QUANTUM CONTROL BOARD

Rev -005

Ready to release, only changes from -004: Removing test
points, tie off unused gates, and improving clearances
around heatsink mounting holes, Change DB9 to 4 pin header.
Relay became 24v, zeners became 6v. Removing test points.

© 2009 Tennant Company. All rights reserved. Under copyright law, neither this documentation nor the related software may be copied, photocopied,
reproduced, translated, distributed, or reduced to any electronic medium or machine-readable form, in whole or in part, without the prior written
consent of Tennant Company. This document is confidential and proprietary, and can only be used with explicit permission from Tennant Company.

Tennant Company

701 North Lilac Drive
Minneapolis, Minnesota 55440
United States of America




FRAM

33V_AUX
RL
K FRAM1
GPI026 ) -we
scLk—K cpio14

GPI019 ))>——M@l*FRAM_CS

spi_si—<K Gpioz24
spi_sol——K Gpio2s

SPI CHAIN "B"

FRAM

<’7. DGND

FLASH

33V_AUX

FLASH MEMORY1

SPI CHAIN "B"

3avit

scLk—<KcPio1a
spi_siPp——KGpio24
spI_solf——<K GPI025.

ADCINAQ  )———
ADCINAL  D)——t
ADCINA2  Y>—————
ADCINA3  Y)——il
ADCINA4  D>——t
ADCINAS  D)——

TIDSP 1

1 ADCiNAD
1@l ADCINAL
{l ADcina2
@ ADCINA3
1@l ADCiNAg
l ADCiNAs

ADCINAG  )>——————@l ADCINAG
ADCINA7  )>——— ADCINAT

ADCINBO  Y>——————— @ ADCINBO
ADCINBL  »»>——————— 4 ADCINB1
ADCINB2  )>——— @ ADCINB2
ADCINB3  y>—————@l ADCINB3
ADCINB4  y>——————— @ ADCINB4
ADCINBS  >——————Q ADCINBS
ADCINB6  »>—————— 4 ADCINB6
ADCINB7  »>————— @l ADCINBT

ADCREFIN  »>————— 4 ADCREFIN

ADCREFM  »>——————@ ADCREFM

ADCREFP  )»>—————— 4 ADCREFP
VREFLO  »>————— @ VREFLO

*RESET ))————M@RESET

GPI026 YH)————@wp o *FlasH_cs——Kcpio2t
z
“RESET Y)——— M@ RESET* g
]
FLASH
GPIO25 s
GPIO14 5] 5
B —
- HEADER 5X2
CS HEADER  J11
.
FLASH CS 2 SPI_DAC_CS
FRaN cs GPIO21 73 GPI020
W GPIO19 5
SPLINPUT ¢s  SPIOW 8
FET DRIVER Cs GRI0%3 10
B —
HEADER 5X2

i@ xcLkouT

crioor—————KGPIoo

cpriol———<KcPio1

crio2l—KGpio2

GpPios———KGPI03

cPiosB———<KcPio4

criosB—Kepios

GriosI———KGPIos

crio7B—KGpio7

Gprios————KGpio8

cPiosB—KGpiog

criolo—Kepio10
cpriolll——KGpioi1
crior2l—KGpio12
cprio1sl———KGPIo13
cprio1l——KGPio14
crio1s—KGpio1s
cprio16l———KGPIo16
crio17B—KGpio17
cprio1sl———<KGPIo18
cprio1gl———KGPIo19
crio20——KGpioz20
cprioz1il——<KGpio21
crio22l—KGPi022
Gpriozsl———KGPIo23
Gprio24l——KGPIo24
crio2s————Gpio2s
GpPIo26———KGPI026
crio27B—KGpio27
cpriozsl————<KGPIo28
Gprio2gl———KGPI029
crioso——KGpioz0
Gprios1 ——KGPIo31
crios2l—<KGPio32
cpiossB——<KGPio33
GpPiozsl——KGPIo3a

TIDSP 2808

W\}i.AGND

<’7. DGND

<Title>

Document Number

<Doc>




D
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VACUUM FANS
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Vacuum Fan Control

Scale Factor = 1.0mV per AMP (uni-directional)

Designed to handle 50A max.
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GPI028 4| GPI028-SCIRXDA-TZ5n VSS9 [—g7
GPI029 5| GPI029-SCITXDA-TZ6n VSS10 g5
GPIO30 = GPIO30-CANRXA VSS11 57— R87
GPIO31 GPIO31-CANTXA Vss12 2.9K
GPI032 mg GPI032-SDAA-EPWMSYNCI-ADCSOCAON A4
N GPI033 73| GPIO33-SCLA-EPWMSYNCO-ADCSOCBON
GPIO34 GPIO34 r
VDDAL.8 o Red N/
TMS320F2809PZA +5V
33v Power Regulator
33V
VDDA33Y 1 Red RESET*Y
R10
c44 100K
0.001uF [Title
GPIO34 ) Power Regulator Modular - TI DSP 2808
= PULLUPS TO BOOT FROM FLASH ize Document Number ev
LOCATE NEAR DSP GPIO18 > B | <Doc> A
Date 26

: Wednesday, August 04, 2010
2
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RS-232 SERIAL PORT

C45 C46
C47
0.1UF 0.1UI% . +o.1UI= ] 33v
]+
u24 R88
C48
+|/ 16 | T1I0UT
AN 1, vee 121
3 14
0.1UF 2 C1- T10UT 7 R89
’ c2+ T20UT | T20UT
5 Co R90
2 i 121
6 V+
V-
11 R1IN é3 ROl 121 | R1IN
T1IN | 10 T1IN R2IN
I—D T2IN 121
T2IN | 12
9 R10UT | R2IN
R20UT
R10OUT >—1
15 GND
R20UT | MAX3232
R92
10K
DGND | -
Title
Modular - RS232
Size Document Number Rev
A <Doc> A
Date: Sheet 14 of 26

Tuesday, July 20, 2010
2




Brush Motor Control

0.1UF

+3.3VAUX
Q > VBAT
Q18 |
45.3 ohms IRFZZQSZLPE1
. RO3 A, R266 1
5.10hms @
4 BGND
74HC132 HALF BRIDGE DRIVER Q49
FMMTS91TA
+3.3VAUX 0 <3 SHUTDWN s =
Q19
N Lo 5 IRF3205ZLPEY
SHDN HO 453 ohms
2 L R4 A, R267, 1
+3.3VAUX 22MF 100V CoM )
- VB 5.1 ohms,
oV vec gr:émssn;«
[ Ton —
01UF
v <3 IR2109STRPBF
= BRUSHOUT
LGND Difference Amplifier
Scale Factor = 0.0604V / AMP | pss
. P, L10 N ” 1029 1W
R98 10« With 5.0V input, this circuit will limit to 50A IQRZFOZZQSZLP [TV 24V 1500 RO7
—
BRUSH CRNTREF1 < T3AVAUX Roo '\/\/%7 1 RS 39.0 ohmg._R268 1 Eﬁg
INDUCTOR FERRITE )
] FuuTserfRO OMMS i o
1 Qs1 c226 ps? L o
33nF i 22MF 100V
1UF, ™6 1 [TVs 24V 1500
°
2.5V @ 50A
@ [E13 Q1 B
— \RFazoszLPjE
R96 39.0 ohyR269 1
OPA3ISOT 2.5 VOLTS OUT == 50 APS 1 =
0ohms INDUCTOR FERRITE
HIVAUX FMMTSO1TA
Q52 c227
330F
< Y Stale Factor = 1J0mV per AMP (uni-directional)
+12 i
Pulse-by-Pulse Current Limiting G =50 ﬁ Dpsigned to handle S0A max.
HIGH CMMR c212
74HC423 | V7 0.1UF
s +33VAUX 6 (o < Ro35
CR 2 =z 7 e =
100 ohms
BRUSH PWM_IN < ﬁ RX/CX 23
M ox _ g
RI06 140 2 o =4 REF - g9
% ¢ §[s 2 s D105 106
0 A 2 Q 3 3 5K 'S - R103
R107 +33VAUX o 2 = SD103CW SDL03CW 0.001R .
U26A3 o INA213 S ¢
74HC08 ER=
+33VAUX R237
R238 10.0 ohms
453K
™8 (OPOP
50 AUPS THRU SHUNT == 2.5 VOLT OUTPUT
-
74HC08
+3.3VAUX
P20
Us7 o
T 713 SD103CW. %DSB R108 1K
332 1 VYV
BRUSH CRNT FDBK < L
R110 M
OC_FEEDBACK < }——ro PASIQISOT
cs9

Modular - Brush Motor

Document Number

|
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chs4
Sticky Note
CENTER/SIDE BRUSH MOTOR


Brush Motor Control

0.1UF

+3.3VAUX
Q > VBAT
Q22 N
45.3 ohms IRFZZQSZLPE1
L RUL N, R270 1
5.10hms @
BGND
74HC132 HALF BRIDGE DRIVER Q53
FMMTS91TA
+3.3VAUX 0 <3 SHUTDWN s =
Q23
N Lo 5 IRF3205ZLPEY
SHDN HO 453 ohms
2 R112 5 A R271, 1
+3.3VAUX 22MF 100V CoM )
E VB 5.1 ohms,
oV vec g::/\TSSlTA
[ T —
01UF
v <3 IR2109STRPBF
= BRUSHOUT
LGND Difference Amplifier
Scale Factor = 0.0604V / AMP | peo
. P, L12 N ” 1029 1W
R116 10k With 5.0V input, this circuit will limit to 50A IQRZFAZZQSZLP [TV 24V 1500 R115
—
BRUSH CRNTREFL < F33VAUX Rl Wﬁ | R113 39.0 ohmg,_R272 1 Eﬁg
INDUCTOR FERRITE )
] FuuTsorfRO OMMS i o
b Q55 c228 pe1 L s
33nF i 22MF 100V
1UF, Y 1 [TVs 24V 1500
°
2.5V @ 50A
@ L13 s B
— \RFazoszLPjE
R114 39.0 ohyR273 1
OPA3ISOT 2.5 VOLTS OUT == 50 APS 1 =
0ohms INDUCTOR FERRITE
+VAUX FMMTSO1TA
Q56 €229
330F
<~ oy Stale Factor = 1J0mV per AMP (uni-directional)
+12 i
Pulse-by-Pulse Current Limiting G =50 ﬁ Dpsigned to handle S0A max.
HIGH CMMR co14
74HC423 U7 0.1UF
P10 il +3.3VAUX N
1 T R239
T CR 2 7 e =
100 ohms
BRUSH PWM_IN < 5 RXICX EER]
01UF cx ~ g
RI2A 140 10 o =12 REF - g9
g2 S SB 2 N D108 109
0 A 2 Q 3 3 5K 'S - R121
R125 +33VAUX o 2 = SD103CW SDL03CW 0.001R
2683 o INA213 S ¢
74HC08 ER=
+3.3VAUX R241
R2az 10.0 ohms
453K
TP1L (0POP
50 AUPS THRU SHUNT == 2.5 VOLT OUTPUT
-
74HC08
+3.3VAUX
P21
Us0 o
T 713 SD103CW. %DGZ R126 1K
332 1 VYV
BRUSH CRNT FDBK < L
R128 M
OC_FEEDBACK < }——ro PASIQISOT
c70

Modular - Brush Motor
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chs4
Sticky Note
Remove Peak Detect:
NO POP: D62, R126, C70
CHANGE R128 to 0 ohm

chs4
Sticky Note
LEFT BRUSH MOTOR


Brush Motor Control

+3.3VAUX
Q > VBAT
Q26 N
45.3 ohms IRFZZQSZLPE1
R129 A R274 1
5.10hms @
N BGND
74HC132 HALF BRIDGE DRIVER Qs7
FMMTS91TA
+3.3VAUX 0 <3 SHUTDWN vt =
Q27
N Lo 5 IRF3205ZLPEY
SHDN HO 453 ohms
2 RI30 \ A R275 1
+3.3VAUX 22MF 100V CoM )
E VB 5.1 ohms,
oV vec EV:QATSMTA
[ Ton —
01UF
v <3 IR2109STRPBF
= BRUSHOUT
LGND Difference Amplifier
Scale Factor = 0.0604V / AMP | pea
. P, L4 N ” 1019 1W
R134 With 5.0V input, this circuit will limit to 50A IQRZFBZZQSZLP <fVS 24v 1500 R133
—
BRUSH CRNTREFL < F33VAUX Ri% Wﬁ | R131 39.0 ohmg_R276 1 Eﬁg
INDUCTOR FERRITE )
R136 0 FuuTserfRO OMMS o
m 1 Q59 c230 D65 L
33nF i 22MF 100V
cr7
610.1UF P12 1 [TVs 24V 1500
°
1
2.5V @ 50A
@ L5 Q2 B
— \RFazoszLPjE
R132 39.0 olyR277 1
OPA3ISOT 2.5 VOLTS OUT == 50 APS 1
0ohms INDUCTOR FERRITE i
+VAUX FMMTSO1TA
Q60 c231
330F
<~ oy Stale Factor = 1J0mV per AMP (uni-directional)
+12 i
Pulse-by-Pulse Current Limiting G =50 ﬁ Dpsigned to handle S0A max.
HIGH CMMR c216
74HC423 . 0.1UF
L3 il +3.3VAUX N
3= 7oL R243
T CR 2 7 e =
] 100 ohms
BRUSH PWM_IN < ﬁ RX/CX 5 2
M ox _ g
R14Z 140 2 o =4 REF - g9
R ¢ §f= 2 N D111 p112
0 A 2 Q 3 3 5K 'S - R139
R143 +33VAUX o 2 = SD103CW SDL03CW 0.001R .
U32A3 o INA213 S ¢
74HC08 ER=
R245
R246 10.0 ohms
453K
P14 (OPOP
50 AUPS THRU SHUNT == 2.5 VOLT OUTPUT
-
74HC08
+3.3VAUX
P22
Us3 o
T 713 SD103CW. %DGS R144 1K
R145 332 1 VNV
BRUSH CRNT FDBK < La
R146 M
OC_FEEDBACK < }——ro PASIQISOT
—_— ca1

Modular - Brush Motor
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chs4
Sticky Note
RIGHT BRUSH MOTOR

chs4
Sticky Note
Remove Peak Detect:
NO POP: D66, R144, C81
CHANGE R146 to 0 ohm resistor


Power Supply

5V / 1A SWITCHING SUPPLY

c82
POWER SUPPLY +5V 1t
T VCC_+5V
0.1UF
D67 MBRD835L uss “
1 s R LM26768—5.0& [ < Jesv
VBAT[ > . ’ ’
I, o wy § 8
z =z 5] 1
RV1 & O our N 33.0uH
— cs3 V48MLA1210 N <MFG PN>
0.1UF + C84 c85 <MFG#>
\1UF
47uf 1 50V D68 c86
| Soraasoy Power Supp 1 A% +12V
] 12 VOLTS BUT WE'LL CONTINUE ™ CALL IT 9V FOR Now
é R148
R148 5.9K to get 12 volts
3.4k 9v
cer 1K R147 4.2k 10v
5.9k 12v
beND >+ POWER SUPPLY +9V ’—H— vee_+ov
9V /1.5A SWITCHING SUPPLY usa 0.1UF A
N LM2676S-ADJ
5.9K R148 3.01K R149
B w i P82 < Jsov
: VIN % 0 L
S > 2 1
Y YY)
BGND © o our 68.0uH 2.2A
> + 88 N o DO5022P-683
——C89 Coiltronics UP3B-680
47uf 1 50V 0.1UF 1+
D69 c90
_| scHoT 1A 60v 100UF TANT 16V
co1
1L 3
1r External (Switched) Power Supply +12V
0.01UF
uss « 12V / 1A SWITCHING SUPPLY
2 [M26765-120 > kB [2 < Switched +12V
. t g
VIN Q o
z Z o 1
© o our o 330.0uH
_|+ co2 c93 ~ ™ DR127-331-R
0.1UF
47uf / 50V Cin D70 c94
_| scHoT 1A 60v 10UF 35V
+12V Enable[ >
D113
BZT52C3V3
3.3 [Title
Modular - POWER SUPPLY
ize Document Number ev
B <Doc> A
PDate: Wednesday, August 04, 2010 heet 18  of 26
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PSS

HBRDG_01R [

3w [

Lono [ 1

H-Bridge Control

HIP4082
Low Level Input threshold is 0.8 v
High Level Input threshold is 2.7v

e\ T

a
I

Waros. Pwwrs >

HeRoG_ PwAN [

Rise

Current Limit
High to Low Transiion

HIGH

Tanceza |

LOw = Current Limit
jormal Operation

HaRDG_cuR_REF >

Scale Factor

0.254 VIA > 13A =33V,

HBRDG, CUR ACT [ FIS A a2

301K LIMITS REF
s

1204 amps

o
HPA0sE R150 45.3 ohms.
P D
S ves ans HL st 2 — < |HBROG_OUT+
s s w )
H-Bridge Outputs
DE <Jwer0s_our
HBRDG_DisABLE [_>———

cis || oumue cos || ome
ATTNENTION ATTNENTION
Locate capacitor direcly to drain & source

Locate capacitor direcly to drain & source
of MOSFET transistor.

G=847
ge,u;
™
oo

v

it ot e L

i

nues o e m 1

of MOSFET transistor.

r “Jeeno

Modular - H Bidge Contol

5 | S

e s,




5v
oy
e
HBRDG_DIR [
v
2w [

Lono [ 1

H-Bridge Control

Waros. Pwwrs >

HeRoG_ PwAN [

Ri7e

Current Limit
High to Low Transiion

Tanceza |

LOw = Current Limit
HIGH = Normal Operation

HaRDG_cuR_REF >

Scale Factor
0.254 VIA > 13A =33V,

HBROG CUR_ACT [ EISD a2

301K LIMITS REF
s
1204 amps

Hip4082 oo || i
Low Level Input threshold is 0.8 v
Figh Level Input threshold is 2.7 v
S ves ans HL e — <] HBROG_OUT+
A s o)
o1 22 1000
H-Bridge Outputs
NI e -
M <vers o
HBRDG_DisABLE [_>———

oo || ommue cin || ome
ATTNENTION ATTNENTION
Locate capacitor direcly to drain & source

Locate capacitor direcly to drain & source
of MOSFET transistor.

sov
G=847
<a. 17 ous
ieo

- = oo

it ot e L

i

s s s o

of MOSFET transistor.

r “Jeeno

Modular - H Bidge Contol

5 | S
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> vBAT o
L16 Qs
453 ohms — IRF32057LPB| BGND
74HC132 HALF BRIDGE DRIVER R190 R278 1
5.1 ohms INDUCTOR FERRITE © 1
. SHUTDWN =
+3.3VAUX so <} ude
+3.3VAUX 2 s FMMT591TA
E— —N Lo
D86 SHDN HO
A o 41 com
+3.3VAUX oV 22MF 100V 8 30
VB Q:
c126 L 17 IRF32052LP
N
Cc127 Vs 45.3 ohms ——
To gri ‘ R191 R279 1 H
v <3 IR2109STRPBF 510nms NDUCTOR FERRITE )
SHOULD BE 10V MIN 062 "> vacranout
FMMTS91TA
LGND
©| ps7
£
R195 10K With 5.0V input, this circuit will limit to S0A [TV 24v 1500W 10 1% 1w
VACFAN CRNT REFL < mln L
+3.3VAUX
o
o
pes — c130
e K 22MF 100V ¢
570.1UF o[Tvs 2av 1500w
P15
2.5V @ 50A T
L18 o
Q40
OPA340/SOT 39.0 ohms — \RFszoszLPE1
+33VAUX R192 R280 1
) 10,0 ohms INDUCTOR FERRITE K
Q63 c232
MMTS91TA 3.30F
N . [
Pulse-by-Pulse Current Limiting Il
L19 Qa1 o
74HC423
P16 " o) +3.3VAUX ngeso ohms. st — \Rmzoszipjg
CIR El
T 7 2 10,0 chms INDUCTOR FERRITE K
VACFANPWM_IN < 57 RXICX
C134| | 0.1UF cX Q64
R203 140 05 g gHE MMTSOLTA
™ A S Q
R204 +33VAUX o
U2189
74HC08
+3.3VAUX a2 sy
i
G =50
HIGH CMMR
*OC_FEEDBACK T
6
74HC08 7ot 4 R247
+3.3VAUX [ o < 100 ohms
i
et el ® g9
2 < R200
g
5 2 3 U6 o001R
— 5 = solosew
ue9 ™ o INA213 S ¢
.3 spiosgw | g oso R205 1K - F< R250 H
R206 332 1 N
VACFAN CRNT FDBK < 4 R249
N R207 o NOPOPS 453k 10.00hms
pAsdisOT 50 AUPS THRU SHUNT == 2.5 VOLT OUTPUT
— ci3s
01UF
;E = Scale Factor = 1.0mV per AMP (uni-directional)
Designed to handle 50A max.
A
Modular - Vacuum Fan
Document Number
A
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CANBUS

| RTERM_L

| RTERM_H

C|l|36 — < CAP_H
3.3V | 1
0.1uF —_— c137
uso R208 R209 47NF
) . 62R 62R —Jeap L
CAN_TX[_>——{Tx § RS
> 7
CH 5 | CAN_H
cL | cAN_L
> 5
CANRX M RX O VR | VR
N
SN65HVD230QD
R210
47R
* | DGND

Note:

Connect RTERM_H and RTERM_L
together when transceiver is at an
end-point.

Note:

Connect CAP_H to both RTERM_H and
RTERM_L. Connect CAP_L to DGND when
transceiver is at an end-point.

Title
Modular - CANBUS
Size Document Number Rev
A <Doc> A
Date: Sheet 22 of 26
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CANBUS

| RTERM_L

| RTERM_H

C|l|38 — < CAP_H
3.3V | 1
0.1uF —— cC139
usi R211 R212 47NF
) . 62R 62R —Jeap L
CAN_TX[_>——{Tx § RS
> 7
CH 5 | CAN_H
cL | cAN_L
> 5
CANRX M RX O VR | VR
N
SN65HVD230QD
R213
47R
* | DGND

Note:

Connect RTERM_H and RTERM_L
together when transceiver is at an
end-point.

Note:

Connect CAP_H to both RTERM_H and
RTERM_L. Connect CAP_L to DGND when
transceiver is at an end-point.

Title
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Size Document Number Rev
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SPI_SI |
SCLK |
*FLASH_CS |
WP

RESET* |

FLASH MEMORY

Rev

3.3V
o
3.3V
o
<1 33v
C140
R21 ) [
10K \
us2 0.1uF
L S VCC
2 SCLK
4| SO < SPI_SO
CS
2y wp
3 RST GND | DGND
AT45DB081D/SOIC
R215
10K
Title
Modular - FLASH
Size Document Number
A <Doc>
Date:

24

of

26
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FRAM

3.3V
3 c141
33V [ >—o—9— (
R21§ R217 0.1uF
10K/ 10K
U53
spPi_sl > 5y si so—< SPI_SO
SCLK > 6 SCLK
{3 HoLD
we [ > 1 wp
*FRAM_CS > CS
o)
z
8 VCC O
FM25CL64
< DGND
Title
Modular - FRAM
Size Document Number Rev
A <Doc> A
Date: 25 of 26
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POWER REGULATOR

3.3V
Q
R218
10K
< RESET*
L <] RESET*

Rev

o
—
S
o U54A 1.8V
=
—
=
o
= — 3 x1EN+ X10UT23 25— X 2
5 25 24|
S *9 X1FBINC X10UT24 [—5g c142 c143
" +5V &) X1IN5 X1RESET* PT7— —
o X1IN6 X20UT17
z ﬂ’c ROEN- TPS767D318PWP oOUTLS %g 10UF/10V 0.1uF
o ——— 129 X2IN11 X2RESET* O
+5V | * * * * X2IN12 16 —
NC16 X -
c144 | c145 | ci46 | c147 | c148 ; NC1 NG9 %gai
= NC2 NC20 53X
TlSUF 0.1uF 0.1uF 0.1uF 0.1uF & ; NG7 NG21 ;é
— = = »<=— NC8 NC26 [5>x
13 27 .
—;— 12 NC13 NC27 =X 3V
CONNECT AGND AND DGND . 15 | NC14
AT ONE POINT A= NC15 a) ©
3 | _c149 C150
<JE T~ p—
s oo 10UF/10M 0.1uF
& 55 .
E N —T—:
1.8V
3.3V Q @
A
1.8V = =
33v[__ >——
+5V
A
v [ >——
AGND
DGND
Title
== Modular - TI DSP 2808
Size Document Number
A <Doc>
Date:
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