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Description

The Broadcom® AEDR-872x encoder is a three-channel
optical encoder with two channels differential analog and a
third digital index output. The encoder is designed to
operate over —40°C to 85°C temperature range and so is
suitable for both commercial and industrial end applications.

The encoder houses an LED light source and
photo-detecting circuitry in a single package. The small size
of 3.95 mm (L) x 3.4 mm (W) x 0.9562 mm (H) allows it to
be used even in a wide range of miniature commercial
applications in which size and space is a primary concern.

The AEDR-872x encoder, with two channels differential
analog outputs (Sin, /Sin, Cos, /Cos) can be interfaced
directly with most of the external interpolators available. As
such, the encoder provides great design-in flexibility and
easy integration into existing systems.

Features

= Analog Output option: Two-channel differential analog
output and with a digital index output

m Surface mount leadless package: 3.95 mm (L) x
3.4 mm (W) x 0.9562 mm (H)

= Operating voltage of 5.0 V supply

= Built-in LED current regulation, and so no external
biasing resistor is needed

m —40°C to 85°C absolute operating temperature
= High encoding resolution: 318 (lines/inch, LPI)

Applications

Ideal for high volume applications:

Closed-loop stepper motors

Miniature motors

Printers and copiers

Card readers

Scanners

Projectors

Portable medical equipment

Optometric equipment

Consumer and industrial product applications
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Output Waveform

Analog Option
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Test Parameter Definitions

Parameter Symbol Description
Analog Peak-to-Peak Vpp The peak-to-peak signal magnitude in V of the analog signal
Analog Offset VOFFSET The offset in mV from the midpoint of the analog peak-to-peak signal to

the zero voltage point

Analog Peak/Valley Voltage VPA, VPB, VMA’ VMB

The value in V of the peak or valley of the analog signal (that is, one-
sided reading)

Analog Peak-to-Peak Voltage |Vppa, Vpps

The absolute difference between VP and VM of channel A or B

Analog Crosspoint Voltage V12, Vx34, Vx5, Vx78

The intersections in V of channel A analog waveform with that of either
channel B or its component

Analog Offset Voltage VOFFSETA, OFFSETB

The offset in mV from the midpoint of the analog peak-to-peak signal to
25V
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Absolute Maximum Ratings

Parameter Value
Storage Temperature, Tg —40°C to 85°C
Operating Temperature, Tp —40°C to 85°C

Supply Voltage, Ve

v

NOTE:

1. Exposure to extreme light intensity (such as from flashbulbs or spotlights) may cause permanent damage to

the device.

2. Proper operation of the encoder cannot be guaranteed if the maximum ratings are exceeded.

ATTENTION: To avoid damage or degradation induced by ESD, take normal static precautions when handling the encoder.

Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Units Notes
Operating Temperature Ta -40 25 85 °C
Supply Voltage Vee 4.5 5 55 Vv Ripple <100 mV_,
Current lcc — 27 60 mA
Max. Output Frequency F — — 120 kHz
Radial Misalignment Er — — £0.2 mm
Tangential Misalignment Et — — 0.2 mm
Codewheel Gap G 0.5 0.75 1.0 mm
Recommended Codewheel Characteristics
Parameter Symbol Min. Max. Unit Notes
Window/Bar Ratio Ww/Wg 0.9 1.1
Window/Bar Length Lw 1.80 — mm
(0.071) (inches)
Specular Reflectance Rf 60 — Reflective area?
— 10 Non-reflective area

Line Density LPmmP 12.52 lines/mm

LPI 318 lines/inch

a. Measurements from TMA uScan meter

b. LPmm = CPR/[2T.Rp(mm)].
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AEDR-872x Data Sheet
Encoder Pinouts
VDDD

VDDA VDDA
(I

vDDD
i |[ ] " || AND  aGND j [: CHA
CHB YT TY, j [: CHB
CHI CHE/ CHE/ CHI
Pin Configurations (Bottom View)

Pin Configurations (Top View)
Recommended Setup For the Power Supply Pins
Connect both Vppp, Vppa and their corresponding grounds (AGND and DGND) appropriately as follows. It is recommended

that you use 22 pF and 0.1 pF for bypass capacitor on Vppp and Vppp and place them in parallel as close as possible to
the power and the ground pins. Do not run CH | in parallel and close to the trace of analog signals. Always keep the trace

routing and cable to the minimum length.

vee

0.1 uF 22 uF J_22 uF J_ 0.1pF
{ I 9 8 1
= DGND _ VDDD VDDA

7
HA AGND |2
we — e (Y| . ryy
HI HB/

Ca}—
CHB/ |—

NOTE: Pin 9 is the center pad of the package.
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Encoding Characteristics

Parameter Symbol Min. Typ. Max. Unit
Peak-to-Peak Voltage (Average) Vepa: Vppe 0.9 1 1.1 \Y
Analog Offset Voltage VOFESETAs 0.45 Ve 0.5 Ve 0.55 Ve \Y
VoFFSETB
Voltage Reference (Midpoint of signal Vpp) VREr — Veel2 — \Y,
Parameter Symbol Typ. Unit
Index Pulse Width (Ungated) I 430 °
State Width Error AS 18 ‘e
Pulse Width Error AP +12 °e
State X Width Error AS, 15 °e
Pulse X Width Error AP, 15 °e
NOTE:
1. Typical values represent the average values of encoder performance in our factory-based setup conditions.
2. The optimal performance of the encoder depends on the motor/system setup condition of the individual
customer.
Broadcom AV02-4518EN
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Codewheel Design Guideline

The index bar (I-) track is opaque and the width is 3 x Wg°. The Index (1) track is reflective and the width is 3 x Wyy°. The
dimension Ly should be at least 1.8 mm. (Note: If Ly shorter than 1.8 mm is required, consult the factory). There are six
pairs of incremental track (1 pair= 1 Wg° and 1 Wy,°) between opaque and reflective index tracks.

Figure 1: Codewheel Design Example

3 r———— Note: Encoder id placed on top on this codewheel in this view.
“'”%
s Wy°

,//,,,,////////////////////////////}
Z

,,,,,/////////////////////
,///,,,/,,,,/,,///////////////////////////’//// /

IS, T, s

¢

,
I // 3XWB°
o (Index Bar Track)
e ——— 6x(Wy°+Wg°)
WWWWWWWWWWWWWWWW

. )
LN
e"e(tlve . // /WWWWW//JI//M//J///////W 7T 7

7Z7Z”ZT
e — //’////////////////////////////////////////////////,,,,//

A\

7z

7
7y,

rf L 2
Surface /// WWWWWWWWWWWWWWWW
//I/////////////////////////////////////////////////////////
k)
/ zzzz7zy

A\

The following demonstrates a codewheel design for Ry, of 11 mm @ 865 CPR for a 2-channel and a 3-channel encoder.

Figure 2: Codewheel Pattern for a 2-Channel Encoder
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Figure 3: Codewheel Pattern for a 3-Channel Encoder
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4 Wu and Ws® = 360/(2 XCPR) = 360/(2 x865)=0.2081°
T

Index Width = 3xWw° = 0.6243°

PR Index Bar Width = 3xWs°* = 0.6243°

NOTE: The overall physical track count is reduced but not the counts per revolution (CPR). The CPR remains the same
because the count during this index transition is generated by an intelligent signal processing circuit.
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Package Outline Drawing

0.9562

Note: Unless otherwise specified,
1. All dimensions in mm.
2. Tolerance x.xx = 0.15 mm.

TOP VIEW
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Encoder Placement Orientation and Positioning

The AEDR-872x is designed such that both the emitter and the detector ICs are placed parallel to the window/bar orientation,
with the encoder mounted on top of the codewheel (see below right). When properly oriented, the detector side will be closer
to the center of codewheel than the emitter. More importantly, the center of the lens of the encoder unit must be aligned with
the codewheel (Rpp), or more specifically tangential to the center point of Lyy (1/2 of the length of the window).

-

Codewheel

Emitter
(LED)

Placement orientation of the encoder’s
emitter and detector on the codewheel

Detector

Center of Codewheel

Center of the lens should be aligned with the Rop of the codewheel

Broadcom AV02-4518EN
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Direction of Movement

With the detector side of the encoder placed closer to the codewheel (see the figure on the previous page), Channel A leads
Channel B when the codewheel rotates anti-clockwise and vice versa (with the encoder mounted on top of the codewheel).
The optimal gap setting recommended is between 0.5 mm to 1.0 mm (see the side view below).

A
Encoder height =0.9562 mm
v

~
Gap=0.5t0 1.0 mm

A

Codewheel
Side View
CH Aleads CHB leads
Codewheel CHB Codewheel CHA

Top V/// | \\XX\\V

<
View %/ f \\\
N\ 172

Anti-clockwise Clockwise
Emitter Emitter

Note: Drawing not to scale

Moisture Sensitivity Level

The AEDR-872x is specified to Moisture Sensitive Level (MSL) 3. Precaution is required to handle this moisture-sensitive
product to ensure the reliability of the product.

Storage before use:

= An unopened moisture barrier bag (MBB) can be stored at < 40°C/90% RH for 12 months.
= |tis not recommended that the MBB is opened before assembly.

Control after the MBB is opened:
m  Encoder that will be subjected to reflow solder must be mounted within 168 hours of factory condition <30°C/60% RH.

Control for unfinished reel:
m Stored and sealed MBB with desiccant or desiccators at < 5% RH.

Baking is required if:

= Humidity indicator card (HIC) is > 10% when read at 23°C £ 5°C.

= The encoder floor life exceeded 168 hours.

m  Recommended baking condition: 60°C + 5°C for 20 hours (tape and reel), 125°C + 5°C for 5 hours (loose unit).
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Recommended Lead-free Reflow Soldering Temperature Profile

250

5350
Max.235°€C

200

Liquidus point 217 °C

/

150 /
100

60 secMax.

/ <—— Preheat Zone

50

_

/

Thermocouple

LED

125 150 175 200

Reflow PCB

275 300 324 354

Average ramp up rate =3°C/s
Average ramp down rate =6°C/s
Preheat temperature =150°C to 200°C
Preheat time = 60s to 100s
Time maintain above 217°C = 40s to 60s
Peak temperature =235°C
Time within 5°C of peak temperature = 20s to 30s
NOTE:
1. Reflow with peak temperature > 235°C may damage the component.
2. Due to treatment of high temperature, this clear compound may turn yellow after IR reflow.
3. Profile shown here is the actual readings from the thermocouple (attached to AEDR-872x as shown above) on
the reflow board PCB.
Broadcom AV02-4518EN
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Tape and Reel Information

4.00£0.10 SEE NOTE# 2

R0.50(TYP.)

*Bo

[

SECTION B2

NOTES: —
1. * Ao & Bo measured at 0.3mm

B—

2.00+£0.05

+0.10

& & o

i

above base of pocket.

2. 10 pitches cumulative tol. £0.2mm.
3. () Reference dimensions only.

Order Information

o 3
) o o
S s 8
uwn o o
N0 +H
) - 6 g
" N I o
|
B"I =—238.00+£0.10— \®1.50(MIN_)
un
o
o
H
o
M
Q Ao: 3.80
}_ Bo: 4.30
— Ko: 1.20
SECTON A-A Pitch:  8.00
Width: ~ 12.00

AEDR-87xx - x0x

Output Signal Index Gating Packaging Resolution LPI| | Shipping Units
1 - Digital 0 - Gated 90°e 1 - Tape and Reel 0-318 0 - 1000 pcs
2 - Analog 1 - Gated 180°e 2-100 pcs
2 — Gated 360°e
3* - Tag 360°e Notes:
Digital 3.3V and 5V operating mode
Analog: 5V operating mode only
3* applicable only for analog output
Broadcom AV02-4518EN
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Disclaimer

Broadcom’s products and software are not specifically designed, manufactured, or authorized for sale as parts, components,
or assembilies for the planning, construction, maintenenace, or direct operation of a nuclear facility or for use in medical
devices or applications. The customer is solely responsible, and waives all rights to make claims against Broadcom or its
suppliers, for all loss, damage, expense, or liability in connection with such use.

Broadcom, the pulse logo, Connecting everything, Avago Technologies, Avago, and the A logo are among the trademarks
of Broadcom and/or its affiliates in the United States, certain other countries and/or the EU.

Copyright © 2014—2017 Broadcom. All Rights Reserved.

The term “Broadcom” refers to Broadcom Limited and/or its subsidiaries. For more information, please visit
www.broadcom.com.

Broadcom reserves the right to make changes without further notice to any products or data herein to improve reliability,
function, or design. Information furnished by Broadcom is believed to be accurate and reliable. However, Broadcom does
not assume any liability arising out of the application or use of this information, nor the application or use of any product or
circuit described herein, neither does it convey any license under its patent rights nor the rights of others.

©® BROADCOM
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