ns | 1000 ns 600 ns

LDC ! ' 1
DTACK T

*BTACK and DS = UDS and LDS

FIGURE 14 16-Bit Microprocessor Interface Timing



TOP VIEW
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NOTES:

1. PINS ARE KOVAR WITH GOLD
PLATING: (50uINCH MIN).

2. PACKAGE IS KOVAR WITH ELECTROLESS
NICKEL PLATING.

3. DIMENSIONS SHOWN IN INCHES AND (MM).
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MECHANICAL OUTLINE (40 PIN TRIPLE DIP)

Ordering Information Jll Other products available from NATEL

HDR2606 — T F A Z e Hybrid (36-pin DDIP size) Synchro (Resolver)-to-Digital
I I converters with 10 to 16-bit resolutions (1000 series)
Temperature Range Zener Protection e Hybrid (36-pin DDIP size) Digital-to-Synchro (Resolver)
1 = 0°C to +70°C Add Z after part converters with 14 and 16-bit resolutions (2000 series)
2 = —25°C to +85°C number if Zener -
3 = _55°C to +125°C otection i ired *® Two-speed Synchro (Resolver)-to-Digital converters
© protection Is require with 16 and 20-bit resolutions in a single package.
Frequency Range Accuracy (Models 2SD402 and 28D412)
4 = dc to 1000 Hz S = x4 arc-minutes o Solid State control transformers (SSCT) and differential
5 = dc to 5 kHz H = *=2 arc-minutes transmitters (SCDX)
V = =1 arc-minute

® Angle position indicators and synchro instrumentation
for one-speed and multi-speed applications.

As a standard practice, all converters are builtin accordance
with the requirements of MIL-STD-883B, including 168 e High Power synchro/resolver drivers
hours of active burn-in.

o Code-converters.

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

NATEL Engineering Co. Inc.

4550 Runway Street, Simi Valley, CA 93063 (USA)
Phone: (805) 581-3950 TWX: §10-494-1959

Specifications subject to change without notice.
Printed in USA Copyright © 1985 NATEL Engineering Co., inc. H501—1/85
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