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THCT12016,12024

INCREMENTAL ENCODER
Smart Part'™ INTERFACE
* Direction discriminator
Indentifles & measuras forwarg
or backward rotation/direction
:HBB 1 E-
" Pulse width measurement ) 1’
n »
* Frequency measurement : : Fﬂr
AQND 20K
* Cascadable 15-blt up/down 0 2 fua2
counter : o 18: 3’
{THCT12018) __orgn i
SQRROW (J12 17 E
* 24-bit upi/down counter oD 2 RORT
(THCT12024) ]
* TTL compatible THCT1201ENL

28 Pirv600mi!

8-bit bus parallsl 3-state Interface

Simple write & read procadure

* HIgh speed 20Mnz clock operation o
ar_

* THCT1201 :

CT12016 ONLY \Eﬂ'r

* 1:1 Replacement for the popular cgnx
LS2000AN/THCT2000NL :.U.U}Z
1]
* THCT12024 ONLY: o v

- 24-blt resolution
- Small 24-pin 300 mli package THCT12024N1L
- Separate Ua0 counter reset " 24Piry300mil

Fig 1 Duakin-line Pinout

Description

The THCT12016. - 2024 incremental encoder interface can Independently determine the direction or
displacement of a mechanical device or axis based on two input signals from transducers in Quadrature.
Alternatively, it can measure a pulse width using a known ciock rate. or a frequency. by counting input
Pulses over a known time interval. It inctudes one 16-bit or 24-bit counter which may aiso be used
separately(®). The THCT12016 may be cascaded to provide &ccuracy greater than 16-bits. Both devices
are designed lor use in many microprocessor based Sysiems.

("} THCT12016 only
Applications
The THCT12016/12024 enables mechanical devices to be intertaced with micro-processors. It may be
used in many diverse applications, including robotics, printers/plotters, trackers balls (or mouss), lathes or
machine tools. automobiles. conveyor bats and ranspon mechansms.

Architecture
The four main elements of the THCT12016 are shown in Fig 2 -

1. The measurement and mode control logic generates up or down count pulses, intemal signals (i1
and 12}, Irom the quadrature signals Uat! and Ua2. the clock input and from Mode Controis
(MO,M1 M2),
2. The control logic provides common microprocessor interface signals.
2a/89 INSTRUMENTS #
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THCT12016,12024

INCREMENTAL ENCODER

INTERFACE

Architecture - continued

3. The output my,
lower (LS-byte)

4 The 3-state butters place this data on the bus.

The THCT1 2024
up/down counter

L32000AITHCT2000 C

architectyrg
which has 2
also been removed 10 permit use of 2 smaller

4-bits and be inde,

ompatibliity

. shown in Fig 3, 15 very similar tc that of
Pendently roset by
sfiimiine Package (300 rrui 24-pin),

tuplexer allows the processor to salect data from either the upper (MS-byte) or

the THCT1201s, excapt for the
The cascading teature has

The THCT12018 Is a pin-for-pin replacement for the LS2000A and THCT2000. However some
differences exist which Mmay require modificationg 10 existing LS2000A/THCT: 2000 applications,
The difterences are :
LS2000A IHCT2000N JIHCT12018
/READY Open coliector Open drain without Push-puli output
output with pullup pull-up
(SKQ nom)
/KLI-KKLO Open collector Open drain without Open drain with
lnput/outpu((') with pull-up pull-yp pull-up
{5KQ nom; {(10kQ nom)
DATA BUS {ole 8mA lol= ama lol= ma
outputs (3-state) (3-state) (3-state)
lohs -0.4MA lohs= 4maA loh= -8mA
(*) see configuration section - Page g
INSTRC NS 9
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THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
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Fig 2 THCT12016 Block Dlagram
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Fig 3 THCT12024 Block Diagram
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THCT12016,12024 ‘
INCREMENTAL ENCODER !
INTERFACE '
Operation :
The eight modes of operation of the THCT12016/12024.are summarised in Table 1. ;

MQOE M2n Min MOn MOUDE DESCRIPTION

COUNTER

o 0 0 0 0 16-bif{ THCT12016 only) up/down counter (Inhibits
direction discrminator)

DIRECTION DISCRIMINATOR -

1 0 0 1 Single count puise synchronous with Ua1 nsing in
tomward direction and Ua1 faling In backward direction, -

2 0 1 0 Single count pulse synchronous with vaz rising
in forward direction and a2 taling in
backwarddirection.

3 0 1 1 Double count pulse synchronous with Ua1 nising and
failing,

PRu LS ek

4 1 0 0 Double count puise synchronous with Ua2 fising and
falling.

5 1T 0 1 Quadruple count pulse synchronous with all edges.

PULSE WIDTH MEASUREMENT

[ 1 1 0 Ua1 is the gate signal Ua2 is high for up counting
and low for down counting.
Count is synchronous with fising clock.

FREQUENCY MEASUREMENT

7 1 1 1 Uaﬂsirequencyslgmnobemeawmuuisthe
gate signal of known tima interval.
Count is synchronous with fising edge of Uat

Table 1 : THCT12016/12024 Operationali Modes

MODE 0: 16-BIT UP/DOWN COUNTER MCOE

[n this mode, the THCT12016 may be used as fast 16-bit up/down counter with cascade capabilty. This is
Operated using the /UP and /DOWN inputs. .

The states of the counter outputs are transterred 1o a 16-bit latch. The Contents of this 16-bit latch are
multiplexed onto an 8-bit Paraliel data bus (DO.. D7) and enabled using /RD and /CS.

/AQ 15 the control input for the byte multiplexer. A high levet at this input transfers the least signuificant byte
to the data outputs and a low Ieve| transters the most signiticar byte.

‘ INSI'II;UMENI'S 3
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Operation - continued

The up/down counters are loaded in individual 8-bit bytes by the /\WE and /CS signals, with the byte
selected by the /A0 input. The counter may be cleared using the /RESET signals (which clears both
Counter and controi logic),or individually, using the Uao signal (THCT12024 onty).

Cascading 10 n-bits is possibie using inputs /UP and /DOWN, outputs /BORROW, /CARRY and the input-
outputs /KLI-KLO (THCT 12018 only},

- NQTE The THCT12024 cannot be used in Mods 0 since /UP and /DOWN Inputs are not available.
To read or load the 24-bit(THCT 12024 only) in all modes, /CS, /RD or /WE, /A0 and /A1 are used ta

perform the Read or Write operation. The operation should always start with the LSB (VA0=/A1<HIGH),
tollowad by the LSB-+1 /A0=LOW, /A1=HIGH) and then the MSB {/AG=HIGH, /A1=LOW).

/A0 BYTE JAQ /A1 BYTE
H LSB H H Lse
L MSB L H LS8+ 1

H L MSB
(a) THCT12016 (b) THCT12024

Table 2 - ADDRESS SELECT

MODES 1-5: DIRECTION DISCRIMINATOR MQDES

The quadrature signals Ua1 and Ua2, identify forward and backward directions. It Ua1 leads Ua2, the
forward direction is indicated and the caunter will count up; if Ua1 lags Ua2, the reverse direction is
indicated and the counter will count down,

w [ ] [T 1

o P

Modes 110 5 define which @age of the quadrature signals will be courtted in accardancs with Tabls 1.

The clock frequency shouid be at least four imes greater than the frequencies of the quadrature signals :
thus will eliminate problems resuiting from timing fitter in the transducer sgnals and will allow the quadrupie
counting mode 1o be used. The trequency of the quadrature signals, Ua1 and Ua2 may be caiculated from
the relationship :

Shaft Spegd

F = Resolution of Transducer

TExas
30/89 INSTRUMENTS Q
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Oparation - continued

Va2 m I \ J l [ L T w o uog
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$9 6 Direcan Discminetor Down Clock

MODE 6: PULSE WIDTH MEASUREMENT MODE

In this mode, Ua1 acts as a gate. and Is the puise width 10 bs measured. Synchronised with the clock edge -
after a low 1o high transition in Uat, counting begins a1 the at the input clock frequency. Similary,
Synchronised with the clock edge after a high to low transition of Uat, counting is disabled. The value of

the countsr is loaded In the outbut register, /KLI-KLO (THCT12016 only) is pulled low and then the -
counter clears - see Fig 6. If Ua2 is hekl high, the counter will count up, and if Ua2 is heid low. the counter

will count down.

Each counter can be preloaded in two or three bytes (THCT12024 only) by activating /CS, /RD and
selecting the individual bytes with /AQ and/or /A1 after Ua1 bas fallen and before the next preload takes
place,

The /KLI-KLO signal (THCT12016 only) may be used as an interrupt 1o indicate to the processor when the
register has been loaded. in the Puise widih mode, the output register will not be loaded via /CS and /RD,
but by the falling edge of Ua1,

Texas
6 INSTRUMENTS ‘9 10/89

B 8961724 0096009 520 WA




THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
Operation - continued
In puise width mode, the minmum tme that can be measured is :
Tmin =2(To) {Accuracy is +/- To)
ax EpEpEpEpEaipigNgigh
" Ing —
" UuUuUuue
i Lo Rager il
v Cluar Courtas ml
wowu U
UsdHeCourn Vo
2 c Cown M2 Wt M
1 1 [}
Fig 7 Pulss Wigih Messurement

MQDE 7: FREQUENCY MEASUREMENT MODE

In mode 7, Ua1 is the signal of unknown frequency 1o be measured: Ua2 is a gate signal ot known width. A
low to high transition of Ua2 enables counting at the frequency of Uat. When the gate (Ua2) goes low,
counting is disabled. The value of the counter is loaded into the output register, /KLI-KLO is pulied
low(THCT12016 ondy), and the counter is then cleared - ses Fig 8.

ax JHuuuugrnue

. B e O o B e W o T
g 1

. —u

Yiora Loas Rogians 1

Tarred Cloas Counter e

i - )
Fig 8 Frequency Messumment U

RESET OPERATION

A total rasel 1s intiated by pulling the /RESET pin low. This witl clear the counters to zero, reset the D-type
1lp flops at the inputs of the quadrature signals (Ua1 & Ua2), clear the tatches that inhibit the load register
pulse and load zero into the register. To avoid a spurious count after a reset (+/-1 error), the Uat and Ua2
inputs should be held 10 the vaiues indicated in Table 3 during and just atter the reset pulse.

30/89 INSTRUMENTS ‘b
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Operation - continued

MOD Uai Ua2
0 X X
1-5 H H
6-7 L L

Table 3 : Ual and Uaz lavels during reset operation

NOTE ¥ a /RESETaLOW appears during 2 read or wrtte cycia of the THCT120186, the /READY output will
stay LOW as ong /RESET ks activa.

CASCADING DEVICES (THCT12016 anty)

The /KLI-KLO pins of all cascaded THCT12016's should be ned together, so that all of the devices load
their output registers at the same tme. When the ‘Master generates a pulse for the other THCT12016's,
/KLI-KLO on the ‘Master works as an output, and /KLI-KLO on the slaves work as inputs. The /CARRY of
one device should be tied to the /UP input ot the next device In the cascade; similady, /BORROW should
be connected 10 /DOWN.

* THCT12024 only
READ OPERATION

when in modes 0 10 5, the conterts of the counter can be read at any time by pulling /CS and /RD low.
The most significant byte may be selected by setting /AQ to low, and the least significant byte may be read
by setting /AQ high (THCT12016 only, for THCT12024 - see Table 2 on Page 5). This will cause a ‘load
output register to be generated and /KLI-KLO will go low dunng the next low clock pulse. /READY
(THCT12016 only) will also go low as the clock goes low and will stay low until /CS and/or /RD go high. The
load output register puise storas the current value of the counter in a 16-bit or 24-bit latch register : /A0
and /A1 (THCT 12024 only) direct the selected byte through a muttiplexer 1o the outputs : aise /CS and /RD
enabie the 3-state outputs - see Fig 12

WRITE OPERATION

A number may be preloaded into the counter by puiling /CS and /WE low while using JA0/A1 (THCT12024
only)) 10 direct the value on the data bus to the selecied byte of the counter. This will cause /READY
(THCT12016 only) 10 90 low on the next falling clock edge, and remain iow until /CS or /WE goes high -
see Fig 13.

The output register will be loaded immediately if /KLI-KLO (THCT12016 only) is pulled low externally : this
signal comes normally {rom a cascaded davice.

For Modes 6 & 7 - see the easiier description of these modes.

Configuration

Special consideration should be paid 10 the aulomatic configuration features of the THCT12016/12024.
The purpose of the features is to allow for the different order of byte reads (high then low or iow then high)
of different processors when doing a word read across a byte wide bus and also t0 automatcally configure
when devices are cascaded. .

Byte arder configuration -

Afler a system rasel Nas occurred, the first read operation (/RD & /CSeLOW) will store the value of /A0/A1
into 3 latch within the device. From that time unul the next system reset, the load output register puise wili
only be generated dunng a read operation it /A0/A1 is a1 this stored value. This means that the internal
load output register pulse is correctly generated for word operations regardiess of the byte order of the
particular processor. Speciai care should be {aken when reading individual bytes to ensure that these
operations are aiways done in a consistent order,

8 INSTRUMENTS "
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Contliguration - contlnued
Cascaded Configuration (THCT12016 only)

After a sysiem reset, the first device and channel to receive a read oparation (/RD & /CS=low) configures
itsell into the "master mode and outputs a pulss on /KLI-KLO. In cascaded operation, the /KU-KLO pins
of the cascaded channels are connected togethsr and the input pulse on /KLI-KLO of the cascaded
channels confiqures these 10 “slave™ mode. On all subsequent read cperations, the load oUtput register
pulse 1s only generated by the “master: channel for the appropriate polarity of /A0 and /A1(THCT12024
only). as noted above and this is fed 0 the “stave" devices via the /KU-KLO connection, Specal care must
be taken when cascading devices or channels aiways to read in the same channel order as well as the byte
order already mantioned - see alsc System Application.

Pin Description - (THCT12016/12024)

PIN PIN NUMBER {le] DESCRIPTION
NAME
28Pin 24Pin
‘12016 112024
ICS 1 1 Input Chip Select. A low anabies this device.
MD 2 2 Input Read. When this and /CS ars
active(low) the data from ths output
register will ba prasent on the data
bus.
Do
36 3.8 Input Data bus buffer: 8-8it bidirectional
(3-state) Qutput butler with 3-state outputs
8-11 81 connecied to the microprocesor system.
o7
/BORROW 12 - Output Push-pull output of the counter under-
(PP) flow signaf
THCT12016 only
ICARRY 13 - Qutput Caunter evartiow signal
(PP)
THCT12016 only
/KLI-KLO 15 - Input/ Cascade load nput/cascads load output.
Output Open drain output with internal 400uA
{OD wth pull-up
. Pull-up) Can be an input or output according to
f THCT12016 only configuration.

Texas
20189 INSTRUMENTS ‘@
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THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
Pin Oescription - (THCT12016/1 2024) - continued
PN PIN NUMBER Lo DESCRIPTION
NAME
28FPin 24Pin
J12018 12024
- MEADY 16 - Output When active low, the signad indicates 1o
(PP) the MPU that read or write may be
completed. /READY falling edge ls synch-
THCT12016 only ronous with CLIC The push pull outpint
requires no sxtemal pull up
rasistor,
Mo 19 1§ Imput Mode seiact inputs(See Table 1)
M1 18 14 M
M2 17 13 *

Uai 20 16 Inpunt Measuring input signals

U 21 17 *

Uaa - 23 Input Resaet input for the 24-bit countar

THCT12024 only

ax 22 18 Input Clock - . sed for Intemal
synchrz- satlon and control timing.

/AD 23 19 Input Byts sslect. - sse Table 2.

A1 - 2 Input Byte select. - sae Table 2.

THCT12024 only
MRESET 24 20 Input Device reset. Whon active (low).the
control logic is reset 1o a known state
and the counter is cleared.

ME 25 21 Input Write enable. When this and /CS are
active (low), tha data that is on the
bus is loaded into the courner.

DOWN 28 - Input Cascads input for counting down.
THCT12016 only
P 27 - Input Cascade input for counting up,
THCT12018 only
vce 28 24 Input Fowsr supply vollags 5V +4 10%.
GND 7.14 7.12 Ground, oV
b

10
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THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
Abjolute maximum ratings over operating fres air temperature
Parameter MIN MAX UNIT

' Supply voltage, Vex -0.5 7.0 \

All Input voltages, Vi () -0.5 Vee+0.5 v

Continuous current in any signal pin -20 +20 mA

Cominuous current through any Ve or Ground pin -50 +50 mA

Storage Temperature Range, Ts -65 150 oc

(*) but not to exceed 7.0 voits or the input current limit

NOTE:

Stresaes bayond thosa lsted under "absolute maximum ratings” may cause permanent damage
10 the devics. These are suess ratings only and functional opsration at thesa and any othar

conditions bayond those indicated under recommended operating condkions* is not implied.

Exposure to absolute maximum operating conditians for extended periods may aftect devica

relhiability.

Recommended operating conditions

~ SYMBOL| DESCRIFTION — MIN YP MAX _JUNITS
' )
vee Supply Voltage 45 5 55 Vv
Vih High Level
Input Vollage 20 Vee v
vi Low Level
Input Voltage 0.0 08 v
Ta Operating
Temperature 0 70 oC
Range

(uniess otherwise noted)

Electrical characteristics aver recommended operating free air temperature range

SYMBOL DESCRIPTION TEST CONDITIONS MIN TYP MAX UNITS
0
High Level Vec aMin  Ioh= -80uA Vee-0.1 v
Von Output Voltage | Vit =0V
-all except Vih =Vec  loh=-0.8mA | Vee0.2 v
DO - 07 ana
/KLI-KLO loh= -8mA 3.76 v
lol= +80uA 0.1 v
Vol Low Level Vee = Min
Quiput Voltage VIl aQv
-all except Vih = Vec
00-D7 and Iok= +8mA 0.4 v
/KLI-KLO
In Texas b
3Q/89 1
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THCT12016,12024

INCREMENTAL ENCODER .
INTERFACE
Elactricsl characteristics over racommendaed operating fres alr temperature rangs
(unless otherwise noted) - contlnued -
SYMBOL DESCRIFTION TEST CONDITIONS MIN TYP MAX JNITS
(W)
High Level Vee = Min loh=-120uA | Vec-0.1 v
Voh Output Votage | Vil =0V
D0-D7and Vih = Vce loh=-1.2mA | Vce-0.2 Vv
/KU-KLO only
loh= -12mA .76 \'
lols +240uA 0.1 v
Voi Low Level vee =Min
Output Voltage | Vil =0V
DO - D? “ v'h = V(!:
/KLI-KLQ only lolm +24mMA 04 v
lozfli High Impadance | Vce =Max  259C 0.6 +0.6 | pA
State Output Voz = Vee (max)
Current Vil =0V over al
D0-07 Vih =Vee temps B +6 RA
Iott Open Drain Vee =Max 25°C -0.5 +05 | pA
Leakage Current | Vo =0v-Vcc  overall
Vil =0V-Vcc  temps 5 +5 | pA "
5 InputLeakage vee sMax 25°C -0.1 +0.1 HA
Cument, except | Vi =0V-vce
Uao, /UuP, over af
DOWNJA1 temps -1 +1 pA
Do-07
lc Supply Cument | Voo = Max Standby 550 | wA b
D0-D7 Input Mode Ag @
Cutputs Open  20MHz 10 | mA -
lo Input Pullup Vee=Min
Current
JKLILO Vine OV -200 ~400 <1000 | pA
Ua0 (THCT12024 ’
/UP, JDOWN Vin= 0V 47.5 a5 -238 HA
/A1 (THCT12024) Vin=0QVv 2.5 5 -12.5 HA
S p— R
12 IN ! 3Q/89
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THCT12015,12024

INCREMENTAL ENCODER
INTERFACE
Timing requirements over recommended operating conditions
SYMBOL PARAMETER MIN TYP MAX  [UNITS
)
Tel Clk Cycle ime.duty cycie 50% 50 ns
Te1 @ Clk Cycie Yme,duty cycle 50%
D Cascaded Mode 100 ns
Tec2 Pulse wadth low CLX Tr, TI<Sns 25 ns
T2 @ Puise width low CLK Tr, Ti<5ns
® Cascaded Mode 50 ns
Twrs Pulse width, /RESET input low 50 ne
Fmud Maximum frequency. /UP or /DOWN,
Input duty cycle 50% (THCT12016 only) 20 25 MHZ
Fmud @ Maximum frequency, /UP or /DOWN,
Input duty cycle 50% (THCT 12016 only)
@ Cascaded Mode 10 12.5 MHz
Twud Pulse width, /UP or /DOWN input low
(THCT12016 only) 25 ns
Twrk Pulse wdth, /KLI-KLO input iow
(THCT12016 only) 20 ns
Twrd1 Pulse width, /RD input low
{Mode=6& 7) s
Twrg2 Pulse width, /RD input low Tct ns
(Mode= 0 TO §)
Tdrd Time betwaen two or three® Read
cycles (LSB or LSB+1*and MSB) 0 ns
Twwr Pulse width
/WE input low 25 ns
Tdwr Time betwesn two or three” Write
cycles (LSB or LSB+1°® and MSB) 0 ns
Tsd Set Up time, Data priorto T /WE 18 ns
Twuad Puise width, Ua0 input high® 25 ns
Tsus Set Up time, /CS and /RD low before
CLK falling edge 15 ns
Tsa Set Up time, /A0/1° pnior to /WE and
/CS low 10 ns
Tsud Set Up ume, /UP or /DOWN nsing
edge before CLK taling edge 20 ns
{THCT12016 only)
I Texas
STRUME
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THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
Timing requirements over recommended operating conditions - continued
SYMBOL PARAMETER MIN TYP MAX {UNITS
1
Tsab Set Up time, UA1 or UA2 pnor 1o
CLK falling edge 18 ns
Tsda Set Up time, data priorio T /WE Tsd ns
Tsbb Set Up time, UA2 stabie before CLK
1alling edge 15 ns
Tsac Set Up tme, UA1 or UA2 nsing edge
belore CLK falling edge 15 ns
Tsar Set Up time, A0/1°stable before /CS and /RD low
after reset 10 ns
Tsbe Set Up time, UAT or UAZ falling edge 15 ns
Tsr Set Up time, /RESET high prior to
CLK falling edge 0 ns
Tsuc Set Up time, /UP or /DOWN rising
8dge prior 1a/KLI-KLO (Input)
faling edge (THCT12016 only) 20 ns
Thdw Hold time DATA after T /WE 10 ns
] ngp Pulse width, Ua1N input high - (Mode= 6) IN2 X Tet
Twgp Puise width, Ua2 input high - (Mode= 7) IIN 2XTot ns
Tdgp Puise Width, Ua1 Input low (Mode = 6) k‘IN 2XTc1 ng
Tdgt Pulse Width, UA2 input low {(Mode = 7) »LIN 1XTet ns
Tha Address hoid time after /WE or /CS high 12 ns
Thab Ua1 or Ua2 Hold time after CLK falling edge 12 ns
Thda DQ-D7Hold time after/AD or /A1 change 10 ns
Thac Ua1 High hold time after CLK falling edge 12 ns
Thbe Ua2 Hold time after CLK talling edge 12 ns
* THCT12024 ONLY
» INSTRUMENTS ‘b 30/89
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THCT12016,12024

INCREMENTAL ENCODER

INTERFACE

Switching characteristics Vee=MIn, all teampersturss

, Freqa1MH2,RI=1KOHMS,

Cis3SpF (50pF bidirectional pins)
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
*)

Tdd1 Accass time JRD From CLK | Mode 1

and CLK to data Data >FD«|5 ->014g

output vakd

(Mogde= 010 5) 55 ns
Tdd2 Access ime /RD From A0 | Mode 1

1o data output Data >AA1g- »55¢¢

vaid

Mode=0-5, 2nd byte | From RD . Mode 6

or 3rd byte*

Mode=6-7 both Data >FF1¢- »001¢

bytes. or afl >0016- >FFyg

threa bytes”

(C THCT12024 only) 45 ns
Thr Propagation delay

/RD, WEor CS flomcs T

Inactve to

/READY

{THCT12016 only) 20 ns
Tdr Propagation delay

CLK 10 /READY low

(THCT12016 onty) 30 ns
Tduc Propagation detay

UP or (DOWN

rising edge to FromAUPN T to

10 /CARRY or ICARRY T

/BORROW rising

edge

(THCT 12016 oniy) 35 ns
Tdee Propagation delay FromCLK T 1o

from CLK ICARRY or

to/CARRY or

/BORAOW FomCLK T o

fising edge /BORROW

{THCT12016 ONLY) 25 ns
Tdco Propagation delay

CLK faling edge

to /KLI-KLO

faling edge

[THCT12016 onty) 585 ns
Tdeb Propagation Delay

CLK nising edge to FomGCLK T

/CARRY or ]

/BORROW /CARRY T

rising edge /BORROW T

[THCT12016 ONLY) 25 ns

STRUME Q
30/89 IN NTS 15




THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

S$whching characteristics Veo=Min, all temperstires, Froq:lqu,RIﬂKOHMS,
C\=35pF (SOpF bidirectional pins) - continued

BOL | PARAMETER TEST CONDITIONS MIN - MAX UNITS

Twel KUKLO low
output pulse width
(THCT12016 only) T¢c2 ns

Ted Enable time From/RD
/RD and /CS low Data>ZZ - >AA
o DO - D7 5 65 ns

Tweb JCARRYor
BORROW low
output pulse width
(THCT12016 only) Twud ns

Twee 1CARRYor
/BORROW kow
Output pulss width
THCT12016 only) T2 ns

Thdr Release time,
data after /RD/CS FomCS T
data >01 - >ZZ 0 45 ns

(*") TYP VALUES @ 25°C.VCC =5V

INsrTR%AsmnS b

" 30/89

B 8901724 0096019 47T B



THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Terud —o=|
% .=
o = L e
BORROW I"—T"” vz | rece

2]! sl

THCT12018 ony CARRY *
Jate TN et} o N h
BORROW *
—_— Tweo
— ﬂ
' * THCT12018 only
THCT1202¢ onty
Fig 9 Timing - all Modes Fig 10 Timing - Modes 1 -5

i AR o W
=L X
=
tcae _]F%L /\

Ua2 _ ’/_ 4
{ Enaniny

!

—— TR
CARRY o SORROW ~ « THCTY20\S oy
— Taca
KoL * N~
m O
® asanourmr
Fig 11 Timing - Mode 6 - 7 (@  Us2EHOULO NOT CHANGE WHILE THE CLOCK IS LOW
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INCREMENTAL ENCODER

THCT12016,12024
INTERFACE

o Eééé

Twre
SRESET h >

Youe

RD e 0
a0 YT @ ©
7+« SEERTGRIOIX ] YIOTER 1

Tma Ly Téd2
Z
bo-07 * 0 : o o

T T I.Z or
READY# % '3 X [ \ /
o THCOo - Twco
KLO/KL! (OUT) s @1 EI\I)

Tewd

UP or DOWN * /Iu

b Tkt
KLU (W) * . . ® [
we
UP or DOWN » \ u
CASCADED

WHCHEVER IS LATER

WHICHEVER IS EARUER pewce
FIRST BYTE (HIGH OR LOW)

SECOMD BYTE (OPPOSITE 10 FIRST BYTE)

DTHER OR BOTH MAY GO HIGH
TE GENERATING OUTPUT LATCH LOAD PULSE

NOTES ()

(2) STA

(3) STATE NOT GENERATING QUTPUT LAYCH LOAD FULSE
(4) AsS

(3) AS

* THCT12016 ONLY
« » THCT12024 ONLY

@G

AN DUTPUT
AN IMPUT

v.._m 12 READ CYCLE

34Q/89
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THCT12016,12024
INTERFACE

INCREMENTAL ENCODER

_l Tor

=1 Tsvs

Teo

Al e

00-07

READY »

* THCT12018 ONLY
¢+ THCT12024 ONLY

Fig 13 WRITE CYCLE

(1) BYHER OR BOTH WAY GO McH
(2) WHICHEVER 1§ LAWER
(3) WHICHEVER 1S EARLER

() FRST BYTE (HMiGH OR LOW)
(3) SECOND BYTE (OPPOSITE YO FIRST BYTE)

mg%‘v
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

System Appiication

The implementation of a three axis control system with the THCT12016,12024 is shown in Fig 14. The
microcontrolier accesses each channel, memory mapped VO or VO addresses with normal read or write
cycles. CLK frequancies up 10 20Mhz can be sourced directly from the mucrocomtroller, For an external
freeze, all /KLI-KLO's can be cannected togethar and driven by the extamal "reeze-logic”. This logic
must be designed such that all THCT12018/12024's are programmed ino the siave mode belore the first
read or wrile Cycle appears and must be synchronised with CLK (see Design Checldist).

It the /READY output (THCT12016 only), is used, it must be extemally wire-OR'ed (not shown in Fig 14)
and fed to the microcontroller READY input. An external zero pulse from the resolver can drve the

THCT12024 /Uag0 input.

CRYSTAL
lyye
0 T
*ALS138
DECOOER
A
A8 m6 l EXTERNAL EXTERNAL
Py EPROM RAM
MICRO-
CONTROLLER
(TMS7000/8065) AT
LATCH
v2
T - of
A
po.. 07 -BIT DATA BUS )
Y — i .J Y
AN RD \ 'j J L~
ATy ox W0 e i J L
L—-ﬁ A cs Ao s Aont S
—DRERET SEr i<
Systom- ——jax ™CT e THCT cx  THCT
RESET 1201 1201&/ L[| 120¢
12004 12004 12024
Mo e wna ° w2 q
wooe L  y BF |y su BF 3353 B
NOTES 133 & sy 2 33 2
Al opan inputs © q
VorGND
* THCT12016 enly T -1 - + FREEZE
AXIS 1 AXS 2 AXIS 3 (Opton)

Fig 14 Block Diagram for @ Thres-axis Conirol System
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Cascading ths THCT12018

Fig 15 shows the cascading of two THCT12016's for 32-bit resolution.The masterLS-word) needs to be
programmaed 10 Mode 1 - 5 and the slave(MS-word) to Moda 0(Court only). The /KLI-KLO inputs of bath
devices are connected together. An external pull-up is not required since it is on-chip. The optionat /KLI-
KLO signal could be used as an extemal treeze input. in this case, both both devices operate in the slave
mode (see Page 9- cascaded configuration) by generating a /FREEZE low puisa, synchronous with CLK
and before the first read or wite cycle appears sfter /RESET.

In normal appiications, the THCT 12016 recetving the first reaciwrite cycle after initialisation via a /RESET. is
programmed into the Master mode. /CARRY and /BORROW of the master THCT12016 are connected to
the AUP and /DOWN inputs of the slave. If /READY is used to siow down the microprocessor read/write
cycle, both /READY outputs must be OR'ed to generate & common READY signal.

ax A) RB Wt 0o0.. D7
(\
AV
R
‘ALSISS
$-Bkt Dets Bus

- -~ A
v’“%axuo_mmﬁé S GK D007 A AD We

1 @ ) § G
™ET cam ™ET [
Ust et 12016 FE Vet 12018
2 - (LS-Wort) 2 (Ms-Word) (]
N — o o o oA
MAAD MO MY M2 RESET KUALO Mo M1 M2 AGSEY
=

FREEE ‘
(Option) — E
READY
*ALSO0

Fig 15 Cascading of two THCT12016 for 32-bit Resolution
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

Dasign Audit Checklist

Betore releasing a THCT12016,12024 design to test or production, ths following Design Checkiist
should be worked through to avold ermors and 10 amive at a miable design.

|_What must be checked ?

“What is Important ?

timing parameters

AUPrVDOWNN Fmax ?

What is Fck 7

is the read/write cycle
synchrohised with CLK ?

Extemal ALIKLO puise ?

! yes, what is the position of
/KU-KLO putse in relation to

CLK and what is the pulse width ?

is the readwrite cycle iong
encugh ?

Are the setup and hold times for
UatlJa2 met ?

- Fmax must not be exceeded. The
minimum pulise width is> 25ns (Twud)

Felk max is 20Mhz and must not be
exocaeded (50% duty cycle).

-In the cascading moce,

Fclk needs to be chosen such that

the ripple through of /KLI-KLO
(THCT12016) is achleved.

Felk shouid should not exceed 10Mhz.

The setup time for /CS /WE and /RD
nust be > 15 ns (Tsus) to the negative
odge of CLK.

The setup time of /AQ-/A1 with reference
to /RD or /WE must be> 100s (Tsa, Tsar).

~ The extemal /KU-KLO pulse width
must be > 20ns (Twk) and not

coliide with the positive (count)

edge ot CLK, ftis recommended that
/KLI-KLO be synchronised with the
negative #dge of CLK such that
Twk = Fcll/4,

- The access tims 1o the first byte
is defined by Tdd1 and is < 60ns
for the read cycle.

The wrile data must be stable
15ns (T'sda) before the positive
geing edge of /CS or /WE and be
held for 10ns (Thdw).

- The setup tims must be > 15ns
(Tsab)and the hoid time > 12ns
(Thab). i thess times cannot be
mel. meta-stable conditions can
cause false counting, -

If Fck is > 10Mhz, an extemal
synchchronisation tiip flop e.g
‘ALST74 or "AC74 Is required.

B 8951724 0096025 773 MR
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THCT12016,12024
INCREMENTAL ENCODER
INTERFACE

[ _What must be checked ? What is Important 7 ]

timing parameters - continued

Pulse width and the position of ¥ the extemal zero puise is used,
Uao ? the puisa width must be > 25ns
(Twla0). To avoid collsion with
the posttive (counting) edge of the
clock, which would cause false
counting, Ua0 should be synchronis-
ed with the negative clock edge.

Is /RESET usea ? - IRESET is required after power-up to
set the THCT12016/12024 into a known
slate.  resets the contro! logic,
the mode bit (master/slave) and the
up/down counters.

What is the levei of Uat and - During RESET = low, Ua1 and Ua2

Ua2 during /RESET = low ? should be at a high level in Modes
1-5 and 2t 2 low in Modes 6-7. I
this is not met in Modes 1-5, a
count efror of +/-1 can ocaur.

What are the ise and fall times « For all sigrals, Ti/Tr should be
of the inpust signals ? < 300ns.
For all clock and control inputs
Tr/Tt should be < 20ns. This helps
o reduce power consumption,

external connections

Unused Inputs 2 - Alt unused inputs must be tied to
either Vec or GND : -

* AJP/DOWN 10 Ve
* Ua1,Ua2 10 Ve or GND
*M1,M2M3 10 the Ve/GND

according to the mode selecied.

Cascaded mode ? (THCT12016 ohly) - The MS-word device must aways be
configured in Mode 0 (M1=M2=M3al ow)
' MIM2M3?

¢ ICARRY,BORROWJUP, ICARRYn 10 /UPn/BORROWn 10
OOWN? /DOWNN from the LS word to the MS-
word device.

Tixas '
10/88 INSTROMENTS ‘@ 2
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THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
N —
[__What must be checked 7 What Is important ? |
OC_parameters
Is Ve decoupled with a capaator ? - Each THCT 120161024 device should
be decoupled with a 100nF capacitor as
Close as possible 16 the Vo/GND pins,
’ Capacitive kcad on the data - Long iines on the data outputs will
o ? result in curent spikes and fine
reflections. Capacitive loags
should not exceed 50pF.
Over and undershocting due to - It over and under shooting is
ine refiactions ? greater than -1V or Vec+1V, a series

resistor should be connected in the
data lines or output stage
driving THCT12016,12024 inputs
0.9- CLK, /WE or /RD.

A series resistor should also

be Included if the capacitive oad
exceeds 50pF. Special care must be
taken i long backplane bys fines

are being driven - these are not
recommended.

Tixas
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THCT12016,12024

INCREMENTAL ENCODER
INTERFACE
T Veo
PARAMETER romr s1
MEASUREMENT
INFORMATION Fram output
under teet A
InpuvOutput Voltage Ic,_ 152
Wavetorms
LOADCIRCUT
SET UP & HOLD TIMES

PROPAGATION DELAY TIMES
VoH
NeUT Ko L so%
— K
) 4
Py —— o——
IN-PHASE T~ Vou
ouTIT \
v \ vq
22 e Vg
OUT.CR-AHASE ~ /
OUTPUT Vou
‘oML L0
ENABLE & DISAGLE TIMES, 3-STATE QUTPUTS
—Vee Vee
OUTPUT ;{“ oUTRUT Y%
—/ ov OISABLE ;.gv
P2 — Pz
Yoo =~ ——— o Vo
OUTPUT oUTPUT
QFFE-TO-MIGH HIGH-TO-OFF
—_— GNO GND
— o
] Ve ouTRyT Voo
OUTRUT
OFF-TOLOW w LOW-TO-OFF ~— “Z_K—
Vu_ | Yor
_ .
3Q/39 hls“u‘u'm"s ! p-]
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