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Bridge Driver

MCU 1
GCode . .
B”dgeBDnver

MCU 2 Bridge Driver

GCode Sender

3D Model: User Interface Bridge Driver

MCU 3 Bridge Driver

Bridge Driver

CAD, CAM, tool (E-stop,
path joystick)




MCU 1 BrldgeADrlver

GCode . .
B”dgeBDnver
MCU 2 Bridge Driver

GCode Sender

3D Model: User Interface

Bridge Driver
CAD, CAM, tool (E-stop,

path joystick)

MCU 3 Bridge Driver
We will focus on this portion:

Bridge Driver




M200ps  Delay 100ms f < 10Hz SIGLENT M200ps  Delay 100ms £<10

Sa 500MSals 500MSals
Curr 1.4Mpts 1.4Mpts

Edge
£ DC DC
L 4.00v L 4.00V

1 | e 1 | CED
4 100vidiv 1.50 Vidiv
300V 450 ¥

AT=368.0us AT=188.0ps 4
4 AT=2.72kHz 1 AT=5.32kHz

%2 = 43.00ps ¥2 = 48.00ps
¥1=-3200ps X1=-1400ps

Av= 4.08Y Av= 482Y

Y2 = 408V Y2 =482V

¥1= 000V 1= 0,00V

P

CURSCR Freg[ =" Max[ 1=6 96v Min[ T=-760.0rmv/ CURSCR Freg[ ="** Max[ =7 44v Min[ 1=-920 Ormv/
Mode X1 X1 Source X2 Source Made X1 X1Source X2 Saource
Track -3200ps CH1 CH1 o Track -1400ps CH1 CH1

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

Assume first-order approx. Large time constant!!
>>Motor: tau=L 0/ (R 0+R _ext) Tau = LO/RO = 4.2ms
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Supply high

voltage here

us
0SCILLATOR MOTOR
] WINDING
FLIP
FLOP
__*S;Z:——o SENSE
UREF
COMPARATOR RESISTOR

b Limit current with

pre-set level



Bridge Driver A

Bridge Driver B
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Step signal

generator

*Discussed later
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Reverse battery-polarity
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vbat Vbat
‘A’ side ‘B’ side ‘A’ side ‘B’ side
Q1 Q3 Q1 Q3
— — —
D1 D3 — l«— A D1 D3 —
X F - ™ - :
le— A D2 D4 le— A D2 DAX —i|
e - -i‘.
Q2 J Q4 Q2 ¢ Q4
Above: “ON”/forward Above: “slow-decay”

— “ON” period
— “OFF” period

Vbat

Vbat
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Vbat

‘A’ side ‘B’ side

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




1{Phase & Currel
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‘A’ side

Vbat

P

Place shunt
resistor here

Ui

‘B’ side



Vbat
‘A’ side
Q1
D1 D3
'—
le— A D2 D4
l_
Q2 y
Above: “ON”/forward Above:

— “ON” period
— “OFF” period

“fast-decay”

Viat

Vbat

Vit

“Vear

Iz

:‘A’ side motor potential :

:’B' side motor potential : |

Mot

or voltage




In-line current sensing: Reduced distortion

Fast Decay

L

‘A’ side ' ) ‘B’ side

Step Pulse I . Slow Decay

Slow Decay During tore Unless Iéur > lrip at end of tope
[ A T g ~2.5065/s
SM points

Source:
Above: “faSt_decay" https://www.eenewseurope.com/en/improving-current-control-for-better-stepper
-motor-motion-quality/
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MPLAB IDE




VDD

=

In-line shunt
placement

'Offset' centers output to vdd/2

w0 ™
Vs Offset

MOTOR_PIN2 NN | £l A —
|
|
|

may require RC filter at output
I (into MCU ADC)
8 IN+
T i >\\\\ l 5

R1 TEM o1 O s B~ P outl : > C_INA
10mQ | |
| |
| |
| — _ _eo_ _ _ »mf |a2 _ _ _ _ _ |
;T o« LMP8601MA
Ul

H1A s < _>—r

60kHz integrated lowpass filter
(3rd order Butterworth) implemented
internally.

May use external C or RC network here
for additional filtering
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Should use bulk

capacitors PER VR Bt R R :

SIDE of H-bridge .A | g0238888888888008075 Snubber too far
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Power inductor not
currently in-use
(too large)




Long wires: source of
feedback & signal noise!
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GND band

Long ground
loop




Viar Viar

‘A’ side ‘B’ side ‘A’ side ‘B’ side

— “ON” period
— “OFF” period

Above: “ON”/forward Above: “shoot-through”
—PROHIBITED
Vbat Vbat Vbat

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



H-bridge: MOSFET selection

® Calculated continuous current based on maximum allowable

Vop =28V Source: IRF3205 datasheet

Ip = 62A
ro-4se  Note: SWitchingtime'<<'motortat

o |L..=2mA Source: TLE7182EM datasheet

junction temperature. Package limitation current.i A.

ugd JalcTiutwiaill | vinigt ) wviaiye ﬁ VGS = 1vy, Ot

td(on) Turn-On Delay Time /14 |— \

tr Rise Time 101 [— i

ta(off) Turn-Off Delay Time 50 [—

t Fall Time 65 |— / Vgs = 10V, S¢
MOSFET driver output
5.1.11 |Output source resistance Rg,, - 13.5
5.1.12 |Output sink resistance Rgin - 9.0

Q o _



Design Deep Dive: MOSFET selection

e Given V_DD = 24V, Motor_R = 0.3870hm
o |_max (steady state) = 62A
e Operating at such high voltages reduces
rise time T_rise from 12.4ms — 0.2ms
o However, faulty operation could lead
to very high currents!

® Calculated continuous current based on maximum allowable
junction temperature. Package limitation current is 75A.

\.lgd Gaetwotwianl | vinel ’ \Jlldlyﬂ — p— U4 VGS = 1uyv, Ot

td(on) Turn-On Delay Time — | 14 |— Vpp =28V

tr Rise Time — [ 101 | — - Ip = 62A

ta(off) Turn-Off Delay Time — | 50 |— Rg = 4.5Q

1 Fall Time — | 65 |— Vgs = 10V, S¢

e Holdo

Above: from IRF3205 datasheet

Note: switching time << motor tau —Motor current, V_DD = 24V
MOSFET driver output

Left: from TLE7182EM datasheet

5.1.11 | Output source resistance Rsou 2 - 1835 |Q li0a™20mMA  Remark: MOSFET switch time dominated by
5.1.12 |Output sink resistance Rgink 9.0 Q 1 ;og=20mA driver limitations
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Var Viat Continuoys motor current | I
I | | I
|

|

A}

- - tan Ly f_conduct |
Above: “ON”/forward Above: discontinuous |

current flow i Off- ; Off-
On-time : s : On-time :
| time | time

| |
| |
l L L
| Off- | , | Off- |
On-time | O | On-time [ O l
| time | time
| [ [ l
| [ | I
! [ [ l
Discontinudus motor current: :
| Loef n-rL I |
< 3 [ l
|
l
|
|
|

— “ON” period
- “OFF” period Above: because of the body diode, motor
current is prevented from reversing




