




¼”-20 lead 
screw!

¼”-20 lead 
screw!

Cheap 
motor!



PC
GCode 

Translator

MCU 1

G
Co

de
 S

en
de

r

Bridge Driver 
A

Bridge Driver 
B

MCU 2 Bridge Driver 
C

Bridge Driver 
D

MCU 3 Bridge Driver 
E

Bridge Driver 
F

M
ot

or
 1

M
ot

or
 3

M
ot

or
 2

User Interface 
(E-stop, 
joystick)

3D Model: 
CAD, CAM, tool 

path



PC
GCode 

Translator

MCU 1

G
Co

de
 S

en
de

r

Bridge Driver 
A

Bridge Driver 
B

MCU 2 Bridge Driver 
C

Bridge Driver 
D

MCU 3 Bridge Driver 
E

Bridge Driver 
F

M
ot

or
 1

M
ot

or
 3

M
ot

or
 2

User Interface 
(E-stop, 
joystick)

3D Model: 
CAD, CAM, tool 

path

We will focus on this portion: 



Assume first-order approx. 
>>Motor: tau=L_0/(R_0+R_ext) 
>> L_0=1.61E-3H, R_0=0.387ohm

>> tau=368E-6s, R_ext=8.2ohm >> tau=168E-6s, R_ext=4ohm

Large time constant!!
Tau = L0/R0 = 4.2ms



Vcc = 24v

Vcc = 9v

Vcc = 1.5v

Target current

higher voltage

higher voltage

Higher voltages 
yield faster rise 
times

Higher voltages 
yield faster rise 
times

Higher voltages 
yield faster rise 
times*
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Low voltage



Supply high 
voltage here

Limit current with 
pre-set level
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MCU

H-bridge 1 H-bridge 2 Test motor

Step signal 
generator

auxilliary 
circuit*

*Discussed later







H-Bridge:



Reverse battery-polarity 
protection:



Charge pumps for 
High-side MOSFETs:



Low-side 
current-feedback loop:



Above: “slow-decay”Above: “ON”/forward

→ “ON” period
→ “OFF” period



Current does not flow through 
low-side shunt during off cycle



distortion!



Place shunt 
resistor here



Above: “fast-decay”Above: “ON”/forward

→ “ON” period
→ “OFF” period



In-line current sensing: Reduced distortion

Source: 
https://www.eenewseurope.com/en/improving-current-control-for-better-stepper
-motor-motion-quality/

Above: “fast-decay”



Here it is!



In-line shunt 
placement



—-Low-side i_sense—-In-line i_sense

H-bridge 
changing states

H-bridge 
changing states



Snubber too far 
away

Parent 
MOSFET

All other MOSFET have 
their snubbers nearby

Should use bulk 
capacitors PER 
SIDE of H-bridge



Power inductor not 
currently in-use 
(too large)



Consolidate into 
one board! Long wires: source of 

feedback & signal noise!



—-Imotor

Fuzzy scope 
probe noise



Long ground 
loop

remove!

GND band



Above: “slow-decay” Above: “fast-decay” Above: discontinuous 
current* 

Above: “ON”/forward Above: “shoot-through” 
–PROHIBITED

→ “ON” period
→ “OFF” period



H-bridge: MOSFET selection

Source: IRF3205 datasheet
Note: switching time << motor tau

Source: TLE7182EM datasheet
Remark: MOSFET switch time 
dominated by driver limitations 



Design Deep Dive: MOSFET selection

● Given V_DD = 24V, Motor_R = 0.387ohm
○ I_max (steady state) = 62A 

● Operating at such high voltages reduces 
rise time T_rise from 12.4ms → 0.2ms

○ However, faulty operation could lead 
to very high currents!

—-Motor current, V_DD = 24V
Above: from IRF3205 datasheet
Note: switching time << motor tau

Left: from TLE7182EM datasheet
Remark: MOSFET switch time dominated by 
driver limitations 



Above: discontinuous 
current flow

Above: “ON”/forward

→ “ON” period
→ “OFF” period Above: because of the body diode, motor 

current is prevented from reversing


