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Cassoday SCRUB  Board (refresh)
Changelog:
Rev B:
- Updated to use Rev B of H Bridge.
- Using Rev C Half Bridge
- Added 3.3V to 5V level shift XOR gate on BRIDGE_ENABLE to bring HIP4082 usage into its specification.
- Changed QPL Number (And MPN, Manufacturer, and Value) on all Q19024-005 parts to Q19024-002, to match the incorrect footprint that ended up being used.
- Changed 1nF to 100pF filter cap on Low side drivers.
Rev C:
- Deleted Bad Occurance Properties in H and Half Bridges to let Instance Properties shine through.  This has the effect of correcting gate resistances
capacitances, and BJT footprints
- Changed Symbol for J5 to make the connections more intuitive.  There are two pins on the connector for every one contact, and the mapping before was
confusing.
Rev D:
- Added gate pull downs on low side drivers. TS
- Changed threshold set circuitry on both H and Half bridges to allow higher setting voltages to mesh with the offset in the H and Half Bridges.
- Added pulldown to BRIDGE_ENABLE to disable if micro is tristated.
- Switched to a Homogeneous HIP4082 symbol to fix unintended refdes changing behavior.
- Using Rev D of the H and Half Bridge Modules.  See those schematics for change logs.
- Changed opamp U8 in the 2nd order low pass filter and Half Bridge threshold set circuit from an LMV358D to a LM358D to allow higher supply voltages.
- Added a gain of 2x to the 2nd order low pass filter to allow full range of threshold setting now that we have a 2.8V offset.
- Changed Half Bridge threshold setting to 4.8V (which works out to 40A +-1.5A.)
- Added resistors R227 -> R242  (121 ohm) for improved test coverage.
- Added resistors R243 -> R248 and changed R63, R62, R78 Low side current sense circuit
- Changed P1 the B+ stud hole size to 0.222”  
- Populated CAN Transceiver resistors R32 and R34
- Corrected R38 QPL part number for 6.65K ohm threshold voltage 
- Added missing manufacture and manufacture part numbers to match the QPL listing
- Corrected C12,C26,C27 QPL number to Q11002-046 to match the 0603 footprint
- Updated J2 footprint for use with top entry part number B3B-PH-SM4-TB 
- Updated schematic database for use with an allegro layout
- Added NC pin number properties to U19, U24, J2, J3, J4, J5, J6
- Removed illegal characters ‘/’ and ‘.’ From footprints names
- Added pin numbers to schematic capacitor and resistor symbols when missing
- Added TVS diode SMAJ48A QPL# Q13007-006 across V_BATT
- Changed resistor values and tolerances for current threshold and power supply
- Changed C161 from .1uF to 1uF to give a 10ms time constant instead of 1ms.  1ms would have let too much 2kHZ ripple (on 12V) through.  1uF is better.
- Added Reference designator occurance property "R159" to 200 Ohm next to C171 in module A2.
- Updated U22B in module A3 to have correct pinout.  Just changed to "U22A" then "U22B" again.  Stupid bug.
- U29C in A2 corrected to U29A (it was conflicting with a spare part, and previous revisoins had U29A there.)  I'm not sure how this got messed up.
 - Changed power supply reference resistors

Rev - H:
- Changed resistor values for stupid horn problem.
- R245 went from 187 to 475
- R62 went from 475 to 1.27K

Rev - G:
 - Added H-bridge snubbers
 - Syncs up with Q25038-007

Rev - I:
- T12 refresh board proto.
- Changed processor to LM4.
- Flatten schematic and update drivers to latest practice.
- Remove peak detector from motor drivers current feedback signals.
- Change P1 and P2 to be pressed in studs
- Back annotate reference designators.

(REFERENCE ONLY) PCA   1219352

Rev - J:
- T12 refresh board production.
- Added pullup to RESET_DRIVERS line.
- Change actuator driver current scaling.

Q26012-002
Rev - A:
- T12 Post-Production changes. Silk-screen, schematic 
and BOM changes needed to make the board match up 
to Service Manual. CAH 04 Aug 2016
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To make a tranceiver endpoint,
simply populate the 62 Ohm
resistors

Note:

CAN INTERFACE
RS-232 SERIAL PORT

N.C.

MAXIM DS1816-10 3.3v RESET, 
OPEN DRAIN $.54
INTERNAL 5.5K PULLUP, 
SOT23 PACKAGE
produces a 150msec pulse.

TTL LEVEL INPUTS

JTAG

27 Ohm resistors are from the eval u a t i o n  b o a r d  d e s i g n
h t t p : / / w w w . l u m i n a r y m i c r o . c o m / p r o d u c t s / d k - l m 3 s 9 b 9 6 . h t m l

Pin 7 - JTAG_RTCK
NO CONNECT

ELECTROSTATIC DISCHARGE PROTECTION
over operating free-air temperature range 
PARAMETER TEST CONDITIONS VALUE
IEC Contact Discharge IEC 61000-4-2 Bus terminals vs GND ±6 kV
Human Body Model JEDEC Standard 22,Test Method A114-C.01  Bus terminals vs GND ±8 kV 
                                                          All pins ±4 kV
Field-Induced-Charged Device Model JEDEC Standard 22,Test Method C101 All pins ±1.5 kV 
Machine Model ANSI/ESDS5.2-1996 ±200 V

A JST PH SERIES SMT CONNECTOR
2MM PITCH STRAIGHT UP HEADER

MOLEX MINI-FIT SR.
5 PIN CONNECTOR
WITH 10 PADS

NOT POPULATED

BOARD REVISION BIT 0
BOARD REVISION BIT 1
BOARD REVISION BIT 2

BOARD REVISION BIT DECODER:
BIT        2    1    0
REV 0      0    0    0
REV 1      0    0    1       FIRST RE-SPIN   
REV 2      0    1    0     
REV 3      0    1    1DNI

ERRATA versions 6&7:
The following pins (which are dependent on pin package) are fixed at a 4 mA pad drive
and are not configurable for open drain: PL6 and PL7 (157-BGA, 144-LQFP)

5V TOLERANT INPUTS EXCEPT PB0, PB1

DNI

GREEN LED
HEARTBEATYELLOW LED

CAN

All GPIO pins are configured as GPIOs by
default with the exception of:
PA1:0 DEFAULTS TO UART0
PA5:2 DEFAULTS TO SSI0
PB3:2 DEFAULTS TO I2C0
PC3:0 DEFAULTS TO JTAG

CORE VOLTAGE
=1.2V+-10%

Vf=2.1V typ, gives 8mA.

GPIOS HAVE SCHMITT TRIGGER INPUTS
GPIO DEFAULT: PULLDOWN OFF, PULLUP OFF,
TRISTATED, INPUT.
ACCEPTABLE PRACTICE FOR UNUSED GPIOS IS NC.

VDDA RANGE 2.97V to 3.63V.

440uA max in

VREFA+ RANGE 2.4V to VDDA.

VREFA- RANGE 0V to 0.3V.

INTERNAL REFERENCE FOR LM3 PROCESSOR WAS 3.0V.

MUST BE PLACED
CLOSE TO U3.

OPEN
DRAIN

WAS J5 in Design, but J3 in Service Manual. 
FIXED TO REFLECT SERVICE MANUAL.
CHANGE: J5 --> J3
CAH 04 AUG 2016

WAS J6 in Design, but J4 in Service Manual. 
FIXED TO REFLECT SERVICE MANUAL.
CHANGE: J6 --> J4
CAH 04 AUG 2016

WAS J3 in Design, but J5 in Service Manual. 
FIXED TO REFLECT SERVICE MANUAL.
CHANGE: J3 --> J5
CAH 04 AUG 2016

WAS J4 in Design, but J6 in Service Manual. 
FIXED TO REFLECT SERVICE MANUAL.
CHANGE: J4 --> J6
CAH 04 AUG 2016

UART_RX

UART_TX

RS232_TX

RS232_RX

CAN+
CAN-

PM5
PM6
PM7

PP2

HEARTBEAT_LED
CAN_LED

FLASH_CS/

FLASH_WP/

FLASH_RX

FLASH_CLK

FLASH_TX

+5V

+3.3V

+3.3V

+3.3V

+3.3V +3.3V +3.3V

+5V

V_BATT

+12V

+3.3V

+3.3V

+5V

+3.3V +3.3V

+3.3V

+3.3V

+3.3V

+3.3V

SCRUB_1_STATUS5

SCRUB_1_CURRENT_FB5
ACTUATOR_CURRENT_FB6

HORN3

JTAG_TMS 2
JTAG_TCK 2

JTAG_TDI 2
JTAG_TDO 2

JTAG_TDO2

JTAG_TCK2
JTAG_TMS2
JTAG_TDI2

SCRUB_2_CURRENT_FB7

ACT_CURRENT_SET 6

ACTUATOR_MOTOR_DIRECTION 6

SOLUTION_TANK_EMPTY_SW2 SOLUTION_TANK_EMPTY 2

VALVE3
VALVE_STROBE3

VALVE_CURRENT_FB3

AUDIBLE_WARNING3

HORN_LO3
VALVE_LO3

AUDIBLE_WARNING_LO3

FLYBACK3

SOLUTION_TANK_EMPTY_SW2

ACTUATOR_STATUS6
VALVE_STATUS3

MOTORS_ENBL 5,6,7

SCRUB_MOTOR_SPEED 5,7

AUDIBLE_WARNING_CURRENT_FB 3

AUDIBLE_WARNING_STROBE3

HORN_STROBE3

SOLUTION_TANK_EMPTY2

HORN_STATUS3

AUDIBLE_WARNING_STATUS3

ACTUATOR_MOTOR_SPEED 6

ACTUATOR_A6
ACTUATOR_B6

SCRUB_MOTOR_1_LOW5

SCRUB_MOTOR_2_LOW7

CAN0_RX 2
CAN0_TX 2

HORN_CURRENT_FB3

SCRUB_2_STATUS7

CAN0_RX2
CAN0_TX2
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C62
1uF

LED2_Y1

LED

R11

1K

C171
0.047uF

C29 0.1uF

C117
0.01uF

R18

1K

R21 121

C19

18pF

R58
100K

C12
0.01uF C143

0.1uF

C38 0.1uF

C23

0.1uF

C45
0.01uF

X1 ABLS-16.000MHZ-B2-T

R70

R20

1K

C111
0.01uF

R120 10K

R193
62

R194
1K

U1

74LVC1G07
NC

1
A

2

G
N

D
3

Y
4

V
C

C
5

C118

0.1uF

R19

C20

18pF

FB3
300 Ohms

C173 0.1uF

C46
0.1uF

U6

MAX3232

R1IN
13

R2OUT
9

GND
15

R1OUT
12

T1OUT
14C1+

1

C1-
3

C2+
4

C2-
5

V+
2

V-
6

VCC
16

T1IN
11

T2IN
10

T2OUT
7

R2IN
8

FB4 300 Ohms

J5

CON10B

1
2
3
4
5

6
7
8
9
10

R27 121

C35 0.1uF

U2

DS1816R

RESET
1

G
N

D
3

V
C

C
2

U26

LM4128
0.5%3.0V

NC
1

VIN
4

ENBL
3

G
N

D
2

VREF
5

J6

CON16

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

R192
62

C18

0.1uF

U35

SN65HVD1050D

TXD
1

G
N

D
2

V
C

C
3

RXD
4

VREF
5

CANL
6CANH
7

SILENT
8

C126
0.01uF

R133
1K

U16

AT45DB081D/SOIC_NARROWANDWIDE

VCC
6

GND
7

SCLK
2

SI
1

SO
8

RST
3

WP
5

CS
4

U12

TM4C123GH6PGEI

PA0/U0RX
37

PA1U0TX
38

PA2/SSI0CLK
39

PA3/SSI0FSS
40

PA4/SSI0RX
41

PA5/SSI0TX
42

PA6
45

PA7
46

PC3/TDO
115 PC2/TDI
116 PC1/TMS
117 PC0/TCK
118

PC7/GPIO1
33 PC6/GPIO0
34 PC5/U1TX/U1CTS
35 PC4/U1RX/U1RTS
36

PE0AIN3
15

PE1/AIN2
14

PE2/AIN1
13

PE3/AIN0
12

PE4/AIN9/I2C2SCL
139

PE5/AIN8/I2C2SDA
140

PE6/AIN21
133

PE7/AIN20
134

PG0
55

PG1
54

PG2/M1PWM0
53

PG3/M1PWM1
52

PG4/M1PWM2/U2RX
51

PG5/M1PWM3/U2TX
50

PG6
48

PG7
47

PJ0
120

PJ1
121

PJ2
122

PJ3
123

PJ4
127

PJ5
128

PJ6
129

PJ7
130

PL0
108

PL1
107

PL2
106

PL3
105

PL4
104

PL5
103

PL6/USB0DP
96

PL7/USB0DM
95

PN0/CAN0RX
81

PN1/CAN0TX
80

PN2
20

PN3
119

PN4
71

PN5
70

PN6
69

PN7
68

PB0/USB0ID/U1RX
97

PB1/USB0VBUS/U1TX
98

PB2/I2C0SCL
99

PB3/I2C0SDA
100

CAN0RX/PB4/AIN10
136

CAN0TX/PB5/AIN11
135

PD0/AIN15/SSI1CLK
1

PD1/AIN14/SSI1FSS
2

PD2/AIN13/SSI1RX
3

PD3/AIN12/SSI1TX
4

PD4/AIN7
141

PD5/AIN6
142

PD6/AIN5
143

PD7/AIN4
144

CAN0RX/PF0/M1PWM4
62

PF1/M1PWM5
63

PF2/M1PWM6
64

CAN0TX/PF3/M1PWM7
65

PF4
61

PF5
60

PF6
59

PF7
58

PH0/M0PWM0
32

PH1/M0PWM1
31

PH2/M0PWM2
28

PH3/M0PWM3
27

PH4/M0PWM4
26

PH5/M0PWM5
23

PH6/M0PWM6
22

PH7/M0PWM7
21

PK0/SSI3CLK/AIN16
16

PK1/SSI3FSS/AIN17
17

PK2/SSI3RX/AIN18
18

PK3/SSI3TX/AIN19
19

PK4
112

PK5
111

PK6
110

PK7
109

PM0
89

PM1
88

PM2
87

PM3
86

PM4
85

PM5
84

PM6
83

PM7
82

PP0/AIN23
131

PP1/AIN22
132

PP2
11

RST
90

OSC0
92

OSC1
93

XOSC1
76

XOSC0
74

GNDX
75

GND1
6

GND2
25

GND3
30

GND4
44

GND5
57

GND6
67

GND7
79

GND8
91

GND9
102

GND10
114

GND11
125

GND12
138

GNDA
10

VBAT
77

HIB
73

WAKE
72

VREFA+
8

VREFA-
9

VDDC1
49

VDDC2
126

VDD1
5

VDD2
24

VDD4
43VDD3
29

VDD5
56

VDD6
66

VDD7
78

VDD8
94

VDD9
101

VDD10
113

VDD11
124

VDD12
137

VDDA
7

R49
100K

FB2
300 Ohms

J3

CON4

1
2
3
4

R57 27.4

TP3

C125
1uF

J4

CON4

1
2
3
4

C64
0.1uF

C122
1uF

C115
0.01uF

R89 162

C127
1uF

R47

R90
10K

C107
0.1uF

C47 0.1uF

R74 162

FB1

300 Ohms

R25
100K

C28

0.1uF

R91
10K

R28 121

R195
10K

R12
10K

C17

1uF

R71

R190 0 ohm

LED1_G1

LED

J2

20021121-00010C4LF

1 2
3 4
5 6
7 8
9 10

J1

CON3

1
2
3

D8 S1MB

R48
100K

http://www.luminarymicro.com/products/dk-lm3s9b96.html
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2512-SIZE
1 WATT2512-SIZE

1 WATT

LOW SIDE DRIVERS

2512-SIZE
1 WATT

RS
1G

RS
1G RS

1G

AS SHOWN = 2A CURRENT LIMIT.
AMPLIFIER GAIN = 25.

Spares

AS SHOWN = 5A CURRENT LIMIT.
AMPLIFIER GAIN = 10.

DC OFFSET = 20mV.DC OFFSET = 50mV.

DC OFFSET = 20mV.

AS SHOWN = 2A CURRENT LIMIT.
AMPLIFIER GAIN = 25.

LINE WIDTH
50 MILS.

LINE WIDTH
50 MILS.

LINE WIDTH
50 MILS.

Current-sense
resistor routing -
See page 5.

Current-sense
resistor routing -
See page 5. Current-sense

resistor routing -
See page 5.

2.5V_ref

RESET_DRIVERS/

2.5V_REF

2.5V_ref

GND

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+3.3V

+5V

+5V

+5V

HORN2 AUDIBLE_WARNING2

AUDIBLE_WARNING_LO 2
HORN_LO 2

VALVE2

VALVE_STROBE2

RESET_DRIVERS/

2,3,5,6,7

VALVE_LO 2

AUDIBLE_WARNING_CURRENT_FB 2HORN_CURRENT_FB 2

VALVE_CURRENT_FB 2

VALVE_STATUS 2

HORN_STATUS 2 AUDIBLE_WARNING_STATUS 2

HORN_STROBE2 AUDIBLE_WARNING_STROBE2

2.5V_REF 3

FLYBACK 2,3

FLYBACK 2,3

FLYBACK 2,3

RESET_DRIVERS/2,3,5,6,7

2.5V_REF3
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U28A

74HCT74

CLK
3

CLR
1

D
2

PRE
4

Q
5

14
VCC

GND
7

Q
6

+C156 100pF

R166 11.5K

D14

1A 400V

R140
10K

R163 1K

+C157 100pF

U29C
LMV339M

+
9

-
8

V+
3

V-
12

OUT
14

TP53

R184
10K

TP54

R162 1K

U31B 74HCT74

CLK
11

CLR
13

D
12

PRE
10

Q
9

14
VCC

GND
7

Q
8

R151
10K

C160

0.1uF

R139
10K

TP58

R187
10KR182

10K

U28B

74HCT74

CLK
11

CLR
13

D
12

PRE
10

Q
9

14
VCC

GND
7

Q
8

R123 1M

M5
IRLR2908pbf

C168

100pF

R146
10K

C153

100pF

U34A
LMV358/NS

+
3

-
2

V+
8

V-
4

OUT
1

R143 1M

R179 121

U29D
LMV339M

+
11

-
10

V+
3

V-
12

OUT
13

TP41

R175
10K

R153
10K

U34B
LMV358/NS

+
5

-
6

V+
8

V-
4

OUT
7

TP55

R183
10K

R145
10K

TP57

M6
IRLR2908pbf

D15

1A 400V

R128
10K

R181
.04 ohms (SHUNT)

R122
121

R125
10K

R171 475

U29B
LMV339M

+
7

-
6

V+
3

V-
12

OUT
1

R152
10K

R144
10K

R186 121

C167

100pF

+C155 100pF

R124
10K

D13

1A 400V

R127
10K

R177
47K

R150
121

TP56

U30A
LMV358/NS

+
3

-
2

V+
8

V-
4

OUT
1

U29A
LMV339M

+
5

-
4

V+
3

V-
12

OUT
2

TP61

C163

0.1uF

U30B
LMV358/NS

+
5

-
6

V+
8

V-
4

OUT
7

U31A 74HCT74

CLK
3

CLR
1

D
2

PRE
4

Q
5

14
VCC

GND
7

Q
6

R132
10K

R173 187

TP42

C130

0.1uF

R141
121

R164

10
K

R167 47K

C162

0.1uF

R185
10K

R170 187

C141

0.1uF

TP51

R169
475

TP48

C135

100pF

R126
10K

R172
1.27K

R147 1K

R130
10K

R176
47K

R121
10K

TP43

U27B
LMV339M

+
7

-
6

V+
3

V-
12

OUT
1

R138 1M

R188 121

R129
10K

R178
.04 ohms (SHUNT)

C137

0.1uF

U27D
LMV339M

+
11

-
10

V+
3

V-
12

OUT
13

R160 11.5K

R154
10K

TP44

C136

100pF

TP45

M7
IRLR2908pbf

R180
.04 ohms (SHUNT)

R148 10K

R161 11.5K

R149 121

TP52

R174
475

U27A
LMV339M

+
5

-
4

V+
3

V-
12

OUT
2

R136
10K

U27C
LMV339M

+
9

-
8

V+
3

V-
12

OUT
14

C154

100pF

R165
10K
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Power Supplies

CAPACITORS FROM T16 DESIGN
ESR = 21 mOhm
RIPPLE = 3 A
25mm HIGH X 16mm DIAM
$.38 EACH AT DIGIKEY @1K PC

+3.3V Supply

RECOMMENDED CRAMP = L x .00001

disable

+12V Supply

1 AMP CAPABILITY

RT2 GIVES 494KHz
SWITCHING FREQUENCY

SPECIFICATIONS:
--INPUT VOLTAGE RANGE 20-55V
--MAXIMUM OUTPUT CURRENT 1.0A
--SWITCHING FREQUENCY 500KHz

+5V Supply
0.25 AMP CAPABILITY

0.25 AMP CAPABILITY

7

11

11

6

BYPASSING

D2 PAK

D2 PAK

CALCULATED VALUE FOR 
Rfb1 IS ACTUALLY 8.8K
OHMS FOR EXACTLY 12V 
OUTPUT.

WAS P1 in Design, but P2 in Service Manual. 
FIXED TO REFLECT SERVICE MANUAL.
CHANGE: P1 --> P2
CAH 04 AUG 2016

WAS P2 in Design, but P1 in Service Manual. 
FIXED TO REFLECT SERVICE MANUAL.
CHANGE: P2 --> P1
CAH 04 AUG 2016

+5V

V_BATT

+3.3V
+3.3V

+12V
V_BATT

+12V

+5V
+12V

+5V

+3.3V

+12V
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GRM188R61E105KA12D

C27

C104
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0.1uF
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+ C179

1000uF
50V
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C78
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0.1uF
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Put TP close to 
resistor

Current Sense 50mV/Amp

Retriggerable One Shot w/ Reset
One Shot is powered by 5V instead of 3.3V to get a quicker response to the reset pin
- 54ns instead of 270ns.  This translates to improved short circuit protection.

This circuit has about
25mV of hysteresis
(+-12.5mV) in it.

Overcurrent Comparator

Any pull up on the
inputs  must be <25k,
according to HIP4082
TB406.  See "Design
Choices" folder for the
full text.

Mosfet Driver And Half Bridge

Changelog
(visible in digital form):

load is pulled high in
case of overcurrent or
timeout. - other side of
load MUST be connected to
vBatt.

100pF capacitors are because of a flaw in the
GPIO outputs that can cause them to go tri-
state if temperature is >85C and edge rate is too
high.  Delete these if TI fixes the problem.

RC = 10uS
+/-20%

For a 50kOhm Rdel
{minDeadtime, typDeadtime, maxDeadtime} = 
{1us , 2.5us, 4.25us} 
at Tj=25C.

Cha n g e  L o g :
Rev B :
- Added Ground Tes t  P o i n t
- Powered Opamp w/ 12V instead of 5V to increase common mode in p u t  r a n g e .
- Added 200Ohm resistor and diode protection to output of peak detect circuits, to protect  t h e  m i c r o  f r o m  a  p o s s i b l e
12V  s i g n a l .
- Added 100k pull down to desiredPWMActive to d e f a u l t  t o  o f f .
- Adjusted Mosfet Driver circuit with new resistor a n d  c a p a c i t o r  v a l u e s ,  d e t e r m i n e d  e x p e r i m e n t a l l y .
- Reversed Pin Numbers on Diodes used in the peak detect circuit and the voltage clamp on t h a t  c i r c u i t ' s  o u t p u t .
- Changed shar e d E n a b l e _  t o  s h a r e d E n a b l e 5 v L o g i c _  
- Changed QPL Number (And MPN, Manufacturer, and Value) on all Q19024-005 parts to Q 1 9 0 2 4 - 0 0 2 ,  t o  m a t c h  t h e  i n c o r r e c t
footprint that ended u p  b e i n g  u s e d .
Rev C :
- Changed shunt resistor from one BVS-A-R001-1.0 to two CSNL 2 5 1 2 F T 1 L 0 0 C T - N D  2 W  t o  p r e v e n t  p a r a c i t i c - i n d u c t a n c e  c a u s e d
overshoot of the amplifier response .  S e e  c o m m e n t  o n  s c h e m a t i c .
Rev D :
- Added bias circuitry to the current sense circuit to add a signal offset that allows us to read currents n e a r  0  a n d
set lower overcurren t  t h r e s h o l d s ,  i f  d e s i r e d .
- Removed unused extra pads for an R-C filter after the curren t  m e a s u r e  b l o c k .
- Changed net names to reflect the offsets.  O n e  e x a m p l e :  c u r r e n t M e a s u r e 2 . 8 V O f f s e t A n d 5 0 m V P e r A m p .
- Changed pullup on HI pin of HIP4082 from 100k to 10k to comply with an application note TB406.  See "Desig n  C h o i c e s "
folder for the ful l  t e x t .
- Removed pull down on DIS pin of HIP4082, in favor of a pull down (external to the block) on the input to the gate
that dri v e s  i t .
- Replaced .1uF bypass cap on the HIP4082 with a 1uF cap, as we are supplying 470nF with it.  10uF might make sens e ,
but to some degree we're relying on the bulk cap of the supply t o o .
- Replaced all 10uF caps with 25V versions.  The previous ones were only rated to 10V, which was ok when the  o p a m p s
were supplied with 5V, but not so good when supplied w i t h  1 2 V .
- Switched to a Homogeneous HIP4082 symbol to fix unintended pin number changi n g  b e h a v i o r  d u r i n g  a n  a n n o t a t i o n  ( n o t e :
don't copy and paste these symbols. Place the desird half (A or B) from the library fo r  c o r r e c t  b e h a v i o r ) .
- Added "Partial Offset Subtraction" circuitry to remove the extra offset that the c o m p a r i t o r  n e e d s  t o  b r i n g  t h e  r a n g e
back into the micro's A / D  r a n g e .
- Made the value property of the 74HC423D oneshot chip visible (it shou l d  h a v e  b e e n  b e f o r e ) .
- Added filter RC to comparitor threshold input.  Paracitic capacitance from the input of the dr i v i n g  o p a m p  l e t s  u p  t o
50mV of some of the highest frequencies through the 2nd order filter that drives this.  2:  To sh o r t - c i r u i t  a n y
additional noise picked up from the board and provide a smooth threshold. - Updated schema t i c  d a t a b a s e  f o r  u s e  w i t h  a n
all e g r o  l a y o u t
- Removed illegal characters ‘/’ and ‘.’ f r o m  f o o t p r i n t s  n a m e s
- Added pin numbers to schematic capacitor and res i s t o r  s y m b o l s  w h e n  m i s s i n g
- Change one-shot timing resistors from 14k t o  2 7 . 4 K  ( Q P L #  Q 1 0 0 1 5 - 3 3 1 )
- Added series 121 ohm resistors for impr o v e d  t e s t  c o v e r a g e  
- Mark Shoemaker's Monte Carlo simulation found that we had on the order of 5A of slop in our ov e r c u r r e n t  t h r e s h o l d .  
This is more than we'd  like, so good catch Mark!  Moved the bias circuitry in the Current Sense block so it uses the
same supply as the threshold voltage is set with (12V) so we have one less source of variance (they can both go up  a n d
down together now).  Required a change to Ra, Rb, and Rd in the Current Sense Block as we l l .
- Updated comment in one-shot to reflect the new timing value "On time is 1.23ms..." instead of " O n  t i m e  i s  6 3 0 u s . . . "
- Added "(Rparacitic)" to provide a signal that it should be t a k e n  i n t o  a c c o u n t .
REV E :
- Updated Vcc for current refere n c e  t o  L P 2 9 8 0
- Made pulse width more precise, fixed it at 650uS using R=143K, C= . 0 1 u F  C O G  5 % .
- Removed peak hold on curre n t  m o n i t o r .
REV F--Pulldowns added to disable drive w h e n  m i c r o  i s  u n i n i t i a l i z e d .
--Clamps added to limit the possible range of  s e t t a b l e  c u r r e n t  l i m i t s .
--5V precision reference used to produce off s e t  v o l t a g e  a n d  r e f e r e n c e  v o l t a g e .
--Parts juggled to make design completely stand-alone and use all po s s i b l e  s p a r e  s e c t i o n s  i n s i d e  t h e  d e s i g n .
--Reset inputs added to hold everyth i n g  o f f  d u r i n g  r e s e t .
REV G :
--Delete special gate driv e  a n d  o u t p u t  i n d u c t o r s .
--Combine unused sections with other motor dri v e r  a s  a  c o s t  s a v i n g s .
--Added ramp amplifier to use for exper i m e n t i n g  w i t h  s l o p e  c o m p e n s a t i o n .
--Eliminate extra 2.5V offset. and subtractor  Change LM319 comparator t o  L M V 3 3 1 .  C h a n g e  v o l t a g e  r e f e r e n c e  t o  T P S 7 3 1 0 1 .

TIMEOUT IS 650uS

Bias circuitry lifts the 0A 
condition up to 0.35V, to  allow
us to read 0Amp conditions.

.35V OFFSET PLUS
50mV PER AMP.

60V  120A  3mOHM

SCRUB MOTOR 1
HALF BRIDGE

1.2V

2.29V
$.37
+/-1% MAX

DNI

Current-sense resistor routing
must be handled thusly:

Route to center of pad.
Do not change layers.

R103

R97

R96

LINE WIDTH
500 MILS.

LINE WIDTH
500 MILS.

LINE WIDTH
500 MILS.

SCRUB_MOTOR_1_LOW

DISABLE_SCRUB\

GND

V_BATT

+12V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

SCRUB_MOTOR_1_LOW 2

RESET_DRIVERS/2,3,5,6,7

MOTORS_ENBL2,6,7

SCRUB_MOTOR_SPEED2,7

DISABLE_SCRUB1 7

SCRUB_DR_DELAY7

SCRUB_1_CURRENT_FB 2

RESET_DRIVERS/2,3,5,6,7

SCRUB_1_STATUS 2

SCRUB_OVERCURRENT_THRES 7
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+
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C89
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-
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1
4

5

2

3

C30 0.1uF
R23 100K

C53
1uF
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TP10
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100K
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1

2
3
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7
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5
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A
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2
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3

V
C

C
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N

D
8

Q
13

Q
4
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15

R98 4.99K

R108

2m

Q2
IRFS3206

R53
10K

C79

0.1uF

C7
0.01uF
5% COG

C52 0.1uF

R43 100K

TP17

R40
49.9K

TP40

R56
10K
1%

C59
1uF

R95 1K

TP24

TP33

R4
143K
1%

U5C

SN74HCT08D

9

10
8

14

7

+C8
100pF

TP11

TP2

R135
1.8

C176
0.033uF

TP60

R73 249K
1%

TP12

TP47
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BUFFER WON'T DRIVE >5.0V; NO NEED FOR CLAMP.
MAXIMUM DRIFT HERE IS 15mV FROM AMP 1
AND 0.5mV FROM AMP 2 -->62mA READ.

overcurrentThresholdSet
0.35VOffset
And250mVPerAmp

0.35V OFFSET PLUS
250mV PER AMP.

B e h a v i o r :
F I L T _ A C T U A T O R _ C U R _ R E F = 1 0 V * d u t y C y c l e
wi t h  d u t y C y c l e  b e t w e e n  0  a n d  1

2nd Order Low Pass
Filter w/ G=2 and 1kHz cutoff
(to be used w/ 33kHz PWM)

T h i s  i s  a  s e c o n d - o r d e r  L o w  P a s s  F i l t e r ,  w i t h  a  n o m i n a l  c u t o f f  f r e q u e n c y  o f  f c = 1 k H z .

T h e  t r a n s f e r  f u n c t i o n  o f  t h i s  c i r c u i t  i s :
H ( f ) = ( 2 * p i * f _ 0 ) ^ 2 / ( ( 2 * p i * i * f ) ^ 2 + ( 2 * p i * f _ 0 / q ) * ( 2 * p i * i * f ) + ( 2 * p i * f _ 0 ) ^ 2

w h e r e :
f _ 0  =  1 / ( 2 * p i * s q r t ( R a * R b * C a * C b ) )  =  1 0 0 0
q  =  s q r t ( R a * R b * C a * C b ) / ( C b * ( R a + R b ) )  =  1 / s q r t ( 2 )  ( f o r  a  B u t t e r w o r t h  F i l t e r )

S e e  p a g e  2  o f  A n d y  D o u c e t t e ' s  n o t e b o o k  D 4  f o r  t h e  c i r c u i t  a n a l y s i s  a n d  d e r r i v a t i o n .

I n p u t s :  v I n  -  t h e  i n p u t  v o l t a g e .   0 - v P o w e r  r a n g e  a c c e p t a b l e .   S h o u l d  b e  a  s o u r c e  o f  i m p e d a n c e  < <  1 1 . 3 k .

v P o w e r  -  a  3 - 1 5 . 5 V  i n p u t  v o l t a g e  t o  p o w e r  t h e  o p a m p .

O u t p u t s :
v O u t  -  t h e  o u t p u t  f i l t e r e d  v o l t a g e ,  w i t h  a n  a b s o l u t e  c u r r e n t  m a x i m u m  o f  + - 3 0 m A .   C a n  g o  u p  t o  8 5 %  o f  v P o w e r   u n d e r  a
h e a v i e r  l o a d  ( 1 . 2 k  t o  G N D )  a n d  u p  t o  9 6 %  o f  
v P o w e r  u n d e r  a  l i g h e r  l o a d  ( 4 k  t o  G N D ) .   M i n  v o l t a g e  i s  4 0 m V  o r  s o .

R e f e r e n c e :  h t t p : / / e n . w i k i p e d i a . o r g / w i k i / S a l l e n % E 2 % 8 0 % 9 3 K e y _ t o p o l o g y

Cb (both in parallel)

Ca

Changelog
(visible in digital form):

Bias circuitry lifts the 0A 
condition up to 0.35V, to  allow
us to read 0Amp conditions, and
to keep the levels within the
comparator's input range.    

R E V  G :  - -  C h a n g e  c o m p a r a t o r  t o  L M V 3 3 1 .   L M 3 1 9  s l i g h t  e x t r a  s p e e d  i s  i n c o n s e q u e n t i a l .

Amplifier

Note:  Two Driver
Blocks must be the
two halves of one
chip, otherwise
this second block
won't have a delay
set for it.

Current Sense 250mV/Amp

This circuit has
about 25mV of
hysteresis (+-12.5mV)
in it.

Overcurrent Comparator

TIMEOUT IS
650uS

TIMEOUT IS 650uS

On time is 630us, nominal, >500us worst case.
Retriggerable One Shot w/ Reset

One Shot is powered by 5V instead of 3.3V to get a quicker response to the reset pin
- 54ns instead of 270ns.  This translates to improved short circuit protection.
This one-shot doesn't have a pspice model, so I use the block below for pspice to
simulate the same behavior.

For a 50kOhm Rdel
{minDeadtime, typDeadtime, maxDeadtime} = 
{1us , 2.5us, 4.25us} 
at Tj=25C.

Any pull up on the
inputs  must be <25k,
according to HIP408 2
TB406.  See "Design
Choices" folder for the
full text.

Any pull up on the
inputs  must be <25k,
according to HIP408 2
TB406.  See "Design
Choices" folder for the
full text.

ACTUATOR FULL BRIDGE DRIVE

Rb
Ra

R e v  B :
-  A d d e d  G r o u n d  T e s t  P o i n t
- Powere d  O p a m p  w /  1 2 V  i n s t e a d  o f  5 V  t o  i n c r e a s e  c o m m o n  m o d e  i n p u t  r a n g e .
- Add e d  2 0 0 O h m  r e s i s t o r  a n d  d i o d e  p r o t e c t i o n  t o  o u t p u t  o f  p e a k  d e t e c t  c i r c u i t s ,  t o  p r o t e c t  t h e  m i c r o  f r o m  a  p o s s i b l e  1 2 V
s i g n a l .
- A d d e d  1 0 0 k  p u l l  d o w n  t o  d e s i r e d P W M A c t i v e  t o  d e f a u l t  t o  o f f .
- C h a n g e d  M O S F E T  d r i v i n g  s t r u c t u r e  t o  a  s i m p l e  R - C  o n e .
-  R e n a m e d  c u r r e n t M e a s u r e 2 5 0 m V P e r A m p A  t o  c u r r e n t M e a s u r e 2 5 0 m V P e r A m p .
- Rever s e d  P i n  N u m b e r s  o n  D i o d e s  u s e d  i n  t h e  p e a k  d e t e c t  c i r c u i t  a n d  t h e  v o l t a g e  c l a m p  o n  t h a t  c i r c u i t ' s  o u t p u t .
-  C h a n g e d  s h a r e d E n a b l e _  t o  e n a b l e 5 v L o g i c _  ( t o  r e f l e c t  t h a t  i t ' s  n o t  s h a r e d  w i t h  e x t e r n a l  t h i n g s  l i k e  i n  t h e  h a l f  b r i d g e )
-  C h a n g e d  Q P L  N u m b e r  ( A n d  M P N ,  M a n u f a c t u r e r ,  a n d  V a l u e )  o n  a l l  Q 1 9 0 2 4 - 0 0 5  p a r t s  t o  Q 1 9 0 2 4 - 0 0 2 ,  t o  m a t c h  t h e  i n c o r r e c t
f o o t p r i n t  t h a t  e n d e d  u p  b e i n g  u s e d .
Re v  C :  N / A .
- We chose to skip Re v  C  o f  t h e  H  B r i d g e ,  s o  w e  c a n  k e e p  t h e  b o a r d  R e v ' s  a n d  M o d u l e  R e v ' s  m a t c h e d  u p  f o r  n o w .
R e v  D :
- Added bias circuitry  t o  t h e  c u r r e n t  s e n s e  c i r c u i t  t o  a d d  a  s i g n a l  o f f s e t  t h a t  a l l o w s  u s  t o  r e a d  c u r r e n t s  n e a r  0  a n d  s e t
l o w e r  o v e r c u r r e n t  t h r e s h o l d s ,  i f  d e s i r e d .
- Re m o v e d  u n u s e d  e x t r a  p a d s  f o r  a n  R - C  f i l t e r  a f t e r  t h e  c u r r e n t  m e a s u r e  b l o c k .
-  C h a n g e d  n e t  n a m e s  t o  r e f l e c t  t h e  o f f s e t s .   O n e  e x a m p l e :  c u r r e n t M e a s u r e 2 . 8 V O f f s e t A n d 5 0 m V P e r A m p .
- Changed pullup on  H I  p i n  o f  H I P 4 0 8 2  f r o m  1 0 0 k  t o  1 0 k  t o  c o m p l y  w i t h  a n  a p p l i c a t i o n  n o t e  T B 4 0 6 .   S e e  " D e s i g n  C h o i c e s "
f o l d e r  f o r  t h e  f u l l  t e x t .
- Removed pu l l  d o w n  o n  D I S  p i n  o f  H I P 4 0 8 2 ,  i n  f a v o r  o f  a  p u l l  d o w n  ( e x t e r n a l  t o  t h e  b l o c k )  o n  t h e  i n p u t  t o  t h e  g a t e  t h a t
d r i v e s  i t .
- Repl a c e d  . 1 u F  b y p a s s  c a p  o n  t h e  H I P 4 0 8 2  w i t h  a  1 u F  c a p ,  a s  w e  a r e  s u p p l y i n g  4 7 0 n F  w i t h  i t .   1 0 u F  m i g h t  m a k e  s e n s e ,  b u t
to some degr e e  w e ' r e  r e l y i n g  o n  t h e  b u l k  c a p  o f  t h e  s u p p l y  t o o .
- Replaced all 10uF cap s  w i t h  2 5 V  v e r s i o n s .   T h e  p r e v i o u s  o n e s  w e r e  o n l y  r a t e d  t o  1 0 V ,  w h i c h  w a s  o k  w h e n  t h e  o p a m p s  w e r e
suppli e d  w i t h  5 V ,  b u t  n o t  s o  g o o d  w h e n  s u p p l i e d  w i t h  1 2 V .
-  S w i t c h e d  t o  a  H o m o g e n e o u s  H I P 4 0 8 2  s y m b o l  t o  f i x  u n i n t e n d e d  p i n  n u m b e r  c h a n g i n g  b e h a v i o r  d u r i n g  a n  a n n o t a t i o n  ( n o t e :
don't c o p y  a n d  p a s t e  t h e s e  s y m b o l s .  P l a c e  t h e  d e s i r d  h a l f  ( A  o r  B )  f r o m  t h e  l i b r a r y  f o r  c o r r e c t  b e h a v i o r ) .
-  A d d e d  " P a r t i a l  O f f s e t  S u b t r a c t i o n "  c i r c u i t r y  t o  r e m o v e  t h e  e x t r a  o f f s e t  t h a t  t h e  c o m p a r i t o r  n e e d s  t o  b r i n g  t h e  r a n g e
b a c k  i n t o  t h e  m i c r o ' s  A / D  r a n g e .
- M a d e  t h e  v a l u e  p r o p e r t y  o f  t h e  7 4 H C 4 2 3 D  o n e s h o t  c h i p  v i s i b l e  ( i t  s h o u l d  h a v e  b e e n  b e f o r e ) .
- Added  f i l t e r  R C  t o  c o m p a r i t o r  t h r e s h o l d  i n p u t .   P a r a c i t i c  c a p a c i t a n c e  f r o m  t h e  i n p u t  o f  t h e  d r i v i n g  o p a m p  l e t s  u p  t o
50mV of s o m e  o f  t h e  h i g h e s t  f r e q u e n c i e s  t h r o u g h  t h e  2 n d  o r d e r  f i l t e r  t h a t  d r i v e s  t h i s .   2 :   T o  s h o r t - c i r u i t  a n y  a d d i t i o n a l
noi s e  p i c k e d  u p  f r o m  t h e  b o a r d  a n d  p r o v i d e  a  s m o o t h  t h r e s h o l d .  -  U p d a t e d  s c h e m a t i c  d a t a b a s e  f o r  u s e  w i t h  a n  a l l e g r o  l a y o u t
-  R e m o v e d  i l l e g a l  c h a r a c t e r s  ‘ / ’  a n d  ‘ . ’  F r o m  f o o t p r i n t s  n a m e s
-  A d d e d  p i n  n u m b e r s  t o  s c h e m a t i c  c a p a c i t o r  a n d  r e s i s t o r  s y m b o l s  w h e n  m i s s i n g
-  A d d e d  s e r i e s  1 2 1  o h m  r e s i s t o r s  f o r  i m p r o v e d  t e s t  c o v e r a g e
-  C h a n g e  o n e - s h o t  t i m i n g  r e s i s t o r s  f r o m  1 4 k  t o  2 7 . 4 K  ( Q P L # :  Q 1 0 0 1 5 - 3 3 1 )
- Mark Shoemake r ' s  M o n t e  C a r l o  s i m u l a t i o n  f o u n d  t h a t  w e  h a d  o n  t h e  o r d e r  o f  5 A  o f  s l o p  i n  o u r  o v e r c u r r e n t  t h r e s h o l d  o n  t h e
Half  B r i d g e .   T h i s  i s  m o r e  t h a n  w e ' d  l i k e ,  s o  g o o d  c a t c h  M a r k !   M o v e d  t h e  b i a s  c i r c u i t r y  i n  t h e  C u r r e n t  S e n s e  b l o c k  s o  i t
uses the same supply as  t h e  t h r e s h o l d  v o l t a g e  i s  s e t  w i t h  ( 1 2 V )  s o  w e  h a v e  o n e  l e s s  s o u r c e  o f  v a r i a n c e  ( t h e y  c a n  b o t h  g o
up and dow n  t o g e t h e r  n o w ) .   R e q u i r e d  a  c h a n g e  t o  R a ,  R b ,  a n d  R d  ( i n  C u r r e n t  S e n s e  b l o c k )  a s  w e l l .   C h a n g e d  t h e  H  b r i d g e  t o
stay  i n  s y n c  w i t h  t h e  H a l f  B r i d g e .
- Chan g e d  c u r r e n t  m o n i t o r  o u t p u t  c i r c u i t  f r o m  a  p e a k  d e t e c t o r  t o  a  b u f f e r  a m p l i f i e r  w i t h  a  s m a l l  R C  f i l t e r .
R E V  F R E V  F - - C O G  c a p a c i t o r s  w e r e  u s e d  i n  t i m e o u t  p r o t e c t i o n  c i r c u i t s  f o r  b e t t e r  a c c u r a c y  o v e r  t e m p e r a t u r e .
- - P u l l d o w n s  a d d e d  t o  d i s a b l e  d r i v e  w h e n  m i c r o  i s  u n i n i t i a l i z e d .
- - C l a m p s  a d d e d  t o  l i m i t  t h e  p o s s i b l e  r a n g e  o f  s e t t a b l e  c u r r e n t  l i m i t s .
- - 5 V  p r e c i s i o n  r e f e r e n c e  u s e d  t o  p r o d u c e  o f f s e t  v o l t a g e  a n d  r e f e r e n c e  v o l t a g e .
- - P a r t s  j u g g l e d  t o  m a k e  d e s i g n  c o m p l e t e l y  s t a n d - a l o n e  a n d  u s e  a l l  p o s s i b l e  s p a r e  s e c t i o n s  i n s i d e  t h e  d e s i g n .
- - R e s e t  i n p u t s  a d d e d  t o  h o l d  e v e r y t h i n g  o f f  d u r i n g  r e s e t .
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100pF capacitors are because of a flaw in the
GPIO outputs that can cause them to go tri-
state if temperature is >85C and edge rate is too
high.  Delete these if TI fixes the problem.

TIMEOUT IS 650uS

60V  120A  3mOHM

SCRUB MOTOR 2
HALF BRIDGE

$2.00

Retriggerable One Shot w/ Reset
One Shot is powered by 5V instead of 3.3V to get a quicker response to the reset pin
- 54ns instead of 270ns.  This translates to improved short circuit protection.

Any pull up on the
inputs  must be <25k,
according to HIP4082
TB406.  See "Design
Choices" folder for the
full text.

Mosfet Driver And Half Bridge

load is pulled high in
case of overcurrent or
timeout. - other side of
load MUST be connected to
vBatt.

Changelog
(visible in digital form):

Put TP close to 
resistor

Current Sense 50mV/Amp

This circuit has about
25mV of hysteresis
(+-12.5mV) in it.

Overcurrent Comparator

RC = 10uS
+/-20%

Bias circuitry lifts the 0A 
condition up to 0.35V, to  allow
us to read 0Amp conditions.

.35V OFFSET PLUS
50mV PER AMP.

2.29V

DNI

Cha n g e  L o g :
Rev B :
- Added Ground Tes t  P o i n t
- Powered Opamp w/ 12V instead of 5V to increase common mode in p u t  r a n g e .
- Added 200Ohm resistor and diode protection to output of peak detect circuits, to protect  t h e  m i c r o  f r o m  a  p o s s i b l e
12V  s i g n a l .
- Added 100k pull down to desiredPWMActive to d e f a u l t  t o  o f f .
- Adjusted Mosfet Driver circuit with new resistor a n d  c a p a c i t o r  v a l u e s ,  d e t e r m i n e d  e x p e r i m e n t a l l y .
- Reversed Pin Numbers on Diodes used in the peak detect circuit and the voltage clamp on t h a t  c i r c u i t ' s  o u t p u t .
- Changed shar e d E n a b l e _  t o  s h a r e d E n a b l e 5 v L o g i c _  
- Changed QPL Number (And MPN, Manufacturer, and Value) on all Q19024-005 parts to Q 1 9 0 2 4 - 0 0 2 ,  t o  m a t c h  t h e  i n c o r r e c t
footprint that ended u p  b e i n g  u s e d .
Rev C :
- Changed shunt resistor from one BVS-A-R001-1.0 to two CSNL 2 5 1 2 F T 1 L 0 0 C T - N D  2 W  t o  p r e v e n t  p a r a c i t i c - i n d u c t a n c e  c a u s e d
overshoot of the amplifier response .  S e e  c o m m e n t  o n  s c h e m a t i c .
Rev D :
- Added bias circuitry to the current sense circuit to add a signal offset that allows us to read currents n e a r  0  a n d
set lower overcurren t  t h r e s h o l d s ,  i f  d e s i r e d .
- Removed unused extra pads for an R-C filter after the curren t  m e a s u r e  b l o c k .
- Changed net names to reflect the offsets.  O n e  e x a m p l e :  c u r r e n t M e a s u r e 2 . 8 V O f f s e t A n d 5 0 m V P e r A m p .
- Changed pullup on HI pin of HIP4082 from 100k to 10k to comply with an application note TB406.  See "Desig n  C h o i c e s "
folder for the ful l  t e x t .
- Removed pull down on DIS pin of HIP4082, in favor of a pull down (external to the block) on the input to the gate
that dri v e s  i t .
- Replaced .1uF bypass cap on the HIP4082 with a 1uF cap, as we are supplying 470nF with it.  10uF might make sens e ,
but to some degree we're relying on the bulk cap of the supply t o o .
- Replaced all 10uF caps with 25V versions.  The previous ones were only rated to 10V, which was ok when the  o p a m p s
were supplied with 5V, but not so good when supplied w i t h  1 2 V .
- Switched to a Homogeneous HIP4082 symbol to fix unintended pin number changi n g  b e h a v i o r  d u r i n g  a n  a n n o t a t i o n  ( n o t e :
don't copy and paste these symbols. Place the desird half (A or B) from the library fo r  c o r r e c t  b e h a v i o r ) .
- Added "Partial Offset Subtraction" circuitry to remove the extra offset that the c o m p a r i t o r  n e e d s  t o  b r i n g  t h e  r a n g e
back into the micro's A / D  r a n g e .
- Made the value property of the 74HC423D oneshot chip visible (it shou l d  h a v e  b e e n  b e f o r e ) .
- Added filter RC to comparitor threshold input.  Paracitic capacitance from the input of the dr i v i n g  o p a m p  l e t s  u p  t o
50mV of some of the highest frequencies through the 2nd order filter that drives this.  2:  To sh o r t - c i r u i t  a n y
additional noise picked up from the board and provide a smooth threshold. - Updated schema t i c  d a t a b a s e  f o r  u s e  w i t h  a n
all e g r o  l a y o u t
- Removed illegal characters ‘/’ and ‘.’ f r o m  f o o t p r i n t s  n a m e s
- Added pin numbers to schematic capacitor and res i s t o r  s y m b o l s  w h e n  m i s s i n g
- Change one-shot timing resistors from 14k t o  2 7 . 4 K  ( Q P L #  Q 1 0 0 1 5 - 3 3 1 )
- Added series 121 ohm resistors for impr o v e d  t e s t  c o v e r a g e  
- Mark Shoemaker's Monte Carlo simulation found that we had on the order of 5A of slop in our ov e r c u r r e n t  t h r e s h o l d .  
This is more than we'd  like, so good catch Mark!  Moved the bias circuitry in the Current Sense block so it uses the
same supply as the threshold voltage is set with (12V) so we have one less source of variance (they can both go up  a n d
down together now).  Required a change to Ra, Rb, and Rd in the Current Sense Block as we l l .
- Updated comment in one-shot to reflect the new timing value "On time is 1.23ms..." instead of " O n  t i m e  i s  6 3 0 u s . . . "
- Added "(Rparacitic)" to provide a signal that it should be t a k e n  i n t o  a c c o u n t .
REV E :
- Updated Vcc for current refere n c e  t o  L P 2 9 8 0
- Made pulse width more precise, fixed it at 650uS using R=143K, C= . 0 1 u F  C O G  5 % .
- Removed peak hold on curre n t  m o n i t o r .
REV F--Pulldowns added to disable drive w h e n  m i c r o  i s  u n i n i t i a l i z e d .
--Clamps added to limit the possible range of  s e t t a b l e  c u r r e n t  l i m i t s .
--5V precision reference used to produce off s e t  v o l t a g e  a n d  r e f e r e n c e  v o l t a g e .
--Parts juggled to make design completely stand-alone and use all po s s i b l e  s p a r e  s e c t i o n s  i n s i d e  t h e  d e s i g n .
--Reset inputs added to hold everyth i n g  o f f  d u r i n g  r e s e t .
REV G :
--Delete special gate driv e  a n d  o u t p u t  i n d u c t o r s .
--Combine unused sections with other motor dri v e r  a s  a  c o s t  s a v i n g s .
--Added ramp amplifier to use for exper i m e n t i n g  w i t h  s l o p e  c o m p e n s a t i o n .
--Eliminate extra 2.5V offset. and subtractor  Change LM319 comparator t o  L M V 3 3 1 .  C h a n g e  v o l t a g e  r e f e r e n c e  t o  T P S 7 3 1 0 1 .

Current-sense
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See page 5.
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