A
15VDC from ext DC/DC supply SX33L ¥1=0.28V @ 1A
(Meanwell MPN GST60A15-P1J). D1
SX33L
On/off switch on frant panel PCB L
defined below. D2
Post SX33L
N
J1 . - 2 ‘[;:‘,; F Protecti +12V regulator
| MOIEX—MICrOFIt_43650—0216 I—Ek SX33L 14.72V nominal eruse Protection 14.52V nominal Vee+
% VIN B Vere VIN vourp—Yfused 15VIN 12v0utD +12.0V output
D4 RL
. SX33L K5 Filer eFuse.Kicad_sch Fiter regT2v-Kicad_sch Output hookup
J3 GND VL
Post S)?;BL D6
N VIN_PWR 12VIN
v (8—9mA)
GND
B —12VIN
15V to -13.5V inverter —-12V regulator
File: output.kicad_sch
—P15VIN VinvertedC—pPVinverted —12V0utD -12.0V output
File: cuk_inverter.kKicad_scC File: (Eg*l v.kKicad_sch Vee—
ERRATA
REV 2:
- Q6 orie(nted)backward on PCB (fixed in r2.4)

C X . — RESET (SW1) falling edge can trigger TPS2421 FLT
Exterior power connection g{%:ngggsizsmm phane jack Too much inrush? TPS2421 does not re—enter SOA protect mode?
2.1mm / 5.5mm barrel jack TP20 re the supply soft starts and inverter delays inactive on reset?
Supply: Meanwell GST60A15-P1) TestPoint Filter inductors causing Vour / VIN disagreement?)
Barrel jack: Switchcraft 721AFMS NOTES
Power switch: Bulkin C1500ATAAA PANELGND | |
LED: Kingbright WP3A8ID Assembling 3314J trimpots connected to GND on 20z plane

PWR_FLAG PANEL_GND H5 via hot air caused degradation of trimpot linearity.
T MountingHole_Pad Hand—assemble with iron, try hot air + preheating hot plate,
PANEL_PWR 1 HE or use a more durable trimpot in the future.
R34 PANEL_GND 2 M tingHole_Pad
|| 1k5 m' 122 ountingRole_Fa TODO: Consider replacing RVL and RV3 with 5-turn 3214W-1-102E
b= | Pin Hdr 01x04 to make it easier to dial in voltage rails more precisely.
A cu7 PANEL GND 4 |
220uF
PANEL_GND HL
MountingHole_Pad GS_:I-O:I-_PWR rev 201
H2 Input: £15V 4A (60W) DC
MountingHole_Pad Output: Linear requlated £12VDC, 48W (3A @ +12V, 1A @ -12V)
TP TP7 TP19 TP16 "
1 1 1 i
VIN PWR_FLAG . . J © Vec+ Vee— MountingHole_Pad | Sheet: /
TestPointTestPointTestPointTestPoint
D H4 File: 65-101-PWR v2.kicad_sch
MountingHole_Pad
¢ Title:
TestPoint TestPoint Size: A4 [ Date: Rev: 2.1
PWR_FLAG GND GND -
GND P2 s KiCad E.D.A. 8.0.8 1d: 1/6
1 [ 2 | 3 [ 4 I 5 I




1 [ 2 [ 3 [ 4 [ 5 [
Indicator LEDs draw from input power
via PMQS transistors, enabled by
FLT or PG pulled low by either eFuse.
VIN
w05 B
1k5 FLT 1 Q1 PG 1 Q2
BSS84 BSS84
D27 M g
ovio R9 R11
Q7 1k5 1k5
BSS138 D11 D12
PWR_FLAG EN pulled high during FAULT PGOGD
overvoltage condition
viNpYIN ¢ ¢
D9 GND GND GND
SK24
GND Nominal Vin 14.5-15.0V
Overvoltage fault > 15.8V
~N Total nominal IIN <= 4.0A
I eFuse lset = 4.12, lim = 5.3
——— R3 Ihardfault = 8.2A
= < 50 c3 o Latch—off on fault
v 100nF 10k
P VIN > 15.8V - u2
s Lyt P o TPS2421-1 Vour = V.
3k3 - our = VIN — 200
o u1 Caps 50V X7R 3 5 (RDS(ON, max) = 509 lout = 4.0A) HE vout
[ ©| LM211DR HEI VIN vouT DVOUT
Ve 7 GND EN, N L FOT D10 Lo L ca
E — SK24 4.7uF T 4.7uF
07 bs ch 5 st po8—F
1N52338 6.0V LN52338 6.0V wF T 6
' (EN voltage protect) 2 S cT GND GND GND
GND R7 [C] a 5
GND 29k4 1% -+ o 10F
e é CGND Cer = 1uF
A RsET = 29.h4k: GND £
OVLO detect circuit: Fault threshold 6.1A Fault trip time 40ms
R11/R10 sets +ve in @ 6V if VIN > 15.75V Hard limit 7.8—10.0A CT reset time 885ms
+ve > —ve pulls EN to 3.7V+ and shuts off eFuse. : :
(Zener err means OVLO triggers @ 15.80—16.45V)
At VIN=15.0V, +ve = 5.58V and EN
pulls to GND thru LM211 (VL -= 0.1v).
SW1 shorts +ve to VIN and disables eFuse
for momentary reset.
C2 (10nF) softens reaction time to require
overvoltage transient to last > ~500uSec (< 2 kHz)
efFuse protection
UVLO, OVLO, current limiting
Sheet: /eFuse Protection/
File: eFuse.kicad_sch
Title:
Size: A4 [ Date: Rev:
KiCad E.D.A. 8.0.8 Id: 2/6
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Attach heat sink Assmann WSW MPN V6560QY to T0-220 LM1085

HS1
V6560Y

D13
SK24
Vdropout = 1.5V
fo = 2BkHz. Q=0.50 & ~
Inductor 3A min JU\; VIN (min) = 13.5V
1 PWR_FLAG
LM1085-ADJ
56uH JTP—TI l@
15VIND AR 12V_LDOIN T _L 3 VI Vo 2 $12V0ut
14,5V nominal _L €9 I+ 3
7 R12 10uF 25V 2 e D14 R13 otz
470nF I 10R PW v-| SK24 120R )@ o5 22uF 20V
A s POS_ADJ T Ny
2.2uF GND ;L €10 R14 GND
22uF 20V
4TOR o
GND o BC557
GND 1k c11 Soft start (12V @ -105ms)

4.7uF Alt: 1QuF = 200ms
~22uF Caps inhibits 60Hz ripple :
1/(2760CAD)) < R1

Xc_ap) should almost equal R1 (120)  GND

GND

laps = 50uA, VRer = 1.25V, Rrop = 120R
Vout = 12V = VRer(1 + ReoTTOM/RTOP) + |ADJ RBOTTOM

12 = 1.25 + 1.25 Rb / 120 + 55e—6 Rp
10.75 = Rb (1.25/120 + 55e-6)
ReotToM = 1027 Ghms, nominal

+12V regulator, 3A

Sheet: /+12V regulator/
File: regl2v.kicad_sch

Title:

Size: A4 [ Date: Rev:

KiCad E.D.A. 8.0.8 Id: 3/6
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LM3478 Start delay —

Connects to FA/SD through

sw freq resistor.

V(/R_FA) < 7V (abs max)

Calculated tdelay 13ms
R19 (Measured tg = 22ms)
100k

D16
1N52338 6.0V

15VIN
D28
IN4148 N

GND GND LM3478—based fsw=0.86MHz Cuk converter for —13.5V
Duty cyc. = =Vout / (Vin — Vout) = 47%
Ripple = 14.3V/(2*56uH)*(0.47)*1/0.86MHz = +70mA GND
fo=41 kHz. Q=0.69 It = D/(1-D) * Iz = D/(1-D) * lout ' lout, min = 70mA (to ensure CCM)
(for Rioap = 10Q) 14,5V no load I = 887mA o 8 L+ cug e 025 PWR_FLAG lout, max = 1A
16,52V nominal L2H R22§2?/2w )E 14.3V at 1A L3H Iz = 1.00A = L4 22uF 20V T 22uF 20V T IN4148 EH (nominal Vout: —13V ~ —13.5V)
LsvnpdSVIN_ 85K cuk PREFILTER — CUK_SW_PWR 56u CUK_SW1 ) ||—Cukswz 56uH SVinverted
€20
D17 D29
C1h R18 100nF X7R 50V 3
2700 10R PV 000F | oeg: 100nF Ut e ol o me = 1974 7 'sK2s . INVPWR
. |1 close to ViNwzL78MA o e l l l i3
1155ur oND 8, - = GND €27 c29 L c30 c31 €32 1k5
GND ) B = 126V 15°|PF T 7uF T 47uF T w7eF T4
RFA — 7lchcp 83 CUK_FB (1 262-1.284V) 1; ~13.500V
OND | c16 L c17 c18 c1g  R22 = R25  R25 [ [ [TpT3 z R30 & Cour lhws = 1.45A
15k 2 S 1 120R 120R | op-amp HF pole GND
'|‘t.7uTt.7uth.7ur'|'t. @ 12k

to inductor, not VIN GND fload pole <= 168 Hz

Maunt 4.7uF caps close GND 10Ok Ricad = 13 Ohm (1A @ 13V)
1

(=)
=z
J7uF COMP ° 9 ISEN target /10 Fsw
c21 o= c23 26 (86kHz here)
X7R 50V L7nF 1nF 060 1W uss R32 Cload = 4x4.7uF + 4buF + 10uF
c22 LM358BA

(
1.34A (LM347B eq. 38
162mV (LM3478 fig. 7 1of
L typ = 92mV (LM3478
= Reen = 60 M0 (LM3478 eq. 48

Ctant. = 54uF (incl. 10uF on next sheet)
ESR Ohm

10k GND fesk = 1.47 kHz

RFA = 4.503x1011 x fgw-1.26 Rrop = 7857Q (13V), 9429Q (13.5V)

fsw = 860kHz => Rfa = 15kQ Voclo = 250mV min (343mV typg (nominal) Vib ovmoltage protection @ 1.31V (1.26V + 50mV)
Switch FET: = Isc = 4.17A min (5.72A typ trim tar% Vout aup = 1,31 ® (9.4 + 334)//(336) * 100k/12k
FET RDS. on = 20mQ 1.06kQ (13V), 2.61kQ (13.5V) Vout. ovp = 14

VFET DS > VIN + |Vour| w. > 30V. Optional phase lead compensation

IFET, max > Isw, p 6ND 7 6 0kHe
PFET = 425mW (LM3478 eq. 28, 29) fo = 21.7kHz fRHPZ = 1/(27) sqrt((4 — D) / (Lt * Ceuk)) (slvafi7 eq. 8)
Type Il Compensation: fRHPz = 10.4 khz
AR‘;i =299“: dB (SNVA4D5A, eq. 18) Sim results
RF2 = 33k
Ro = 47.5 kQ (LM3478 spec) Bode plot: (
- feo = 3.4 kHz Actual test results
Set comp zero to 500 Hz (2x load pole) - phase margin 85° indicate fco ~10kHz.)
Cct = 47nF - gain margin 27 dB
gg; T CCM at lout > 68mA
(via TI Power Designer 5) Qutput ripple @ 100mA load: 20 mVpp
See also Tl reference design PMP30487
(Low noise —36V 50W Cuk converter via LM5022)
PWR_FLAG H
NTL —13V, 1A Inverting Cuk regulator
15vIN NetTie-2 gpa pwR
OPA_PWR _L RV2 allows operation in —12.7V to —14V.
€25 | Select lowest Vout that allows LDO to operate.
100nF + Empirical testing suggests —13.25V is a good target.

>

“Ivssepa | Sheet: /15V to —13.5V inverter/

>

File: cuk_inverter.kicad_sch

i Title:

Size: A4 [ Date: Rev:
GND Termination: sloa277b §7.2. GND KiCad EDA 8.0.8 Id: 4/6

PWR_FLAG R41
100K

CUK_SW_PWR|
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1 | 2 | 3 | 4 |
GND
R36
240R
NEG_ADJ [
D26
GND GND D19 g R37 IN4148  Slow start (—12V @ ~105ms)
GND SK24 1k5 GND GND Q6
2140 Qhms BC547
NI |_‘ RV3 typ.
€33 _|+ E 2 3 €35 | 1% C36 |+ D20
10uF 25V T oz Q| 1onF 22uF 20VT SK24 )E
Vinverted D> 3 IN out 5 ¢ D -12V0ut
-13.5V nominal line voltage u6 CFF = 10nF ~12.0V nominal load voltage
LM2991
~ fZFF = 1/Ez1r * 2140 * 10nF) = 7.4 k
B fP.pF = 1/(2m * (2140||240) * 10nF) 74 kHz CLOAD = 4x47QuF || 22uf, ESR@100kHZ = 45mOhm
SDK12§“ Rdropout = 600mGhm (0.6V dropout @ 1A)
1P, load = 1/(270.645*1900uF) = 129 Hz
f2, load = 1/(2m0.045*1900uF) = 1.86 kHz

cE
V-1100-SMD/A

Vdropout = 0.6V (typ), 1V (max)
Attach heat sink Assmann WSW MPN V-1100-SMD/A over TO-263 LM2991

—-12V regulator, 1A

Sheet: /—-12V regulator/
File: reg—12v.kicad_sch

Title:

Size: A4 [ Date: Rev:

KiCad E.D.A. 8.0.8 Id: 5/6
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o

=

12vINDYECH

—12VINDYEE~

Module—level bulk decaupling.
Electrolytic caps 25V min.

Vee+

J_ c37 J_ Cc39 J_ C41 J_ C43
T 470uF T 470uF T 470uF T 470uF

J_csa J_cz.o J_cuz J_cuz. J7
T 470uF T 4700F TS T0UF TR UT00F i

Vee—

Anti—latch—up protection
& Pwr—good LEDs
Vee+

R38 Bench test header pin I/0s

Power distributed to other PCBs/modules
thru Molex MicroFit 3.0 3-pin c'tor
MPN 043650-0316

Mates with Molex F——F 3—pin cable assy

MPN 2147502032 (300mm)
or MPN 2147502033 (600mm)

Molex—MicroFit_43650-0316
Veec+

Molex—MicroFit_43650-0316
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3650-0316

3650-0316

3650-0316

To 12V 22mA case fan.

Mfr: Sunon

MPN: HA60251V4-1000U-A99

IPN: 100534

via Molex SL 2-pin c’tor
Vec+ (assy GS—CABLE—INT-SIGNAL)

2

J2
1 0

Molex SL 2-pin

GND

1k2 Vee+
A DNosos
D23 .
coos )
Pin Hdr 01x02
R39
£ 022 1k2 1023
GND IN4148 D24 ! 2 1 [Pin Hdr 01x02
. GOOD- 1 Sheet: /Output hookup/
~ ST ]2t File: output.kicad_sch
Vee— GND Pin Hdr 01x02
Title:
Size: A4 [ Date: Rev:
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