1 2 3 4 5 6
Part2 Partl Part13 Part4
p21 [ —— [ — — C—
E—— D-Sub 3pin POWER Connector JACK SOCKET KIT, .31" LENGTH CIR BRKR THRM 5A 240VAC 60VDC Quick Connect Female 18-22AWG Fully Insulated 0.250inch
maiggt?_c't\lgom 16-18 AWG CPC Connector MDVS44-ND 486-2384-ND A27817CT-ND +15v POWER LEDS FRONT PANEL
P3 P2 Part14 D13
— C—— 1 ) Top LED
I%I Contact Crimp Non-Gendered 18-24 AWG Gold 3 Position Receptacle 0.156" (3.96mm) Quick Connect Female 18-22AWG Fully Insulated 0.250inch R51 1 ' I 2
4 Position Circular Connector Receptacle for Male Contacts Free Hanging (In-Line) 23-0008560105CT-ND WM2112-ND AZIBL7CT-ND e 10K GNP
A1351-ND P22 P24 L.
i Y ; Y Quick Connect Female 18-22AWG Fully Insulated 0.250inch GND 3 4 R 15
P20 Contact Crimp Non-Gendered 18-24 AWG Gold Contact Crimp Non-Gendered 18-24 AWG Gold A27817CT-ND ' |_ 10K -
4 Position Circular Connector Receptacle for Female Contacts Panel Mount, Flange 23-0008560105CT-ND 23-0008560105CT-ND Part6 BOUFED
A1360-ND NOTE: C_— _ Stacked LED
» . . L. Quick Connect Female 18-22AWG Fully Insulated 0.250inch
Part3 For Testing set Relay jumper in position 2-3. A27817CT-ND
I i For DAC control set jumper in position 1-2.
Socket Contact Gold Crimp 16-18 AWG Stamped DR1 Jump P \oltage Regulator
A16080CT-ND F Voltage Regulator.SchDoc P4
DiffRec.SchDoc P1 —
i 3 Position Receptacle 0.156" (3.96mm)
Jl/\ L L InP ouT [ 1 +18 WM2112-ND
o1 | > InN 2 GND P5
[ 3 -18 —
GND @ 2 TEST PATH Relay Contact Crimp Non-Gendered 18-24 AWG Gold
T Pl DR2 Relay.SchDoc Header 3H 23-0008560105CT-ND
10 P DiffRec.SchDoc VOLTAGE REGULATOR P25
o—8& — P > IN_DIFF_REC .
11 ® P ouT [ . IN_DAC CTRL ouT [} Contact Crimp Non-Gendered 18-24 AWG Gold
PS 9 X > InN = - 23-0008560105CT-ND
o~ RELAY ACTUATION RELAY P26
~ —
DB9 Male DR3 LowPassFilter OPAMP_SUM DifferentialDriver Contact Crimp Non-Gendered 18-24 AWG Gold
P DAC Input DiffRec.SchDoc LowPassFilter.SchDoc OPAMP_SUM.SchDoc DifferentialDriver.SchDoc P6 23-0008560105CT-ND
g??%tgg’é E(_):6r(i)nlw(|;)5l(\;EJI_n;\i;l:t)endered 18-24 AWG Gold S Inp — RELAY_IN outP ouTP 1
a : OUT [ >—— >IN ouT i >IN GNDI—‘ 2
P28 S InN ouT I > LPF_IN OutN OUTN 3 P6
— .
Contact Crimp Non-Gendered 18-24 AWG Gold MAIN HEATER PATH DAC NOISE FILTER SUMMING NODE DIFFERENTIAL DRIVER Header 3H Heater Driver MARCHAND AMPLIFIER
23-0008560105CT-ND
OutP NONINV_RIGHT
P9 p7 to PM21-A MARCHAND AMPLIFIER
Contact Crimp Non-Gendered 18-24 AWG Gold BNC GND GND_RIGHT, GND_LEFT, INV_LEFT, INV_RIGHT
23-0008560105CT-ND
e ) +Voltage OutN NONINV_LEFT
P10 HDPR_V_DifferentialDriver P29 P30
3 Position Receptacle 0.156" (3.96mm) RitfereniaIDriveeschibos Pin Contact Gold 16-18 AWG CPC Connector %It Gold 16-18 AWG CPC C ;
WM2112-ND GND A1340CT-ND In Contact Go = onnector
>IN OutP A1340CT-ND
) HoPRal OutN — P19
. . . i -
MACHINE SCREW PAN PHILLIPS 6-32 Heater DriverCircuit.SchDoc — Fin Contact Gold 16-18 AWG CPC Connector oy Contact Gold 16-18 AWG CPC Connector
36-9904-ND > In Panel +Vmon [ A HDPR_I_DifferentialDriver B A1340CT-ND
- DifferentialDriver.SchDoc
P40 V_Mon(ADC) 1,V Monitors
—— i
MACHINE SCREW PAN PHILLIPS 6-32 I_Mon(ADC) — IN OutP
36-9904-ND - 1o
Heater ity 5 1° Part15
P41 e} J3 — )
—| 2 o 11 IGND I Socket Contact Gold Crimp 16-18 AWG Stamped
MACHINE SCREW PAN PHILLIPS 6-32 P11 7 ' Housing CNC 4P A16080CT-ND
36-9904-ND R P8 3 Ol 1 | A1357-ND
P42 ! To Heater +IN L g 1 ° IGND Part16
e 2 ———{GND 1 HDNR_V_Differential Driver 7 o) — )
MACHINE SCREW PAN PHILLIPS 6-32 3 2 GND DifferentialDriver.SchDoc ) O Socket Contact Gold Crimp 16-18 AWG Stamped
36-9904-ND i 3 o O A16080CT-ND
s Header 3H 1 To Heater -IN SN utP 5l bartl?
— OutN — : C_——
HEX NUT 5/16" STEEL 6-32 Header 4H DBY Female I,V Monitors Socket Contact Gold Crimp 16-18 AWG Stamped
36-9602-ND ADC Output L A16080CT-ND
P44 ¥OLD3NNOD 2dd OL HDNR_I_DifferentialDriver P Positive Rail (+18v/+24v) , Part12
e DifferentialDriver SchDoc 1,6 Out_P, Out_N +V \oltage Monitor (ADC) Ei—
HEX NUT 5/16" STEEL 6-32 HDNRail : 2,7 Out_P, Out_N +I Current Monitor (ADC) Socket Contact Gold Crimp 16-18 AWG Stamped
36-9602-ND HeaterDriverCircuit.SchDoc SN OutP ) _ A16080CT-ND
P45 Mestip OutN P12 Negative Rail (-18v/-24v) )
I— BNC 3,8 Out_P, Out_N -V Voltage Monitor (ADC) Part10
HEX NUT 5/16" STEEL 6-32 V_Mon(ADC) 4,9  Out_P, Out_N -l Current Monitor (ADC) ——
36-9602-ND - ° -Voltage Black Connector Backshell, Cable Clamp 5/8-24 UNEF 11
1_Mon(ADC) A32515-ND
P46 L In -
C—2
HEX NUT 5/16" STEEL 6-32 Panel_+Vmon i Part11
36-9602-ND P32 4 Position Circular Connector Plug for Female Contacts Free Hanging (In-Ling)
isi ificati ian: P17 A1300-ND
Revision and Modifications on Prototype design: mm N ey o 300
23-0008560105CT-ND 4 Position Receptacle Natural 0.156" (3.96mm) P33
L ”T'“a' Release. . P34 ;Allgll2124 ND Contact Crimp Non-Gendered 18-24 AWG Gold
2. Fix label from J1 and J5 connectors to reflect the new front panel designs. C—— — 23-0008560105CT-ND
Adjusted current and voltage gain to allow better performance off Beckhoff ADC (EL3104). Contact Crimp Non-Gendered 18-24 AWG Gold Contact Crimp Non-Gendered 18-24 AWG Gold -
R32 has changed from 46.4Kohms to 2.61Kohms, 23-0008560105CT-ND 23-0008560105CT-ND Last Edited: 7/8/2025
R43 has changed from 23.2KOhms to 4.99Kohms. Title . '(—:L?i%;?gfigii‘iﬁe of Technolo w
3.Due to the new Altium version (v18). It was decided to bring this pcb to version v3. Internal Layers GND, +15v, -15v Heater Driver YR R g o Techgglogy LI GO\
were replaced by Power Planes GND, +15v and -15v. Also, P6 connection to Marchand PM21 is now on stereo connection e B . D1600454 . 3 . ) Date: 7/8/2025
to allow a dynamic range of DAC input from 0-10v. Sl ‘ 2E (e ‘ IR ‘ EnpIEE L S Time: 4:54:23 PM
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Input Protection

Overall Gain = 1from InP-InN to Out
Ex. 10V battery across input = 7.5V from Out to GND

-15 +15
— N
DualDiode D1 U1B
GND . LT1125CS R1
O—=<30 7 3.01K
o N 6 AN\N—2
{—
R2 DualDiode D2 R3
100K OHM 2.26K
R4 -
R5
VAYAY ulc
0 Ohm el LT1125CS
R6 12
24.1kHz Pole —=—=c1 10 ouT
3.3nF NL 11
R7
1k R8
[
R9
oohm o 2.26K
+15|—<._| LF 1GND NN %1
— o~ <| U1A
. LT1125CS R11
GND DualDiode D3 1 3.01K R9,R3 were changed from 3.01K
>D NN/ to a 2.26K to lower gain.
lvinputat TP1is 0.75v
D4 . 10v input at TP1 is 7.5v
DualDiode - i?':
o~ — -15|—0—| I—'GND
+15 -15
uUlb
LT1125CS
GND}—24] 1 The 24.1kHz RC filter is there to cut high
15 > Input Protection frequency noise to prevent slew rate limiting.
“ Overall gain is 1 such that 10 volts peak from DAC
yields 10v wrt ground at output
Last Edited: 7/3/2025
Title LIGO Laboratory Q¢
i 1 i California Institute of Technology d\
Differential Receiver Massachusetts Institute of Technology LIG
Size: A DCC Number: D1600454 Revision: 3 Engineer: L.Sanchez .I??r:g_ Z‘.IET%SPM
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1 2 3 4
Vin = +18v
RCoil = 1.31Kohm
@12v
R12 #NAME? * Vin )/ 12v) - RCoil
R12 = 6550hm
@9v
R12 #NAME? * Vin )/ 9v) - RCoil
R12 =13100hm
+18
Z113CT-ND
R12 Turn On Voltage (Max) =9.6VDC
;1.3Kohm 5W Turn Off Voltage(Min) = 1.2VDC
D5 SE20AFJ-M3/6AGICT-ND
—K——
R13 R14
R15
0 Ohm > + e o Ohm
GNDF—A—% NC  NC ———A"\—1GND
7 S1 S2 3 ouT
NO NO 0 Ohm
| IN_DIFF_REC —¢ T T TP R16
Part7 © TP3
2 Position Shunt Connector 0.100" (2.54mm) Gold O
S9001-ND TP4
SE20AFJ-M3/6 AGICT-ND - -
D6
" R17
1 2 N u2
|_IN_DAC _CTRL 3 ﬁ 1 MMBT2222ALT1GOSCT-ND
S1011EC-03-ND
NPN
R18
IRelay 9.1mA
3.9K
V Relay 12VvDC SND
T8 P Relay 100mw
R Relay 1.31Kohm
10v-Vdiode-Vbe=8.9v
B transistor = 100
Ib=Ic/B = 0.0091/100
R17=8.9v/0.000091=97.8Kohm
. with a 3.9K at R17
Relay Testing |_R17 =8.9v/3.9K = 2.28mA
Place a jumper between pin 1 and 2 at header H1 for DAC Citrl.
For testing set a jumper between pin 2 and 3.
Last Edited: 7/3/2025
Title Ll(f(f) Laboratory et LI Q¢
California Institute of Technology d\
Relay Massachusetts Institute of Technology G
i . icinn: : . ; Date: 7/8/2025
Size: A | DCC Number: D1600454 Revision: 3 Engineer: L.Sdnchez Time: 4:54-24 PM
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R1=R2,C1=C2
@10Hz
3.9uF 39.2K

@30Hz
3.9uF 39.2K

@60Hz
3.9uF 39.2K

@100Hz
3.9uF 39.2K

fc=1.04107Hz

Pole(s)
[p| = 1.04107Hz

1 2 3
1Hz LPF Stage 1 1Hz LPF Stage 2
3.9uF 3.9uF
c5
|1
I
.15 C10 .15 Cl1
0_| 1uF GND 0—| 1uF GND
U3
R19
39.2K 8, OP27GSz R21
39.2K
TP5 ouT
> TP6
c7
GND "_| “enp
+15 GND +15

OUTPUT VOLT NOISE
DAC NOISE(300nV/vVHz)

SINE(5v,1KHz)
@ TP6
7.007nV/VHz

2.817nV/NHz

2.42nV/\Hz

2.35nV/\Hz

@ TP6
7.007nV/VHz

2.817nV/VHz

2.425nV/VHz

2.35nV/VHz

\olt Noise at TP6 from a sin signal

uuuuuuu

16nV/Hz

Filter transfer function

a0

-120°

-160°

AS0ABA -4 4--Hi-FHE b

S e R 2000

-240°

-260°

GnV/H //
Hz 10Hz 100Hz 1KHz 10KH LT -
Volt Noise at TP6 from a DAC Slgnal 1mHz 10mHz. 100mHz. 1Hz 10Hz 10( 1KHz 10KHz 100KHz
vionoise):
fmar] U= |
| Hor: [ 10Hz Ver:[7.0073813nV/Hasa|
\ et Vioroise) ‘ i
Horz: | 1KHz Vert: p.3025235nV/Hz a ||
_Hzi“ll‘"‘”z VB‘;EI:?] Vert }4.7D4BS7EHV/H1% -
- Siope: [ 752390012 |
™
1Hz 10H: 100H: 1KHz 10KH: LaSt Edited 7/8/2025
Title LIG_O La_boratqry L | G ¢
Low Pass Filter California Institute of Technology d\
Massachusetts Institute of Technology
. , P - : Date. 7/8/2025
Size: A | DCC Number: D1600454 Revision: 3 Engineer: L.Sdnchez Time: 4:54-24 PM
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1 2 4
R23
10K
C12
2 WF
0—| GND
R24
RELAY IN 3
10K ~ =
LPF IN ANANAN
10K 6 OP27GSZ 9 ouUT
TP7
8
GND
C13
1uF
0—| GND
15
Last Edited: 7/3/2025
Title LIGO Laboratory Q¢
California Institute of Technology d\
OP AMP SUM Massachusetts Institute of Technology L I G
Size: A DCC Number: D1600454 Revision: 3 Engineer: L.Sdnchez ?ﬁﬁ:- ZlgfgispM
\Heater\HeaterDrivenOPAMP_SUM.SchDoc Sheet5 of 8
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R26
4.99K
S cug
|&|GND
R27
4.99K UBA R28
M 1ADgsr2 | @ 0onm
b "NANA— OutP >
TP8
Gl Is actually OutN due to inverter.
1uF GND
' -15
R29
W4.99K
uéB
R30
4.99K BT R31
—ANN— 7 Q 0 Ohm
¢
TP9
END Is actually OutP due to inverter.
Typical LIGO differential driver circuit for the
monitor signals.
Last Edited: 7/3/2025
Title Ll(f(f) Laboratory et LI Q¢
i i I California Institute of Technology d\
Differential Driver Massachusetts Institute of Technology G
. ) N . . Date: 7/8/2025
Size: A | DCC Number: D1600454 Revision: 3 Engineer: L.Sanchez Time: 4:54-24 PM
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1 2 3 4
ADG620
. . - C16 Gain:
Differential Amplifier GND 1uF .. 15 5%2”( G=(49.4Kohm / RG) + 1
GND|—| I—o ' RG=49.4Kohm / (G-1)
R33 Gain RG(Ohms) Gain RG(ohms)
100K
P20 ~—| o AD620BRZ 20 2.6K 19.92 2.61K
\Va R34 3 U7 10 5.49K
[ In ANN—e + 6 Q | 5 12.35K
R35 100K 2| ST I_Mon(ADC) 2 49.4K
0.1R
< n
Vb R36 TP11 TP10 DAC  Load(mA)
[ )
1 2 100K R37 —{GND +145v  +48v  £75v  5v 0.40
1 AMP AT o 100K i:ullz +3v +0.96v +0.775v  1v 0.08
F1303CT-ND F1303CT-ND 0_| GND
F1303CT-ND €1
1AMP 1 -15
GND
Whitening Filter 1st Stage T g%g?n: Whitening Filter 2nd Stage T 6C%3?1F
Heater S — ] I I
R38 R39
ANN— ¢ NN
23.2K 23.2K
1%?3?( P23.2KBCCT-ND . 5'§4K1 P23.2KBCCT-ND
OUTPUT VOLT NOISE TPllO-ﬂ ' +15 C20 ' +15 Cc21
@10Hz @ TP12 - 1 1uF
158K 23.2K 10uF 6.8nF 24.98nV/\Hz 10UF 0—| GND c22 GND
@30Hz R4z €23 N 10Uk
158K 23.2K 10pF 6.8nF 20.40nV/VHz 10K 5 usg
U9 OP27GSZ ‘
@60H2 GND 6  OPIIGSZ GND S -1V Mon(ADC)
1.58K 23.2K 10uF6.8nF  19.21nV/VHz TP13
@100Hz
1.58K 23.2K 10pF 6.8nF 18.715nV/VHz R43
4.99K
GND
Pole (s) Zero(s) RA4
Ip1|=10.05Hz Iz1}= 0.6Hz RS AA AL
GND 0 Ohm
[p2|=1.007KHz |z2|=15.8KHz
GND
R42 = 10K R43 =4.99K
DC gain =0.3333 = 1/3
Transfer Function Whitening Filter 8%’37682 Q gégjhm
g \olt Noise at TP12 from a sin signal S AN Panel_+Vmon
Cannot open file ]
C:\Users\Public\Documents\Altium\Project ~ Cannot open file ) ]
s\HeaterDriver\HD 2 Stage Whitening C:\Users\Public\Documents\Altium\Projects\
Filter.PNG. File does not exist. HeaterDriver\Heater driver Noise pch.PNG.
File does not exist. GND
Last Edited: 7/3/2025
Title LIGO Laboratory Q¢
1 i i California Institute of Technology d\
Heater Driver Circuit Massachusetts Institute of Technology LIG
P . i : . ; Date: 7/8/2025
Size: A | DCC Number: D1600454 Revision: 3 Engineer: L.Sdnchez Time: 4:54-24 PM
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P_LED12
I

LED GREEN 1/4" HOLE PANEL MOUNT

L10005-ND

TP20 TP21 TP22 TP23

GND GND GND GND

P_LED13
I

L10005-ND

Part8

—
Heat Sink TO-220 Aluminum Board Level

AE10852-ND

S1BB-FDICT-ND

LED GREEN 1/4" HOLE PANEL MOUNT

D10 protects againts C44 (input shorts)
D9 protects againts C43 (output shorts)

Vout = 1.25v (1 + R56 / R57 ) + R56 *(- ladj )

ladj = 50E-6Amp

P16

—

2 Position Receptacle 0.156" (3.96mm)
A24111-ND

P15

1
2 Position Receptacle 0.156" (3.96mm)
A24111-ND

P35

—
Contact Crimp Non-Gendered 18-24 AWG Gold

23-0008560105CT-ND
P36

I—
Contact Crimp Non-Gendered 18-24 AWG Gold

23-0008560105CT-ND
P37

—
Contact Crimp Non-Gendered 18-24 AWG Gold

23-0008560105CT-ND
P38

L1 D7 protects againts C40 (input shorts) E—
N D8 protects againts C42 (output shorts) Contact Crimp Non-Gendered 18-24 AWG Gold
23-0008560105CT-ND
Vout = 1.25v (1 + R55/R54 ) + R55 * ladj
LM317TNS/NOPB-ND
P15 U1l ladj = 50E-6Amp
+18—o— 3 Vin _Vout —2 ’ ’ Y |+15
3 a7 T+cpg  TPI6
249 T 10uF50v
D8
R53 - P249BCCT-NRL_ 5B FDICT-ND
10K
P13 ——C29
1uF -
10uF 50v
GND|—» 2 2.74K __
A31676-ND
+18v POWER LEDS REAR PANEL _L’“ C31 1+ c32 1L
R49 GND GND
1.33K 10pF 50v m 10pF 50v
P14
GNDf—— 1
2 ——C33 T D10
R54 A31676.ND 1uF S1BB-FDICT-ND 011
10K — R50
TP18 _ E;SgBCCT-ND
Q g Q
18— é 2 vin Svour 2 . . 6 |-15
TP19
u12
LM337TNS/NOPB-ND
D12
N
|
S1BB-FDICT-ND
Part9
1
Heat Sink TO-220 Aluminum Board Level
AE10852-ND
Last Edited: 7/3/2025
Title LIGO Laboratory Q¢
California Institute of Technology d\
VOItage Regulator Massachusetts Institute of Technology L I G
P . i : . ; Date: 7/8/2025
Size: A | DCC Number: D1600454 Revision: 3 Engineer: L.Sdnchez Time: 45424 PM
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4775 (mil

‘ HEATER DRIVER n N N P13
Q00 oriver Hr D1600454-v3 .y oN
MARCHAND AMPLIFIER B ]
/ TP21 MARCHAND P16
P11 GND AMPLIFIER 5
. _ . Al = C26_HDPRail 2
.N. F1_noNRen ON 02[6.__I-10N2a11 N FI.R. +U_MON el ai T
HO — i ° ¥ .——.F2 " P “:’
— ~ — — ~ - 4 ]
& 2 D 9 ax -
L|_|| .- lw | - l‘-l’ '9 o
* GND = o 4 < -
= - - =
TRZ2 A D
o Al 0 > o
Y | Rr3s O1r35 =3
I | - .
| 7p20_ ioN31 HDNRa 1 _..-_2 [ = | P20 _opr=3L HDPR I : _.Z y ) §
o | =3 i D - - -
O ~ = 0_| O ~ R40
= AT i1 = 9 i1 9% )
be) () = 9 > >
Ol @ R32JNRET" ) o e c =
o A - ‘g T = ail ol & LI_IJ TS aich
= am=/E Y . Alcl = L I
n n n n g ”_ﬁ Q== lEE g > =1 - -t
Q! U7I ail® U$_H _HDN I u7_T| ai _H _fDPRail
5 S 't ¥ o b g p 5 AT & PO _HELI
P = 5 2 2 1 2R Sgon o X JONS G BhiING . z T
7 L 2 E’_no%’ oy Z —u H=/5 R —_ N\ & T
A& CL7_HDRBaliNeSi1= © = 5 WoNRai L22 HiNG C17.] BRayf TPIR 2R —HRRaDk_pRL o -0t TP1_ORE
0 — 1 35 !
] —tli ¢4 RDR o 0 1]+ ¢ & P o
P8 = SISy 3 n !%_ b1 0 K
o P C15_ rerfiSiB =1 e\ 4 l J < T
T [ TS [ - 0 D3_| Hap|| MINC2_D %
ml .| n "ﬁ aF: - ia 1L 1% |
< PN e ) (o =X 17 “MR5_DROL | g R5_0kP!1 |2
] b — _ I o — IO (] ] | X <&
LN B0 i R 3 i TH \ =
P23 L , ! 1 ! — - _ D2_ g ml
GND N - i t; AR i I X, Al Dpkyer o g
\ oo a8 = (4 N\
NEGATIVE—T—0 @ POSITIVE e 14 ‘10‘016 bl . 18V - o3 . .‘\
ORIVE ® O v ® O ke MONITOR R'5'1 = \AC INPUT
MONITOR . MONITOR To ADC R52
2000 (mil» - ve . , - 3815 (mil) - 4285 (mil) -
3915 (pil)—><—1285 (mil)-— 1005 (mil)—=><=——-1000 (mil)—> ) <1430 (mil)—mm™> 3165 (mil)
3450 (mil) > < <1225 (mil> . 1170 (mil)—>
> < 175 (mil) 3815 (mil>
245 (mild <650 (mil)>

11550 (mil>
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