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5A DC ECH2O MODULE BOARD
      DROP-IN REPLACEMENT FOR 1215294

Changelog:

Rev A:
-- Initial Release.
-- Design is a melding of T300 EC water boards and DC driver circuit.
-- PCB Q25079-001
-- Mule board.

REFERENCE PART NUMBERS:
     ASSEMBLY     1239243

Rev B:
-- HARDWARE REV BITS SET TO 5.
-- ADD RTC BACK IN.
-- PCB Q25079-002.
-- ELIMINATE SECOND WCM PUMP
-- CONNECTOR PINOUTS CHANGED TO BE 100% COMPATIBLE WITH CHIMNEY SWIFT.
-- CHANGE CONNECTORS BACK TO AMP.  MOLEX COMPATIBLE BUT NO MOUNTING TAB.
-- ADD LEGACY MODE BACK IN FOR T5: ENABLE AND MODE INPUTS AND EXTERNAL LED DRIVERS ON CAN LINES.
-- CONNECT PH1 TO PWM INPUT.
-- REVISED COMPONENT VALUES ON CELL DRIVER.
-- DUAL CURRENT AMPLIFIERS TO CAPTURE CURRENT WHEN RECIRCULATING.
-- P1 BOARD.

--NO VALVES TO DRIVE.

--BOARD OUTLINE SAME AS OLD CHIMNEY SWIFT BOARD.

ASSUMPTIONS:

--CONNECTORS COMPATIBLE WITH OLD BOARD.

--UP TO 5A AVERAGE CURRENT CAPABILITY,  PROGRAMMABLE.

--DROP-IN REPLACEMENT FOR CHIMNEY SWIFT BOARD.

Rev C:
-- Production Release.
-- Change FET drive C113,C97,C128,C79 values.
-- Change snubber R123,R61,C132,C65 values.
-- Change R2 value, was 121 Ohm.
-- PCB Q25079-002
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FLASH

TIMER INPUT PIN.

JTAG
27 Ohm resistors are from the evaluation board design
http://www.luminarymicro.com/products/dk-lm3s9b96.html

Pin 7 - JTAG_RTCK
NO CONNECT

DNI

GREEN
HEARTBEATYELLOW

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

PULL DOWN TO ENABLE

CAN INTERFACE

FLASH 256KB
SRAM 32KB

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

DEBUG PORT

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

SERIAL DEBUG PORT

NOT POPULATED

440uA max in

VREFA+ RANGE 2.4V to VDDA.

VREFA- RANGE 0V to 0.3V.

1 25

26

50

5175

76

100

TQFP100

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

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

BOARD REVISION BIT DECODER:
BIT        3   2    1    0
REV 0-4    X    X    X    X     OLD CHIMNEY SWIFT
REV 5      0    1    0    1     DC CHIMNEY SWIFT
REV 6      0    1    1    0     TBD BOARD
REV 7      0    1    1    1

DNI

5V TOLERANT INPUTS EXCEPT PB0, PB1

A/D IS 12 BITS (MAX COUNT 4095)

CORE VOLTAGE
=1.2V+-10%

VDDA RANGE 2.97V to 3.63V.

NARROW / WIDE 
footprints.

Narrow Footprint

FLASH

ONLY CHARGES BATTERY
WHEN MACHINE IS
RUNNING.
ONLY USES BATTERY
WHEN MAIN BATTERY IS
DICONNECTED.

CONTROL IC POWER CONSUMPTION 500nA
 OVER TEMP RANGE.

RTC IC POWER CONSUMPTION 330nA
OVER TEMP RANGE.

RTC

CHIP BONDING PAD IS NC

POWER FAIL
OUTPUT TRIPS
AT 3.01V

MODE PIN PULLED TO V_BATT 
TO SELECT LEGACY MODE (T5).
"OPERATIONAL REFERENCE" SAYS OPPOSITE. ASSUMED WRONG.
T5 MACHINE SCHEMATIC HAS MODE PULLED UP.

3.0V VOLTAGE REF CHANGED.
COST change from $.83 to $.43

DNI

RC=0.37mS

HSIN BLOCK

DIODE 70V 215mA
LEAKAGE 80nA MAX @ 70V
80nA X 100K = 0.008V

uP valid low input is up to 1.3V
uP valid high input is 2.4V and over

BLOCKING DIODE 

Micro pin to be open Drain.
A high output will leave 5V at 
the Silent pin of the CAN 
communication chip. This chip 
will go high impedance but 
will still maintain it's ESD 
protection. We can now use these 
pins for LED control.
A Low will enable the CAN chip to 
send/receive messages.

PINOUT FIXED.
CHECK FOOTPRINT!!!

PINOUT FIXED.
CHECK FOOTPRINT!!!

3

SOT23
PINOUT

1 2

1.2V

0.1% resistors are $0.05 each.

BOARD REVISION BIT 3

DNI

USE ONLY 5V LEVEL CABLE

+5V

+3.3V

+3.3V +3.3V +3.3V

+5V

+3.3V

+5V

+5V

+3.3V

+3.3V

+3.3V
+3.3V

+3.3V

+5V

+3.3V

+5V

+3.3V

+3.3V

+3.3V

+3.3V

+5V

+5V

+5V
+3.3V

+5V

+5V

+5V

+5V

+5V

+3.3V

PRESSURE_SW 2

WATER_PUMP_PWM 2
CELL_ENABLE 5
CELL_CURRENT_DIRECTION 5

CELL_CURRENT_MONITOR2,5

WATER_PUMP_STATUS2
PRESSURE_SW2

PPUMP_ENBL 2

CELL_PWM_MONITOR 5

JTAG_RESET_IN 2

JTAG_TMS 2
JTAG_TCK 2

JTAG_TDI 2
JTAG_TDO 2

JTAG_TDO2

JTAG_TCK2
JTAG_TMS2
JTAG_TDI2

CAN_H 2
CAN_L 2

PRESSURE_SWITCH2

WATER_PUMP_CURRENT_FB2

I2C0_SCL 5
I2C0_SDA 5

SCALED_CELL_CURRENT_MONITOR5

~RESET_DRIVERS 2,5

CONFIG_DETECT_IN2 CONFIG_DETECT 2

ENABLE2

V_BATT_SENSE2

RTC_SSI3FSS2

RTC_SSI3CLK2
RTC_SSI3TX2
RTC_SSI3RX2

JTAG_RESET_IN 2

PPUMP_CURRENT_FB2

CELL_A_VOLTAGE_SENSE5
CELL_B_VOLTAGE_SENSE5

RTC_SSI3CLK 2

RTC_SSI3TX 2

RTC_SSI3FSS 2
RTC_SSI3RX 2

RTC_INTERUPT 2

RTC_INTERUPT 2

DRIVER_TEMP 5

FLUSH_SWITCH2 FLUSH_SW 2

HIGH_LED_MICRO2 BUTTON_SENSE 2

MED_LED_MICRO2

LOW_LED_MICRO2

SYSTEM_STATUS_MICRO2

BUTTON_SENSE2

HIGH_LED_MICRO 2
MED_LED_MICRO 2
LOW_LED_MICRO 2
SYSTEM_STATUS_MICRO 2

MODE_SWITCH_INPUT2 MODE_SW_IN 2

MODE_SW_IN2

CONFIG_DETECT2

FLUSH_SW2

ENABLE_SIGNAL_IN2,4 ENABLE 2

EXT_LED_GRN2
EXT_LED_RED2

EXT_LED_GRN2 EXT_LED_RED2

3.0V_REF
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P PUMP DRIVER

EC WATER PUMP DRIVER

250 MIL WIDTH

6A
CURRENT
LIMIT

NON-INVERTING
GAIN =53
= 1 + R2/R1 2512

SIZE

60V  24mOhm max@Vgs=5V
$0.43   logic level

TIMEOUT IS 650uS

Spare Section

DNI

OPEN DRAIN

PUMP RATING 3V .12W.
      -->40mA

PPUMP Supply

NON-INVERTING
GAIN = 9.9
= 1 + R2/R1

20 mV
OFFSET

LMV321 INPUT OFFSET
VOLTAGE 9mV MAX.

0.765V

INDUCTOR MIN REQUIREMENT:
100uH, 0.5A
$0.52 @ 1K MOUSER

WEBENCH 4/4/2017
--INPUT RANGE 10V-42V NOMINAL 60V MAX
--200mA CAPABILITY.
--CURRENT LIMIT 1.2A TYP, 1.7A MAX.
--WEBENCH REDUCES CURRENT CAPABILITY TO
     KEEP AN ADEQUATE PHASE MARGIN FOR STABILITY.

SCALE FACTOR
10V/A.

$1.20 FROM TI.
DNI

offset tolerances:
    5V is 5%                  }
     4 resistors is 4%   } 10% total
     A/D ref is 1%         }
input offset voltage is 7mV max
offset can be (20mV+/-10%)+7mV = 29mV max
     29mV x 17.9 = 519mV --> 1.45A max offset

max power in R8 = 36 x .02 = 0.72W
20mV x 17.9 = 358mV offset
scaling = .358V/A = 2.79A/V
.358 / .358 = 1A offset
current limit = 6A

20 mV
OFFSET

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+3.3V

+5V

V_BATT

PPUMP-3

PPUMP_ENBL2

~RESET_DRIVERS2,5

WATER_PUMP_CURRENT_FB 2

V_BATT3,4,5 WATER_PUMP_LOAD 3

WATER_PUMP_STATUS 2

WATER_PUMP_PWM2

PPUMP+ 3

PPUMP_CURRENT_FB 2
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+3.3V Supply

RECOMMENDED CRAMP = L x .00001

disable

+12V Supply

+5V Supply
0.5 AMP LIMIT
0.14 AMP CAPABILITY
POWER DISSIPATION LIMITED.

BYPASSING

POWER SUPPLIES

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

POWER

16mm DIA
20mm TALL
32mOhm
2.0A ripple RMS
$.59 @ Digikey @ 1Kpcs

0.5 AMP LIMIT
0.11 AMP CAPABILITY
POWER DISSIPATION LIMITED.

BATTERY VOLTAGE MONITOR 36V
2.977V OUT = FULL SCALE OCCURS AT 52.2V IN. 
Theoretical MAX V (18 cells * 2.9V/cell = 52.2V)

LMV321 on Vcc=2.7V:
       input range 0-1.7V
       output swing 180mV to Vcc-100mV (worst)
       input offset 9mV max
LM321 on Vcc=5V:
       input range 0 to Vcc-1.5V
       output swing 20mV to Vcc-2V
       input offset 9mV max

DNI

OPTION IS FOR IF WE
HAVE ENABLE COMING FROM
KEYSWITCH AND VBATT
IS UNSWITCHED. THIS
SAVES BATTERY POWER.

REVISED DESIGN 12-08-2016 WEBENCH
SPECIFICATIONS:
--INPUT VOLTAGE RANGE 18-42V
--MAXIMUM OUTPUT CURRENT 1.5A
--SWITCHING FREQUENCY 299KHz

WEBENCH WANTED 1800pF, 27.4K.

pPUMP OUTPUT

CAN + / LEDA
CAN - / LEDB

GROUND TO BATTERY
GROUND TO BATTERY

LEGACY CONFIG DETECT
PUMP OUTPUT
PRESSURE SW. INPUT
MODE SWITCH INPUT

FROM BATTERY
FROM BATTERY

GROUND TO BATTERY

pPUMP SUPPLY

LED RETURN

CHIMNEY SWIFT COMPATIBLE

CELL A

FLUSH SWITCH GND

CELL B

FLUSH SWITCH

CELL B

CELL A

cost reduction
UA78M33CDCY 500mA $.18@1K SOT223
LM2937IMP-3.3 600mA $.68@1K SOT223 SAME PINOUT

SOT223

SOT223

THIS IS ON THE 1215294 BOARD.
IS IT ACTUALLY USED?

DNI

preferred due to height, use 2:
United Chemi Con EKZE500ELL221MJ16S
220uF 50V
10mm DIA
16mm TALL
42mOhm each
1.37A ripple RMS each
$.21 @ Digikey @ 1Kpcs

DNI

V_BATT

V_BATT
V_BATT

+3.3V

+3.3V +3.3V

+5V
+5V

+12V

+12V

+12V

+12V

V_BATT

+5V

V_BATT

V_BATT 3,4,5

V_BATT_SENSE 2

ENABLE_SIGNAL_IN2,4

CAN_H2
CAN_L2

ENABLE_SIGNAL_IN2,4

CONFIG_DETECT_IN2
WATER_PUMP_LOAD3

PRESSURE_SWITCH2

PPUMP+3
PPUMP-3

V_BATT3,4,5

MODE_SWITCH_INPUT2

FLUSH_SWITCH2
CELL_B5
CELL_A5

V_BATT 3,4,5
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SLOPE 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.

Affects turn-on delay only.
Turn-off delay is always fastest possible.
For a 15KOhm Rdel
{minDeadtime, typDeadtime, maxDeadtime} = 
{450ns , 800ns, 1.5us} 
at Tj=25C.

1V OVERCURRENT THRESHOLD

2.5V CONTROL THRESHOLD

DISSIPATED IN SHUNT:
10A --> 0.5W
14A --> 1.0W

55V  110A  8mOHM D2PAK
$.43 per Creation costed BOM

PRE-AMP

DNI

POPULATE TO TURN
ON E CELL DRIVER
FOR TESTING.

CELL VOLTAGE MONITOR
2.977V OUT = FULL SCALE OCCURS AT 52.2V IN. 

LMV321 on Vcc=2.7V:
       input range 0-1.7V
       output swing 180mV to Vcc-100mV (worst)
       input offset 9mV max
LM321 on Vcc=5V:
       input range 0 to Vcc-1.5V
       output swing 20mV to Vcc-2V
       input offset 9mV max

LMV321 on Vcc=2.7V:
       input range 0-1.7V
       output swing 180mV to Vcc-100mV (worst)
       input offset 9mV max
LM321 on Vcc=5V:
       input range 0 to Vcc-1.5V
       output swing 20mV to Vcc-2V
       input offset 9mV max

PLACE THERMAL SENSOR U30
UNDER HEAT SINK.

CROSSES FOR COILCRAFT:
PRECISION INC. LSM-28285-0330
XFMRS INC.  XFHCL2918H-330K 
WURTH ELECTRONIK MIDCOM 7443634700 47uH

DNI

CHECK .1% RESISTOR COST.

CURRENT LEVELS NEEDED PER THE CHIMNEY SWIFT PRS:
NUMBERS ARE OLD, SHOULD STOP AT 5A, GET NEW NUMBERS.AVG CURRENT:      EEPOT #:

3.0A
3.3A
3.6A
4.7A
4.8A
5.7A

OPA2727 SPECS:   $1 AT TI STORE
INPUT OFFSET 150uV MAX
BANDWIDTH 20MHZ
SUPPLY VOLTAGE 4V TO 12V
OUTPUT PULLS UP TO VCC-150mV WORST UNLOADED
OUTPUT PULLS DOWN TO 150mV WORST UNLOADED
COMMON MODE INPUT VOLTAGE RANGE GND TO VCC-2.5V
PIN COMPATIBLE WITH LM358

MAY WANT TO ADJUST RC.

64
66
68
3.0A
3.0A
3.0A

PRE-AMP

10K +/-20%
WIPER RES 85 OHMS TYP,
200 OHMS MAX.

EEPOT

AT LOWEST RESISTANCE SETTING:  GAIN = VERY HIGH  

PROGRAMMABLE
GAIN AMP

VERY LOW
  

PROGRAMMABLE AMPLIFIER GAINS:
   AT POWER UP = MID SCALE:
       TYP Rg= 5000 OHMS, Rf=5000 OHMS. GAIN = 2.0
   AT HIGHEST RESISTANCE SETTING:      GAIN = 1+Rf/Rg
       MIN Rg= 0 OHMS,  Rf=12000 OHMS. GAIN = 1.0
       TYP Rg= 85 OHMS, Rf=10000 OHMS. GAIN = 1.009
       MAX Rg= 200 OHMS, Rf=8000 OHMS. GAIN = 1.025

Rf

CURRENT LIMIT:
5.3A
  
10.5A
10.4A
10.3A

Rg

ADDRESS 0X7C

SCALING:  10A --> 0.95V

30K GIVES 150mV OUTPUT OFFSET.

EXTRA FETS ARE TO
NEGATE THE EFFECT
OF THE BODY
DIODE.

+5V

+12V

+12V
+12V

+5V

V_BATT V_BATT

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+3.3V

+5V

+5V

+5V

+5V +5V

+5V

+5V

+5V

+3.3V

V_BATT 3,4,5

CELL_CURRENT_DIRECTION5

CELL_ENABLE5

CELL_B 5

CELL_PWM_MONITOR 5

SLOPE

CELL_A_VOLTAGE_SENSE 5

CELL_B_VOLTAGE_SENSE 5

CELL_A5

CELL_B5

DRIVER_TEMP 5

~RESET_DRIVERS2,5

CELL_A 5

I2C0_SCL5
I2C0_SDA5

SCALED_CELL_CURRENT 5

SCALED_CELL_CURRENT_MONITOR 5

CELL_CURRENT_MONITOR 2,5

CELL_CURRENT_DIRECTION5
N_CELL_CURRENT_DIRECTION5

N_CELL_CURRENT_DIRECTION 5

SCALED_CELL_CURRENT5

Title

Size Document Number Rev

Date: Sheet of
Q26029-001 C

DC ECH2O MODULE

Custom

5 5Wednesday, July 17, 2019

Title

Size Document Number Rev

Date: Sheet of
Q26029-001 C

DC ECH2O MODULE

Custom

5 5Wednesday, July 17, 2019

Title

Size Document Number Rev

Date: Sheet of
Q26029-001 C

DC ECH2O MODULE

Custom

5 5Wednesday, July 17, 2019

U8A

SN74HCT08D

1

2
3

14
7

U18B

HIP4082IBZ

DIS
8

HI
2

LI
3

DEL
5

V
dd

12

HB
1

HO
16

HS
15

LO
14

V
ss

6

R108 5m
2W

C132
5600pF

L4
33uH

SER2918H-333KL
10.3A Isat

COILCRAFT

R9730.1K

R72 18.2K 1%

R107 47

C99
0.1uF

U17A
OPA2727

+3

-2

V+8

V-4

OUT
1

C131
0.1uF

R73 18.2K 1%

L2

75uH Alt9.5A

U6

ISL90728WIE627Z-T

V
D

D

1

GND
2

SCL
3

SDA
4

RH
6

RW
5

TP19

C85 10pF
5% COG

U9C

74HCT132D

9

10
8

7
14

R81
5m
2W

U8C

SN74HCT08D

9

10
8

14
7

U9D

74HCT132D

12

13
11

7
14

C137 0.1uF

R76 47

C81
1uF

C41 0.01uF

C79
4700pF

X7R 10%

Q11
IRFS3205S

C86 10pF
5% COG

C83
0.1uF

10%

R43 121

C20 0.1uF

TP18

C138

0.1uF

R28 10K
TP7

R130
7.5k 0.1%

TP9

C44
100pF

TP21

R79 1K
1%

U9B

74HCT132D

4

5
6

7
14

R41
100K

R8547 U17B
OPA2727

+5

-6

V+8

V-4

OUT
7

C127
1uF

Q8
2N7002
60V

G
S D

D9
S1MB

R42
100K

C98
1uF

TP23

L3
33uH

SER2918H-333KL
10.3A Isat

COILCRAFT

R123
1.1

R46 121

C65
5600pF

R22
100K

Q10
IRFS3205S

D10 BAT54C-7-F

TP10

C64
1uF
100V

TP26
U8B

SN74HCT08D

4

5
6

14
7

C115
1uF
100V

C60

1uF

Q9
IRFS3205S

Q17
2N7002
60V

G
S D

R101 1.1

Q7
2N7002

60V

G

SDR26 10K

TP14

C90

0.47uF

R61
1.1

L5

75uH Alt 9.5A

R17
10K

C97
0.033uF

X7R 10%

R58

1K

D4 GSOT05C
COM

3

2
A2

1
A1

U11A
OPA2727

+3

-
2

V+8

V-4

OUT
1

C122
.1uF

Q16
2N7002

60V

G

SD

TP16

R31
4.99K

C114
0.1uF
100V

U8D

SN74HCT08D

12

13
11

14
7

C130
1uF

TP22

C95
680pF

5% COG

C94
680pF

5% COG

U9A

74HCT132D

1

2
3

7
14

C123
1uF

R96 1.1

D8
S1MB

R115
7.5k 0.1%

C80
1000pF

R27 30.1K
1%

R32 200K

C129

0.1uF

C24 0.1uF

C113
0.033uF

X7R 10%

R129 124k 0.1%

C26
2200pF
5% COG

D7 BAT54C-7-F

R104 1K
1%

R19 121

TP11

C28 1uF

C40 0.1uF

R70 1K
1%

R45 121

R21 100K

C21 0.1uF

C22
100pF

U29A

LM358D
3

2

8

4

1

R29 1K
1%

U12

LT1243

FB
2

COMP
1

VREF
8

ISENSE
3

GND
5

7
VCC

OUT
6

RT/CT
4

TP8

C61

1uF

U11B
OPA2727

+5

-
6

V+8

V-4

OUT 7

C37
0.1uF
50V

C25 470pF
5% COG

R111 1K

U23

LM62

+VS
1

VO
2

GND
3

U29B

LM358D
5

6

8

4

7

TP20

C32
1500pF

5% NPO

Q6
IRFS3205S

U18A

HIP4082IBZ

DIS
8

HI
7

LI
4

DEL
5

V
dd

12

HB
9

HO
10

HS
11

LO
13

V
ss

6

TP17

R89
15K

R18 121

R44
100K

R103
5m
2W

R37
4.99K

R30 47
1%

R116 124k 0.1%

C87
0.1uF

R148 1K

TP25

C55
0.1uF
100V

R9830.1K

C27 18pF

5% COG

R10247

R147 1K

C128
4700pF

X7R 10%

C117
0.47uF

R20 121

R33
10K
1%

Rdelayset Rdelayset

DRIVE_CELL

CELL_B1
CELL_A1

TP_L2
TP_L3

TEMPERATURE 480mV+16mV/C


