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KCOJFQ TACHOMETER FEATURES
REVERSE POLARITY PROTECTION (SMD FUSE)
SWITCHMODE REGULATOR

PROGRAMMING CONNECTION VUIA POGO-PINS CONNECTION TO PADS
(DOES NOT REQUIRES PROGRAMMING CONNECTOR>

ICOM CI-V SERIAL INTERFACE <(FULL DUPLEX>
NON VOLATILE MEMORY (128Kb>
ANALOG CONFIGURATION CHANNEL
INPUTS:
TACHOMETER PULSE

SUPPLY UOLTAGE MONITOR
ENGINE ANALOG CHANNEL <W/PULL-UP)

TACHOMETER CHANNEL IS LIMITED AND BUFFERED

SUPPLY VUOLTAGE CHANNEL HAS 18V OFFSET (EXPANDED RANGE)
ANALOG CHANNEL IS BUFFERED AND HAS GAIN

4 DIGIT NUMERIC DISPLAY

4 LED STATUS INDICATORS

PROGRAMMING & DEBUG CONNECTIONS THROUGH POGO-PINS

ON 2ND. BOARD INCARNATION (REDUCE PARTS ON PRODUCTION BOARD)>

CHANGE LIST

2020-11-23
2020-12-04

2020-12-10

2020-12-12

2020-12-25

2020-12-26

2021-01-13

2021-04-22

MOVE ”TEST” TO PAB (FROM I2C-CLK>

MOVE CURRENT LIMIT RESISTORS FOR LEDs TO
ALLOW MOUNTING ON EITHER SIDE OF BOARD
(LTS-6768P IS SYMMETRICAL, BUT SEGMENT
ASSIGNMENTS CHANGE>
UPDATE BIT PATTERN PAGE

FLASH DEVICE IS PART OF BASE BUILD
HOUR METER DATA AREA

J2/JH2 RECONFIGURED FOR POGO PINS

REVISION 1

ADD HAYWIRE TO CONNECT PWML2¢61>

TO PD4<(72>/PD5¢(71>/PG0B(60)

ALLOW PWML2 TO GENERATE INTERRUPT
ON PD4 TO MANAGE DISPLAY BRIGHTNESS
NO CHANGE TO ARTWORK

ADD EXTERNAL PARTS
(i.e. NOT ON CIRCUIT BOARD)

ADD MORE EXTERNAL PARTS
REALLOCATE SOME REFERENCE DESIGNATORS

RE-LABEL U1@ TO BE NON-INVERTING
74LUC2GB7

CHANGE DRIVE TO LEDs TO INCREASE BRIGHTNESS ]

non_flt_cap_common,non_flt_cap_0805,non_flt_cap_08603,non_flt_cap_088085,non_flt_cap_1206,non_flt_cap_tant,non_flt_misc,gse_001,gse_002

TOP_FULL | BOARD ASSY [BOT_COMPACT [ BOARD-ID

DRANING FRAME SHOWN ON CIRCUIT BOARD

Draun Date The University of loua
KCBJFQ |2020-10-10| TITLE PAGE L S AT
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REVERSE 750
v12.0 mA MAX v3.3
0705%3%05 NOISE POLARITY
A_J9/B — SUPPRESSION PROTECTION ? r?xl:q UR1 UX7803 1000R
0050579406 1 , e /S . , , . 1 [om vour .
CONNECTOR o_ J\ =}
REQUIRED O- 2 RAW12 F1 o, + Z
FOR THIS 0685T1000-01 D2
O 3 C5 1808mA < Us-3EMUBE (o v g c2 ~
AUF 1206 < c1 1UF AUF c18 c4 c19
A_JCS/1 O+ 50U 1@UF /35U 50U 50U .1ur 1UF 1@UF /25U 1@UF /25U
0016021110 M6032 M3528 M3528
5 e e —
Bl |o 1% . L4 L L
6 .
| | B e e 05
HGT: 0.275 — . TEMP/3.1B | RATING!
A_CBL1 J_
AT-S-26-8/8 . TACH/3.6C | L
~03 f o PINS 60 & 61
AUl
CABLE MOD 8P8C 1 1 MAY BE
PLUG TO CABLE 7’ cé = = SHORTED HAYWIRE
100PF REMOTE TEMP SENS NOISE
— 20-58 OHM HOT SUPPRESSION ZNEO$5 ZNEO$6 ZNEO$7 ZNEO$4
= 600-800 OHM COLD
RF pEp |12 pro (18 peg (S8 PUMHL PDE |22
SUPPRESSION i
U3.3 u3.3 pE1 [ pF1 |18 por 28 punL1 PDL 2L
s0 pe2 |18 pr2 (12 pe2 |97 | PUMHZ PD2 |2
us |
pE3 |LL pF3 -9 pe3 |22 : pe1 pD3 |23
I: Pos pE4 1@ PF4 8- pe4 |51 | RXD1 PD4  |-Z2 - o
| ]
U3.3 U333  U3.3 56 7 50 71
= U3.30) V3.3 () V3.3 74LUC1611 If:eiiiuz}__ u3.3 PES [ PFS [—— PGS | TXD1 PD5 —“1
L L O PEs (22 [/ N pos |18 | cTs1 PD6 82
- R105 - '
o © o o o ZNEO$8 198K pe7 |54 pr7 |25 pe7 (2! punz pp7  -S1-— 4
of S Y el e N z16F2811 20501 < Rr1@7 | !
10K |
C1az <~ N ™ <+ (9] O DBG - b -
PE2Ebxv 3 8 8 8 8 8 oge Ues1 [C_TACH/3.8D
P > > > > > >
[.:.] 1 SW1 = - INTERRUPT
KMR221
X101 23 LB N85 8 8 B T b RSTx 4 5 PBRST*
ABL-20.808MHZ P Wy 9o 9 9 g9 g g RESE J_ [ = ] J_
18pF &
HET: Bas8 103 o 9 9 ¢ 2 ﬂi 74LUC1611 106
R106
PF PF
10 = = = = = = = 100K 3 u3.3
- 2 1 _
u3.3 MWW Q
O 0603
u3.3
< R8s
PJ1 S R101 ‘S R182 = R103 oK
7 < “ = D13 A_BEZEL A_PCB2
7?4%?? 103%;.; 10K 10K 10K PORX BAUSY 6202030 102-73189
< < /
1 2 DRSTx* 2 ’ o o
ctot O O ciod oces I+ L 2 E@ ENCLOSURE
AUF 3 4 AAAA T T RED BEZEL FOR
1 5 © o s o E%ﬁr/zsu caiiiu% LCD DISPLAY A_ENCL1
OO M3528 ’ A_MTGL 1599B
_L 1593ATS
= v3.3 | | Z
— j) - - N’[0)
o (o]
PROGRAMMING ADAPTER: |OT PCB ”%‘iNTXINf/Z,SCRE“S
CUT RELIEF FOR DISPLAY/LED (IF NEEDED) 5
wstaLL pi1 |O u3.3 u3.3 u3.3
INSTALL PJ2 POGO PINS ON BOTTOM | ~1 3
(9.250) 825-22-006-10-001101 .212-.302
(6mm) 825-22-006-10-002101 .242-.332 |~ ¢
(8mm) 825-22-806-10-003101 .272-.362
(0.375) 825-22-006-10-004101 .302-.392 || 5 Draun Date The University of loua
KCGJFQ Department of Physics & Astronomy
PJ1 NOT REQUIRED ON TACH BOARD |46 C116 | c118 | C119 | c120 | C122 | c123 . |2026-10-10 fowe City, 17, USA
o .B1UF | .81UF | .01UF | .81UF | .@1UF | .B1UF Designed Date |TITLE: TACHOMETER
H
825-22-006-10-004101 | = = = = = = KCBJFQ |2020-10-10| ZNEO POWER & .RESET A182_73189_1
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1 2 3 4 \ 5 | 6 7 8 9
) ) ) ) ) ) ) ) 1 ) ) ) ) )
R63
TST 18K -
2 al L AAAA2 2
L_TEMP| 00 AW O DEBUGGING ADAPTER:
Jp2 > CUT RELIEF FOR DISPLAY/LED (IF NEEDED)
cio PBCOB2SAAN U3.3 INSTALL J2
100PF —= O INSTALL JH2 POGO PINS ON BOTTOM
I u3.3 u3.3 (0.250) 825-22-003-10-001101 .212-.302 1 1o
H ZNEO$1 (6mm) 825-22-003-10-002101 .242-.332
1 ~ (8mm) 825-22-803-10-003101 .272-.362 2
SEMOTE TEMP SENS LA urse femsTeouT pAp nss = u1e$1 (0.375> 825-22-003-10-004101 .302-.392 | ' O
5K PULLUP TO 3.3V V3.3 R28 el It TeouT par |22 10K 210
20-58 OHM HOT . e |: N 74LUc2607 . PJ1 NOT REQUIRED ON TACH BOARD
250/100: 13mU-33mV - c11 N = DEG PAZ2 |2 q H
600-80@ OHM COLD oiUF | LMU321 . 78 U3 U3.3 825-22-003-10-004101
9.3/7.2: 3564mU-456mU oo D4 - _Crsex P3| —=
10.0K < BAVSS u7$1 = = xop pas |67 uies$2
A N
TEMP/2.4B a2 3 LMu321 74LUC2607
y iy > A_TEMP] rio s[5 6 T 3 TX/RX
V3.3 scL pas |8 RS R7 § Red J2
V120 3.3 oL 1K < 1.5k < 16Kk POLARITY 5J-3524
. . 64 1 2 1~ A12
3 = = n4s s0n PA7 U3.3 V33 W 00
UOLTAGE GAIN 10K Q0
x4 = V3.3 - LAMNZ 4R
JP1
N o 12dB o L3 U10$0 Ré PBCOBSAAN
R58 § R50 8 © 100 A
N/A 11.8K 2.32K > oLt PoS -
N} } 1.8V Tc2s -
. c22 N = 10@PF
c14 c26 o oL .B1UF | 74LUC2607 ot
N At e = . L L TTL-232R-3VU3-AJ
= ros ' ' L i Zie = = =
= = K < K CABLE
c15 J 1.00K vtz ™ = u3.3 FTDICHIP USB UART
01UF 24CW128 24CW32 3.5MM PHONE PLUG
1 FLASH 128Kb FLASH 32Kb O
= = 16KB = 2KB U3.3 U3.3
512 RECORDS (32B) 64 RECORDS (32B) D6 R9
32 BYTE PAGE SIZE T ~47uS BAUSS 1.8K V3.3 V3.3
12C ADDRESS BxAB/BxAL LAAn 2 . 2\ AL . .
viz.e WRITE CYCLE 5mS [TACH/2.2B m' J_ > WW
11U = 200uA ~
ﬁ) 15U = 1800uA 10.0K 1.5mA usse
Legn2 e N 19
N c8 POS
Wpzz 3.3 47@0PF 15V 5
L - o=
10U < BATTERY Q = = F | 7aLuc1614
100uA MIN § R52  UOLTAGE us$1
g 2.49K 15U IS FULL SCALE (2.5V) N 74LUC1614 = =
MONITOR 10U IS ZERO % -
RE5 = |ABOUT 528uA
J_ N CONFIG 5.36K. ZNE0$S ZNE0$3
§ R54 ANBS PHD |27 OE1/4.1F TAIN/TLOUT PCR |12 : C_TACH/2.9D |
Icaziaur < 2.49K “% J_ ANp9 PH1 |28 LE1/4.1E TiouT po1 2
: R56
= = 127K o1 AN1O PH2 |37 OE4/4.1F ss/ pPC2 |-
“B1UF ANLL PH3 |38 LE4/4.1E sck pe3 (2 SCK/4.1E
= = b4 wos pea 22— <MOS1/4.1E |
PH5 mso pcs 24
RE5 | RB66 | ANA2 | RAW | CONRIC CONFIGURATION 45
U3.3 PHé T2IN/T20UT PC6 OE5/4.1F
1.62K | 4.99K | 2.50U | 1823 | INIG= e
PH7 T20UT PC7 LES/4.1E
2.94K | 3.65K |1.84V | 767 | INI4= —
U3.3 S ZNE0$2 442K | 2.49K [1.25V | 511 | INI3=
o TeIND/ANRD BB |23 5.36K 2.63V | 255 | INI2= | DEVELOPMENT 4P/12P
S 0 1.27K
TTOINT/ANAT PBL N/A 0.00V 7] INI1=
TRIN2/ANA2 PB2 36
UREF
/eNA3 PR3 32
At PB4 |31 0E2/4.1F |
Aves pB5 (32 LE2/4.1E]
= & e PBe > 0E3/4'1F| Drauwn Date The Uni ity of 1
- w e University o owa
9 i
g awoper |2 LE3/4.1E] KCOJFQ jz020-10-10| zNEO EXTERNAL INTERFACE Deparment of Prysics & Astroncny
s Designed Date |TITLE: TACHOMETER
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CAGE Series Number Rev
_ Project Name B
2D354 | 102 73189 1
Date: Sheet:

4/24/21 8:50 AM

4/24/21 8:51 AM

3/7




1 2 3 4 5 | 6 7 8 [ 9
) ) ) ) ) ) ) ) 1 ) ) ) ) ) )
V3.3
V3.3 V3.3 V3.3
ALL LEDs ON
700mA  2.31U
LED1 » | CDSAS56 LED4 - -
— LED2 @ « CDSAS6 LED3 ™ « CDSAS6 CDSAS6 | oun D1s e S oun b1ss iaa A
T < o~ - o 4~ PK FWD Iz 6@mA PK FWD Iz 12@8mA
— T < T < T < CONT FWD Iz 15mA CONT FWD I: 3@mA -
// / -5 TEMP: -35C +85C TEMP: -55C +10@C
/:/ //_/ // // // // FUD U: 2.1V (max 2.6V) FWD V: 2.8V (max 2.6V)
7 - . . 24ml/SEG 20ml/SEG
cooouls 4o /_é // /é // /é HGT: 0.315 HGT: 0.340
T S888H58 & 888458 8 888458 8 u
Nl H|o|e| 0 V3.3 V3.3 V3.3 V3.3
- N | (ol o s 10 N ol (ol o[ s 10 Nl (ol o{s| 1 O O O O
N> N> N> N> N> N> N> N> < < < <
R17 = R11 R27 R21 R37 R31 R47 R41
2 = § 22 22 § § 22 22 § § 22 22 § § 22 & & & &
3 3 3 3 3 3 3 3 v D1 v| D3 v| D5 v| D7 B
o o oL oL 15 OHM € 15 mA oL oL oL oL 22 OHM € 15 mA LTL-4223 | LTL-4223 | LTL-4223 | LTL-4223
R16 <§ <§ R19 R26 § § Rzg DROP 225 my R36 § § R39 R46 § § R4g DROP 338 mU
22 22 22 22 POWER 34 mW 22 22 22 22 POWER 50 mW oL oL oL oL
= = = = = = = = R4 § R3 ;RZ Ri§ 10mA
o o o~ o~ oL oL o o 22 22 22 22 220mV 4
< < < < < <
R;_,1;_,4 § § 122120 92224 § § 122220 DISPLAY 2180 mV '223; § § R2326 924; § § R;_,4;_,6 DISPLAY 2180 mU 2000 mV <2k
9 9 3 3 RESISTOR 225 mV 3 3 - - RESISTOR 338 mV 220 mV -
N o ~ ~ RR—— ~ ~ ~ ~
R12 § § R15 R22 § § R25 2325 my R32 § § R35 R42 §’ §’ R45 2430 my 2220 my
22 = 5 22 22 3 5 22 ucC 3398 mu 22 3 5 22 22 3 5 22 ucC 3300 my 3300 my
975 mV 870 my 1100 mV
C
) - o~ <r| [N] o~ <r| [N] o~ <r| © o~ <r| | | | ] v4| o~ <r|
1O \O! N Q0 (9] | | | | O] \0j N 00 ) | | | | 1O \0j N od] [0} | | | | 1O \0j N od] [0} | | | ~| LO! \O N e} 2} ~] ~| ~| ~|
N N N N N
< T < T < T < T g T T T T
u3.3 D © - N ™ + Lo 0 N o u3.3 D © — N ™ <+ 1o 0 N o u3.3 D <~ o~ ™ + Lo 0 N o u3.3 | N ™ <+ 1o 0 N o u3.3 [ IS N ™ <+ o o) N o
Ol = E E =E =E = = O Ol = =E E = = = = (=] Ol £ =E E E = = = O Ol = =E E E = = = O Ol = £ E E = = = O
(3] o o o o o o o o ) (3] o o o 2 2 o o 2 [ (3] 2 2 o 2 o 2 2 o [ (3] 2 2 2 2 2 2 2 2 (2 (&} 2 2 2 2 2 2 2 2 w
— o o o o o o o o — o o o o o o o o — o o o o o o o o — o o o o o o o o 1 o o o o o o o o
- - - - =
16 1 ucc GND ——|i [ 16 | ucc GND ——|i [ 16 | uce GND ——|1 [ 16 | uce GND ——|1 [ 16 | ucc ASSUME 80@mU DROP GND ——|1 " D
o ~ . « o WORST CASE <18@mW
S ) ) ) =1 <1@8C RISE 4
2% L w REXT 22 = 0% L REXT 22 =X L L REXT 22 =X L L REXT 22 =X L REXT 22
) O - o 3] O - o [ (&) - o [ (&) - o w O - (@}
C13 (I) oL R13 C23 (I) oL R23 C33 (I) oL R33 C34 (I) o C54 ] o
o1 [ [ [ 1.2k | eaur | [ [ C 1.2k | eaur [ [ [ C 1.2k | o1 | [ [ G
“ “ “ “ R43 R53
= = “ = “ = 1.2k~ = 1.2K n
[MOS1/3.8D 1
[SCK/3.8D
LE1/3.7D TLC5917 E
DRIVE I € 8.6V: 3mA
[LE2/3.3F DRIVE I & 1U: 12@mA
JCT/AMB C/W: 87
[LE3/3.3F SUPPLY CURRENT: 8mA
[LE4/3.7D U1..U4 us
9.8 mW/SEG 11 mW/SEG
[LE5/3.8E 68.6 mW/DEU 44 ml/DEV ]
ALL ON 380 mW ALL ON 210 mW
0E1/3.7D
|0E2/3-3F Drawn Date The University of loua
|0E3/3-3F KCeJFQ |2020-10-10 pepartment of D”%Eifeifﬁ%’aﬁ”ﬁ@%-
|0E4/3.7D Designed Date |TITLE: TACHOMETER F
KCBJFQ |2020-10-10| TACHOMETER DISPLAY A102_73189_1
|0E5/3'8E CAGE Series Number Rev
Project Name B
2D354 | 1982 73189 1
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KCOJFQ UNIVERSAL TACHOMETER
PORT BIT ASSIGNMENTS

BIT 7|BIT 6|BIT 5|BIT 4|BIT 3|BIT 2[BIT 1[BIT @|BASE
PORT A | 12c | 12c | Txoe | mxpe TESTX
PORT B | ies | oes | LE2 | oe2 CONFIG | BAT.U | TENP
PORT C | g5 | oes most | sck c Tt
PORT D ¢ TacH
PORT E
PORT F
PORT G
pORT H Lg‘} 024 Lgi Ogi
UART @ DEBUG PORT (PORT A> I BIT INPUT
Pl JispLaY x © (PORT L A ALTERNATE FUNCTION CINPUT)
Gk SHIRT CLock ACO) ALTERNATE FUNCTION (QUTPUT)
5 SR S s
CONFIG CONFIGURATION (5 LEVELS) INT INTERRUPT/WAKEUP

BAT_U BATTERY UOLTAGE C(EXTERNALD
TEMP WATER TEMPERATURE (EXTERNAL)D

I/Aa** READ JUMPER AT STARTUP, THEN I2C Toi—TSeries Vunber ey

Project Name B
2D354 | 102 731883 1
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1 3 \ \ 5 ] 7 ) g
1 1 1 1 1 1 1 1 1 1 1 1 1
TLC5917 BIT PATTERNS
PIN SEGMENT | @ |1 |2 |3 |4 |5 |6 |7 |8 |9
I ouTe 5 CA 1 1 |1 1 1 |1 |1
A e S Evn R B v T ZNEO ENABLES TO TLC5917
F B oUT2 7 cc 1 |1 1 |1 |1 |11 |11 PORT
G oUT3 8 CcP OE1 THOUSANDS PHO
ouT4 | 8 CE 1 1 1 1 LE1 DIGIT PH1
E C OUTS | 10 CD 1 1 |1 1 |1 1 0E2 HUNDREDS PB4
D P ouTé | 11 cG 11|11 |1 1] 1 LE2 DIGIT PB5
——— [ ] ouTZ | 12 CF 1 1 1|1 1|1 OE3 TENS PB6
TLC5917 PATTERN | B7 | 86 | 73 | 67 | C6 | ES | F4 | @7 | F7 | C7 LE3 DIGIT PB7
LED DISPLAY ON BACK SIDE
OE4 UNITS PH2
PIN SEGMENT | @ |1 |2 |3 |4 |5 |6 |7 |8 |9 LE4 DIGIT bH3
I ouT® 5 CF 1 1 |1 |1 1 |1
A oUT1 é CG 1 1 |11 1 1 |1 o STATYS e
F B LES LEDS PC7
oUT2 7 CD 1 1 |1 1 |1 1
G out3 | 8 CE 1 1 1 1 ZNEO ANALOG CHANNELS
—
OUT4 9 CcP
CHANNEL PORT | COEFFICIENTS
E C ouTs 1e cc 111 111 }1 |1 )1 1 1 CONFIGURATION UOLTAGE PBO
(RESISTOR DIVIDER)
P OuTe 11 ce 1111 |1 |1 1111 BATTERY UOLTAGE MONITOR PB1
D (RESISTOR DIVIDER)
— |:| ouT? 12 CA 1 1 1 1 1 1 1 TEMPERATURE MONITOR PB2
(RESISTOR DIVIDER)
TLC5917 PATTERN | ED | 60 | CE | E6 | 63 | A7 | 2F | E@ | EF | E3
NOT USED PB3
LED DISPLAY INVERTED
NOT USED PB4
PIN SEGMENT | ©® |1 |2 |3 |4 5|6 |7 |8 |9
NOT USED
[ ] ? oute | 5 cA 1 1|1 1|1 1 PBo
NOT USED
P oUT1 6 CB 1 1 1 1 PBS
NOT USED
C E oUT2 7 cc 1 1 |1 |1 1 |1 PB7
ouT3 8 cp 1
—
G OUT4 9 CE 1 1 1|11 1 |1 |1
ouUTS 19 CD 1 1 1 1 1 1 1 Draun Date The University of Ioua
B F KCeJFQ |2020-10-10 pepartment of Dh%iifcifﬁ%ﬁ”ﬁ@%-
ouUTés 11 CG 1 1 1 1 1 1 1 Designed Date |TITLE: TACHOMETER
ﬁ KCBJFQ |z620-16-18 A1082_73189_1
|:| ouUT? 12 CF 1 1 1 1 1 1 1 1 1 CAGE Series broject Name B Number Rev
TLC5917 PATTERN | B7 | 9@ | 73 | F1 | B4 | E5 | C7 | B@ | F7 | FC 2D354 | 102 73183 1

Date:
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8

" COUNTER CONFIGURATION

PULSE /REU PULSE RATE <(Hz) INTEG. PER. MULT.
500RPM | 1000RPM | 5000RPM | 600ORPM | 1000mS 250mS 100mS
1 8.33 16.66 83.33 100 60.0 240.0 600.
2 16.66 33.33 166.6 200 30.0 120.0 300.
3 25.00 50.00 249.9 300 20.0 80.0 200.
4 33.33 66.66 333.3 400 15.0 60.0 150.
5 41.66 83.33 416.7 500 12.5 50.0 125.
6 50.00 100.0 500.0 600 10.0 40.0 100.
/ 58.33 116.6 583.3 700 8.571 34.28 85.71
8 66.66 133.3 666.7 800 7.5 30.0 /5.
9 ’5.00 150.0 750.0 900 6.666 26.66 | 66.66
10 83.33 166.6 833.3 1000 6.0 24.0 60.
11 91.66 183.3 916.6 1100 5.455 21.80 54.55
12 100.0 200.0 1000. 1200 5.0 20.0 50.
LINE RAW COUNT RATE FROM INTERRUPT ROUTINE
CﬁLéSRE;ION CAL MODE: 10 Sec Int Per

3600 PPM

600.00

60.00 ‘ 15.00 ‘ 6.00

e
KCBJFQ |z020-20-10

he University of loua
Department of Physics & Astronomy |

Date | TITLE:
KCBJFQ |z620-20-10

TACHOMETER

A102_73188_1

CAGE

2D354 | 102

Project Name

Number Rev
73189 1

, |Pa 4/24/21 8:50 AM

24721 g5 e | Sheett 2 /2




