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The TMCM-1321 is an easy to use, single axis controller/driver for 2-phase bipolar stepper motorswith separate home and stop switch inputs. The built-in magnetic encoder can be used when asuitable magnet is attached to the motor axis, enabling also closed-loop operation. As an alter-native, an optical encoder can be connected via digital ABN inputs. Different ramp shapes can beselected. Dynamic current control, and quiet, smooth and efficient operation are combined withStallGuard™ and CoolStep™ features.

Features
• Single axis stepper motor control
• Supply voltage 24V DC
• Up to 0.7ARMS (1Apeak)motor cur-rent
• Hardwaremotion contollerwith dif-ferent types of ramps
• Closed-loop operation possible
• RS485 interface
• General purpose inputs andoutputs
• ABN encoder input
• Built-in magnetic encoder chip

Applications
• Laboratory Automation
• Manufacturing
• Semiconductor Handling

• Robotics
• Factory Automation
• Test & Measurement

• Life Science
• Biotechnology
• Liquid Handling

Simplified Block Diagram
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1 Features
The TMCM-1321 is a highly integrated stepper motor driver and controller and includes a fully featuredhardware motion controller and magnetic encoder chip. It drives up to 0.7A RMS motor phase current at24V nominal. Configuration and control is possible via its RS485 bus interface. The module can directlybe mounted on the back bell of standard NEMA11 stepper motors which are equipped with a diametrical2-pole magnet in their rear shaft. As an alternative, an optical encoder (mounted directly on the motorshaft) can be used instead of the magnet.
1.1 General Features
Main Characteristics

• Supply Voltage +24V nom. (+9V to +28V DC)
• Motor driver stage with 0.7A RMS phase current
• Highest micro step resolution, up to 256 micro steps per full step
• Magnet encoder chip (AS5047) with 14 bit resolution (16384cpr) for position feedback
• ABN encoder interface
• EEPROM for permanent onboard parameter storage
• Advanced s-shape ramps hardware motion controller (TMC4361A-LA)
• Home and stop switch inputs, also usable as general purpose inputs
• One general purpose output
• High performance SpreadCycle™ chopper mode
• High-precision sensorless load measurement using StallGuard2™
• Automatic current scaling algorithm CoolStep™ to save energy and keep your drive cool

RS485 Bus Interface
• Standard RS485 Bus Interface for control and configuration
• Bit rates of up to 115200bps
• TMCL protocol
• Firmware update via RS485
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2 Order Codes
Order Code Description Size (LxW)
TMCM-1321 Module, 0.7A RMS, +24V DC, RS485 Bus interface, TMCL firmware 28mm x 28mm

Table 1: Order codes

Order Code Description
TMCM-1321-CABLE Cable loom for TMCM-1321:

• 1x cable loom for motor connector with 4-pin JST PH series connector
• 1x cable loom for encoder connector with 5-pin JST PH series connector
• 1x cable loom for power, interface and I/O connector with 8-pin JST PH se-ries connector

Table 2: Order codes cable loom
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3 Mechanical and Electrical Interfacing
3.1 TMCM-1321 Dimensions
TMCM-1321 has a size of 28mm x 28mm with round-shaped corners. It has two M2.5 mounting holesthat allow for easy assembly to the back bell of a standard NEMA11 stepper motor. Motor, Power and I/Oconnectors are placed on opposite edges of the board.

25.5mm
28mm

28mm

25.5mm

2.5mm

2.5mm

PCB

Figure 1: TMCM-1321 dimensions

3.2 Mounting Considerations
The module can directly be mounted on the back bell of standard NEMA11 stepper motors. If the built-inmagnetic encoder is to be used a diametrical two pole magnet has to be mounted onto the rear shaftof the motor. If an optical encoder is to be used the optical encoder has to be mounted to the motorshaft (without any gearing in between). The TMCM-1321 module has two metal plated mounting holes.Both mounting holes are connected to board supply ground. Please keep this in mind when mountingthe board to the rear side of a motor.

Motor Magnet

TMCM-1321

Figure 2: TMCM-1321 example motor assembly
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4 Connectors and LEDs
The TMCM-1321 is equipped with three connectors – one 8-pin connector for power supply, communi-cation (RS485) and I/O, one 5-pin connector for external ABN encoders and one 4-pin connector for con-necting the stepper motor.

Figure 3: TMCM-1321 connectors
Overview of connector and mating connector types:
Label Connector type Mating connector type
Power supply and I/O connector JST PH series, 8 pins, 0.1" pitch Connector housing: JST PHR-8Contacts, Wire: AWG 24
Encoder connector JST PH series, 5 pins, 0.1" pitch Connector housing: JST PHR-5Contacts, Wire: AWG 24
Motor connector JST PH series, 4 pins, 0.1" pitch Connector housing: JST PHR-4Contacts, Wire: AWG 24

Table 3: Connector and mating connectors

4.1 Power supply and I/O Connector
Pin no. Pin name Description
1 GND Supply and signal ground connection
2 +24V Supply voltage input (+6V to +28V DC)
3 RS485+ RS485 bus interface (non-inverting)
4 RS485- RS485 bus interface (inverting)
5 OUT0 General purpose output, open drain
6 HOME / IN0 Home switch input, also usable as general purpose input (+24V compatible)
7 STOPL / IN1 Left stop switch input, also usable as general purpose input (+24V compatible)
8 STOPR / IN2 Right stop switch input, also usable as general purpose input (+24V compati-ble)

Table 4: TMCM-1321 Power supply and I/O connector pin assignment

©2021 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, GermanyTerms of delivery and rights to technical change reserved.Download newest version at www.trinamic.com

https://www.trinamic.com


TMCM-1321 Hardware Manual • Hardware Version V1.2 | Document Revision V1.01 • 2021-MAR-04 7 / 17

NOTICE Always keep the power supply voltage below the upper limit of 28V! Oth-erwise the driver electronics will be seriously damaged. Especially, when the se-lected operating voltage is near the upper limit a regulated power supply is highlyrecommended.
NOTICE Add external power supply capacitors! It is recommended to connect an elec-trolytic capacitor of significant size (e.g. 470µF/35V) to the power supply linesnext to the TMCM-1321!Rule of thumb for size of electrolytic capacitor: C = 1000µF

A × ISUPPLYIn addition to power stabilization (buffer) and filtering this added capacitor willalso reduce any voltage spikes which might otherwise occur from a combinationof high inductance power supply wires and the ceramic capacitors. In addition itwill limit slew-rate of power supply voltage at themodule. The low ESR of ceramic-only filter capacitors may cause stability problems with some switching powersupplies.

4.2 Motor Connector
Pin no. Pin name Description
1 A1 Motor phase A pin 1
2 A2 Motor phase A pin 2
3 B1 Motor phase B pin 1
4 B2 Motor phase B pin 2

Table 5: Motor connector pinning

NOTICE Do not connect or disconnect motor during operation! Motor cable and mo-tor inductivity might lead to voltage spikes when themotor is connected / discon-nected while energized. These voltage spikes might exceed voltage limits of thedriver MOSFETs andmight permanently damage them. Therefore, always switchoff or disconnect power supply before connecting or disconnecting the motor.

4.3 Encoder Connector
Pin no. Pin name Description
1 GND Supply and signal ground
2 +5V +5V encoder supply output
3 A Encoder A channel
4 B Encoder B channel
5 N Encoder null channel

Table 6: Motor connector pinning
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4.4 RS485 Connection
For remote control and communication with a host system the TMCM-1321 provides a RS485 bus inter-face. For proper operation the following items should be taken into account:

1. BUS STRUCTURE:The network topology should follow a bus structure as closely as possible. That is, the connectionbetween each node and the bus itself should be as short as possible. Basically, it should be shortcompared to the length of the bus.

c:>
node
1

node
n - 1

node
n

Host
Slave Slave Slave

RS485

termination
resistor

(120 Ohm)

termination
resistor
(120 Ohm)

}

keep distance as
short as possible

Figure 4: RS485 bus structure with termination resistors
2. BUS TERMINATION:Especially for longer buses and/or multiple nodes connected to the bus and/or high communicationspeeds, the bus should be properly terminated at both ends. The TMCM-1321 does not integrateany termination resistor. Therefore, 120 Ohm termination resistors at both ends of the bus have tobe added externally.
3. NUMBER OF NODES:The RS485 electrical interface standard (EIA-485) allows up to 32 nodes to be connected to a sin-gle bus. The bus transceiver used on the TMCM-1321 units (SN65HVD1781D) offers a significantlyreduced bus load compared to the standard and allows a maximum of 255 units to be connectedto a single RS485 bus using standard TMCL firmware. Please note: usually it cannot be expected toget reliable communication with the maximum number of nodes connected to one bus and maximumsupported communication speed at the same time. Instead, a compromise has to be found between buscable length, communication speed and number of nodes.
4. COMMUNICATION SPEED:Themaximum RS485 communication speed supported by the TMCM-1321 hardware is 1Mbit/s. Fac-tory default is 9600 bit/s. Please see separate TMCM-1321 TMCL firmware manual for informationregarding other possible communication speeds below the upper hardware limit.
5. NO FLOATING BUS LINES:Avoid floating bus lines while neither the host/master nor one of the slaves along the bus line istransmitting data (all bus nodes switched to receive mode). Floating bus lines may lead to communi-cation errors. In order to ensure valid signals on the bus it is recommended to use a resistor networkconnecting both bus lines to well defined logic levels.

There are actually two options which can be recommended: Add resistor (bias) network on one sideof the bus, only (120R termination resistor still at both ends):
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Figure 5: RS485 bus lines with resistor (bias) network on one side, only
Or add resistor network at both ends of the bus (like Profibus™ termination):
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+5V
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pull-down (390R)

Figure 6: RS485 bus lines with Profibus™recommended line termination

4.5 RS485 Bus Adapters
To quickly connect to the TMCM-1321 a PC based integrated development environment called TMCL-IDE isavailable. The latest release can be downloaded for free from our web site: www.trinamic.com A numberof common CAN interface adapters from different manufactures is supported from within this software.Please make sure to check our web site from time to time for the latest version of the software!

4.6 Status LED
The TMCM-1321 module is equipped with a green status LED. When in TMCL mode the LED is blinking.When in boot loader mode the LED is constantly on.
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Figure 7: TMCM-1321 LED
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5 Operational Ratings and Characteristics
5.1 Absolute Maximum Ratings
Parameter Min Max Unit
Supply voltage +9 +28 V
Working temperature -30 +40 ° C
Motor coil current / sine wave peak 1.0 A
Continuous motor current (RMS) 0.7 A

NOTICE Stresses above those listed under "‘Absolute Maximum Ratings"’ may cause per-manent damage to the device. This is a stress rating only and functional opera-tion of the device at those or any other conditions above those indicated in theoperation listings of this specification is not implied. Exposure to maximum rat-ing conditions for extended periods may affect device reliability.

5.2 Electrical Characteristics (Ambient Temperature 25° C)
Parameter Symbol Min Typ Max Unit
Supply voltage V DD 9 24 28 V
Motor coil current / sine wave peak (chopper regulated, ad-justable via RS485 interface) ICOILpeak 0 1.0 A
Continuous motor current (RMS) ICOILRMS 0 0.7 A

Table 8: Electrical Characteristics
5.3 I/O Ratings (Ambient Temperature 25° C)
Parameter Symbol Min Typ Max Unit
Input voltage VIN 5 5.5 V
Low level voltage VL 0 1.75 V
High level voltage VH 3.25 5 V

Table 9: I/O ratings
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5.4 Functional Characteristics
Parameter Description / Value
Control RS485 bus interface, four digital inputs, one configurable output
Communication RS485 bus interface for control and configuration using TMCL protocol, up to115200bps (default 9600bps)
Driving Mode spreadCycle, constant Toff chopper, adaptive current control via stallGuard2and coolstep
Stepping Resolution Full, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256 step

Table 10: Functional Characteristics
5.5 Other Requirements
Specifications Description or Value
Cooling Free air
Working environment Avoid dust, water, oil mist and corrosive gases, no condensation, no frosting
Working temperature -30° C to +40° C

Table 11: Other Requirements and Characteristics
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8 Supplemental Directives
8.1 Producer Information
8.2 Copyright
TRINAMIC owns the content of this user manual in its entirety, including but not limited to pictures, logos,trademarks, and resources. © Copyright 2021 TRINAMIC. All rights reserved. Electronically published byTRINAMIC, Germany.
Redistributions of source or derived format (for example, PortableDocument Format orHypertextMarkupLanguage) must retain the above copyright notice, and the complete Datasheet User Manual documen-tation of this product including associated Application Notes; and a reference to other available product-related documentation.
8.3 Trademark Designations and Symbols
Trademark designations and symbols used in this documentation indicate that a product or feature isowned and registered as trademark and/or patent either by TRINAMIC or by other manufacturers, whoseproducts are used or referred to in combination with TRINAMIC’s products and TRINAMIC’s product doc-umentation.
This Hardware Manual is a non-commercial publication that seeks to provide concise scientific and tech-nical user information to the target user. Thus, trademark designations and symbols are only entered inthe Short Spec of this document that introduces the product at a quick glance. The trademark designation/symbol is also entered when the product or feature name occurs for the first time in the document. Alltrademarks and brand names used are property of their respective owners.
8.4 Target User
The documentation provided here, is for programmers and engineers only, who are equipped with thenecessary skills and have been trained to work with this type of product.
The Target User knows how to responsibly make use of this product without causing harm to himself orothers, and without causing damage to systems or devices, in which the user incorporates the product.
8.5 Disclaimer: Life Support Systems
TRINAMIC Motion Control GmbH & Co. KG does not authorize or warrant any of its products for use inlife support systems, without the specific written consent of TRINAMIC Motion Control GmbH & Co. KG.
Life support systems are equipment intended to support or sustain life, and whose failure to perform,when properly used in accordance with instructions provided, can be reasonably expected to result inpersonal injury or death.
Information given in this document is believed to be accurate and reliable. However, no responsibilityis assumed for the consequences of its use nor for any infringement of patents or other rights of thirdparties which may result from its use. Specifications are subject to change without notice.
8.6 Disclaimer: Intended Use
The data specified in this user manual is intended solely for the purpose of product description. No rep-resentations or warranties, either express or implied, of merchantability, fitness for a particular purpose
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or of any other nature are made hereunder with respect to information/specification or the products towhich information refers and no guarantee with respect to compliance to the intended use is given.
In particular, this also applies to the stated possible applications or areas of applications of the product.TRINAMIC products are not designed for andmust not be used in connection with any applications wherethe failure of such products would reasonably be expected to result in significant personal injury or death(safety-Critical Applications) without TRINAMIC’s specific written consent.
TRINAMIC products are not designed nor intended for use inmilitary or aerospace applications or environ-ments or in automotive applications unless specifically designated for such use by TRINAMIC. TRINAMICconveys no patent, copyright, mask work right or other trade mark right to this product. TRINAMIC as-sumes no liability for any patent and/or other trade mark rights of a third party resulting from processingor handling of the product and/or any other use of the product.
8.7 Collateral Documents & Tools
This product documentation is related and/or associated with additional tool kits, firmware and otheritems, as provided on the product page at: www.trinamic.com.
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9 Revision History
9.1 Hardware Revision
Version Date Author Description
1.2 2021-01-22 TMC First release.

Table 12: Hardware Revision
9.2 Document Revision
Version Date Author Description
1.00 2021-01-22 TMC First release.
1.01 2021-03-04 TMC Updated application list.

Table 13: Document Revision
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