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VOLGA WET NEXT GEN ECH2O 
             MODULE BOARD
                 Q25053-004

Changelog:
Rev B: Removed Injection Pump options.
Rev C: Added pins for RS232 and help clear up schematic pins for layout.
Rev D: Removed Capacitors to help balance out VDD_3P3V for layout boundary.
Rev E: Switched Current shunt resistors to 0.060 value. Offset resistor and 
       Gain resistor changed to 130k and 8.06k (submitted to QPL add on 22 July 2014)
Rev F: Added Battery Level sense adjusted resistors for LEDs and use 0 ohm resistors as voltage select for Pump. Used 0.5% ref for A/D
       Changed LED resistors to balance color brightness for Membrane Blue (86.6 --> 243 ohms). Green (1k --> 100 ohms) 
       Changed Mode Detect circuit to allow system to function from 52V to 20V
       Added 1k ohm 1206 resistors to prevent ESD damage on inputs of  pins. 
       Red Boxes added to help layout see changes immediately.
       Quickturns of Board: Q25053-002
Rev G: Added dual comparator for new pPUMP circuit.
       Removed Valve circuit. 
       Non-pop digital pots and added resistors.
       Removed RS485 communications.
       Added Shokkey Diode to block path through MUX from CAN when system is charging.
       Removed U28 ESD chip. 
       Quickturns of Board: Q25053-003
Rev H: Removed MUX and added circuitry to utilize the CAN Silent pin. Also have put the 
       LED circuitry on the CAN bus with blocking diodes to prevent issues. NO POP RS232 Circuitry
Rev I: Rev (EYE) skipped because I looks like lowercase "L"
Rev J: Revoved Decoupling Capacitors that couldn't fit due to crowding.
Rev K: Change to gain resistors for current measurement and control. CAH (2/15/2017)
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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

GREEN LED
HEARTBEAT

YELLOW LED
CAN

FLASH

CORE VOLTAGE
=1.2V+-10%

Decoupling Capacitors for the Micro. 

RS-232 SERIAL PORT CAN COMMUNICATIONS

JTAG

uP AND COMMUNICATION

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

LOW-MED-HIGH Selection

LED_SELECT Pin to be Open Drain.

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

RTC IC POWER CONSUMPTION 330nA
OVER TEMP RANGE.

CONTROL IC POWER CONSUMPTION 500nA
 OVER TEMP RANGE.

RTC

CHIP BONDING PAD IS NC

POWER FAIL
OUTPUT TRIPS
AT 3.01V

3.0V Reference for A/D

J10 COPIED FROM VW ECH2O
THIS HAS SPECIAL PLACEMENT ON LAYOUT!

Added by CAH

From Volga Wet

U52 and D27 Removed
MUX and blocking diode

~0.25V @ 25mA

BLOCKING DIODE 

~0.25V @ 25mA

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.

SOFTWARE CHANGE HERE! 
ACTIVE HIGH NOW!

SOFTWARE CHANGE HERE! 
ACTIVE HIGH NOW!

NOT POPULATED

HEARTBEAT_LEDCAN_LED

FLASH_CLK
FLASH_nCS
FLASH_RX
FLASH_TX

HEARTBEAT_LED

CAN_RX
CAN_TX

JTAG_TCK
JTAG_TMS
JTAG_TDI
JTAG_TDO

FLASH_nWP

FLASH_CLK

FLASH_nCS
FLASH_RX

FLASH_TX

nRESET GND

GND

GNDA

VDDA

VDDC

nRESET_Micro

CAN_LED

RS485_RX
RS485_TX

ECELL_CURRENT_SENSE

ECELL_STATUS
PUMP_LSDP0_STATUS

JTAG_TCK
JTAG_TMS

JTAG_TDI
JTAG_TDO

JTAG_RESET_IN

GND

CAN_RX
CAN_TX

GND

RS232_RX

RS232_TX

GND

GND

GND

PUMP_LSDP0_CURRENT_SENSE

GND

RS485_nRE_DE

BUTTON_SENSE

LOW_LED_MICRO
MED_LED_MICRO
HIGH_LED_MICRO

LOW_LED
MED_LED
HIGH_LED

GND

LOW_LED_MICRO

LOW_LED

GND

MED_LED_MICRO

MED_LED

GND

HIGH_LED_MICRO

HIGH_LED

PUSHBUTTON

JTAG_RESET_IN

BATTERY_BACKUP

nRESET_Micro

ENABLE_ECH2O

ENABLE_ECH2O

MODE_SW_IN

FLASH_nWP

LED_RED

LED_GREEN

LED_GREEN
LED_RED

LED_SELECT

CAN_SELECT

SYSTEM_STATUS_MICRO

SYSTEM_STATUS

GND

SYSTEM_STATUS_MICRO

SYSTEM_STATUS

RS232_RX
RS232_TX

CONFIG_DETECT

CONFIG_DETECT

REV_BIT0 REV_BIT1 REV_BIT2

REV_BIT0
REV_BIT1
REV_BIT2

GND

MODE_SW_IN

LED_SELECT

VDD_3p3V

VDD_5p0V

VDD_3p3V

VDD_3p3V VDD_3p3V VDD_3p3V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_3p3V

VDD_5p0V

VDD_5p0V

VDD_3p3V

VDD_3p3V

VDD_3p3V

VDD_3p3V

VDD_3p3V

VDD_3p3V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_3p3V

VDD_5p0V

VDD_3p3V VDD_3p3V VDD_3p3V

VDD_3p3V

V_BATT

V_BATT

VDD_3p3V

VDD_3p3V

VDD_5p0V

VDD_5p0V

VDD_3p3V

PRESSURE_SW 2

FLUSH_SW 2

ECELL_STATUS 5

PUMP_LSDP0_PWM 3

ECELL_ALI 5
ECELL_BLI 5

ECELL_CURRENT_SENSE5

FLUSH_SW 2

PUMP_LSDP0_STATUS 3

PRESSURE_SW 2

CAN_High 2,4
CAN_Low 2,4

PUMP_LSDP0_CURRENT_SENSE3

VDD_5p0V 3,4,5

GND 3,4,5

VDD_3p3V 4,5

TEMP_SENSOR 5

BUTTON_SENSE 2

FLUSH_SWITCH4

PRESSURE_SWITCH4

E-DIS 5

PUSHBUTTON2

RTC_SSI3TX2
RTC_SSI3CLK2

RTC_SSI3RX2

nRESET 5

CAN_High2,4

CAN_Low2,4 SWITCH_OUT2 4

SWITCH_OUT1 4

BUTTON_SENSE2

ENABLE_SIGNAL_IN4
RTC_SSI3Fss2

RTC_SSI3Fss 2

RTC_SSI3TX 2
RTC_SSI3RX 2

RTC_SSI3CLK 2

PUMP_VALVE_SSI1SDI 3
PUMP_VALVE_SSI1SDO 3

PUMP_VALVE_SSI1CLK 3

V_BATT_SENSE4

CONFIG_DETECT_IN4

PUSHBUTTON2MODE_SWITCH_INPUT4

V_BATT 3,4,5

PUMP_nCS 3

pPUMP_LSD03

RT1_SENSE_HI_SIDE_MICRO3
RT1_SENSE_LO_SIDE_MICRO3
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DRIVERS

Keep sense 
wires on 
same layer. 

 2m Ohm resistors connected to 499 
and MUX system without using vias. 

Copper width to handle 6A

OFFSET
1.2V

GAIN

Connect to line 
before going to via!

Connect to line 
before going to via!

Keep sense 
wires on 
same layer. 

NORMAL OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   0        1         1

NORMAL OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   1        0         0

OPEN   OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   1        1         1

SHORTED OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   0        0         0

LOAD NORMAL
W/ CURRENT

NORMAL OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   1        0         0

OPEN   OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   1        0         0

SHORTED OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   0        0         0

LOAD OPEN 
NO CURRENT

NORMAL OPERATION TRUTH TABLE
SWITCH  LOW-SIDE  HIGH-SIDE
   0        0         0

SPARE

PUMP_LSDP0_STATUS

PUMP_LSDP0_LOAD

GND

PUMP_LSDP0_PWM

PUMP_LSDP0_CURRENT_SENSE

GND

GND

GND

GND

GND

GND

GND

GNDGND

GND GND

VDD_5p0V

VDD_5p0V

VDD_12V

V_BATT

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V 2,4,5

VDD_12V 4,5

GND 2,4,5

V_BATT 2,3,4,5

PUMP_LSDP0_PWM2
V_BATT2,3,4,5 PUMP_LSDP0_LOAD 4

PUMP_LSDP0_CURRENT_SENSE2

PUMP_LSDP0_STATUS2

PUMP_VALVE_SSI1SDO2

PUMP_nCS2
PUMP_VALVE_SSI1CLK2
PUMP_VALVE_SSI1SDI2

pPUMP_LSD_LOAD 4

pPUMP_LSD02

RT1_SENSE_HI_SIDE 3,4

RT1_SENSE_LO_SIDE 3

RT1_SENSE_LO_SIDE3

RT1_SENSE_HI_SIDE3,4

RT1_SENSE_LO_SIDE_MICRO2

RT1_SENSE_HI_SIDE_MICRO2

pPUMP_SUPPLY 3,4

pPUMP_SUPPLY3,4

pPUMP_SUPPLY 3,4
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+3.3V Supply
0.25 AMP CAPABILITY

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

7

11

11

6

BYPASSING

D2 PAK

D2 PAK

change to 1.07k .1%

11.96V

CONSIDER ADDING BUFFERING OR 
RESISTORS TO PRESSURE SW AND
FLUSH SW

POWER SUPPLIES

"A" HOLES ON PCB "B" HOLES ON PCB

pPUMP OUTPUT

CELL B

CAN + / LEDA
CAN - / LEDB

GROUND TO BATTERY
GROUND TO BATTERY

CONFIG DETECT
PUMP OUTPUT
PRESSURE SW. INPUT
MODE SWITCH INPUT

FROM BATTERY
FROM BATTERY

FLUSH SWITCH

CELL A

FLUSH SWITCH GND

GROUND TO BATTERY

Supply Select to pPUMP SUPPLY

CELL B
CELL A

LED RETURN

0 Ohm resistors 0805
NON-POP BLUE BOXES HERE

BOXED RESISTORS
NO POPULATE BY DEFAULT

Place this in the area below 
the connector J11 on the Layout
where Buzzer circuit was.

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

2mm layout move towards long side edge. 

GND

VDD_5p0V

VDD_3p3V

VDD_12V

VDD_3p3V
VDD_3p3V

VDD_3p3V
VDD_5p0VVDD_5p0V

VDD_12V

VDD_12V

VDD_12V
V_BATT

V_BATT

VDD_12V

V_BATTV_BATT

V_BATT

MOTOR_3p3VVDD_5p0VVDD_12VV_BATT

VDD_5p0V MOTOR_3p3V

VDD_5p0V

VDD_5p0V 2,3,5

VDD_3p3V 2,5

VDD_12V 5

GND 2,3,5

V_BATT 2,3,4,5

V_BATT2,3,4,5

PRESSURE_SWITCH2

CELL_A5
CELL_B5

FLUSH_SWITCH2

PUMP_LSDP0_LOAD3

SWITCH_OUT22
SWITCH_OUT12

ENABLE_SIGNAL_IN2

MODE_SWITCH_INPUT2

V_BATT_SENSE 2

CONFIG_DETECT_IN2

pPUMP_LSD_LOAD3

pPUMP_SUPPLY3
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C69
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C70
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C48
0.033uF

C53
22nF

C1005X7R1E223K

C79

CIN1
1uF
100V

D6

.790V
1 2

R366
0

C242

0.1uF

C80

TP11 1

R367
0

C90
470uF

TP9 1

CRAMP1
470pF

C62

0.1uF

CSS1
10nF

CIN2
1uF
100V

C68

0.1uF

C39
1uF

C1608X5R1E105K

C91
470uF

R444

100K

R368
0

R405
52.3K

TP10 1

CCOMP1 1.2nF

RFB2
1.07K

U9 LM2937ES-3.3/NOPB

INPUT
1

G
N

D
2

G
N

D
4

OUTPUT
3

J11

1586041-6

1
2
3
4
5
6

C51

0.1uF

C77
2.2nF

C1005X7R1H222K

R369
0

RCOMP1 24.3K

R406
30.1K

R418
124K 0.1%

C97
680uF

C67

1uF C71
6.8nF

C1005X7R1H682K

C88
470uF

C57

U8 LM2937ESX-5.0/NOPB

INPUT
1

G
N

D
2

G
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D
4

OUTPUT
3

R419
7.5K 0.1%

C33

10uF

J12

1-1586041-4

1
2
3
4
5
6
7
8
9

10
11
12
13
14

C58

TP12 1

C96
680uF

C40
U92

TPS73201

In
1

GND
2

EN
3 FB

4
OUT

5

C29
220uF
50V

C60
1uF

C59

C38

0.1uF

C65
470uF

16V

C282
0.1uF

100V

C41

C66

10uF

C42

RT2
10.7K

U7

LM5575MH/NOPB

VCC
1

SD
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Vin
3

SYNC
4
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P

5
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6
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7

RAMP
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9

SS
10
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P
G

N
D

12

IS
13

SW
14

PRE
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BST
16
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C205
0.1uF

C94
680uF

C52

0.1uF

C61

0.1uF

C34
1uF

C50

0.1uF

C30
1uF

C37

0.1uF

L1

47uH

C89
470uF

C238
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-

+
U6

LM321/SOT231
4

5
2

3

C74

C240

10uF

CBYP1
1uF

C93
470uF

C35

0.1uF

C95
680uF

C31
1uF

C64

0.1uF

C36

0.1uF

CBOOT1
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C32
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9.42K

C92
470uF
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A/ IS FALLING EDGE TRIGGER.
B IS RISING EDGE TRIGGER.

ECELL H-BRIDGE

SPARES

600Hz PWM Freq 600Hz PWM Freq

453k * 0.01uF * 0.45 =
2.04ms Pulse Width

Temp sensor, 15.6 mv/degree C

PLACE Themal sensor 
in the center of the 
H-Bridge switches

LM62
HERE!

90A90A

90A 90A

90A 90A

65A 65A

90A

90A

Do
 n

ot
 v

ia
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et
we

en
: 

FE
TS

SE
NS

E 
Re

si
st

or
s 

Op
Am

p

Change to 0805Change to 0805

Change to 0805

Change to 0805 Change to 0805

Change to 0805

0A = 0.101V

85.4A = 2.798V

2.497V

G=10.532.798V @ Trip current

2.798V @ Trip current

FULLSCALE

R81
Changed from 100K to 76.8K

R82
Changed from 4.99K to 3.4K

R54
Changed from 3.65K to 7.87K

TRIP when OUTPUT = 11.027

 11.027V*(3.4/13.4) = 2.798V

CELL_OC

GND

VDD_3p3V

TEMP_SENSOR

VDD_5p0V

VDD_5p0VVDD_5p0V

VDD_5p0V

VDD_5p0V
VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_12V

VDD_5p0V

VDD_12V

V_BATT

VDD_5p0V

VDD_5p0V

VDD_12V

VDD_5p0V

VDD_3p3V

VDD_3p3V

VDD_5p0V

2.5VREF

VDD_5p0V

VDD_12V

VDD_12V

ECELL_BLI2

ECELL_ALI2

CELL_A 4 CELL_B 4

V_BATT2,3,4,5

ECELL_CURRENT_SENSE2

ECELL_STATUS 2

nRESET2

VDD_5p0V 2,3,4

VDD_12V 4

GND 2,3,4

V_BATT 2,3,4,5

TEMP_SENSOR2

VDD_3p3V 2,4

E-DIS2
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R59
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1) J12 & TPD4E001 Need to be close. 
2) J10 Copied from VW ECH2O and has special placement on Layout! 
3) Do NOT via between current sense resistors and Op amps on page 5.
4) RS232 set to POPULATE
5) RS485 set to NO-POPULATE
6) Capacitors C88,C89,C90,C91,C92,C93 are ONE option. C94,C95,C96,C97 are another option. These capacitor groups can OVER LAP!

LAYOUT NOTES

1) RS232 set to POPULATE (Will Zanto)
2) RS485 set to NO-POPULATE (Will Zanto)
3) CAN_SELECT connected to PE7 (Nathan Meyers)
4) LED_SELECT connected to PJ4 (Nathan Meyers)
5) Remove Populate text from RTC/Battery Back-up (Tim Lambrix)
6) Removed the Injection Pump options
7) Added missing RS232 pins to Micro
8) Connected VALVE_LSDP1_LOAD to Drain of Q28
9) Removed capacitors that don't fit in the VDD_3P3V boundary

Corrections

Red Boxes added to help layout see changes immediately.
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