
64 kHZ  

16 kHZ

4 kHZ

ANALOG

2 kHZ

Sensing Function

ADC
ct/V

LSC-DARM_IN1

CAL-DARM-ERR_WHITEN

LF1DA1

CAL-CS_LINE_EXC

SUS-ETMY_L3_CAL_LINE_EXC

A Control FiltersActuation Function

C

D

OMC
PD B

DRVR
L1*

DRVR
L2*

DRVR
L3*

AA
(A)

16-64
AI(D)

IOP
15

IOP
15

IOP
15

DAC
45

DAC
V/ct

DAC
V/ct

DAC
V/ct

AI
(A)

AI
(A)

AI
(A)

OPT
GAIN

DTD
61

DW
2 CAL-DARM_CTRL_WHITEN

CAL-CS_DARM_DELTAL_CTRL_L1_WHITEN

CAL-CS_DARM_DELTAL_CTRL_L2_WHITEN

CAL-CS_DARM_DELTAL_CTRL_L3_WHITEN

CAL-CS_DARM_DELTAL_CTRL_SUM_WHITEN

CAL-CS_DARM_RESIDUAL_WHITENDW
3

DW
4

SUS-ETMY_L3_CAL_LINE_OUT

DA2

DCS-CALIB_STRAIN

CAL-CS_DARM_DELTAL_EXTERNAL_WHITEN

CAL-CS_LINE_OUT

CAL-PCALY_EXC CAL-PCALY_EXC_OUT

DW
4

DTD
61

LEGEND

LF3

TIME DELAY/ADVANCE 

DIGITAL WHITENING

ANALOG WHITENING

ANTI-IMAGING (ANALOG)

KAPPA CORRECTION

SUSPENSION 

ANALOG/DIGITAL CONVERTER

ACTUATION AT DC

READ-BACK CHANNEL

aLIGO CALIBRATION SCHEME
COIL/ESD DRIVER

LF3

CAL-PCALX_EXC

CAL-PCALX_EXC_OUT

LF3

L2
N/ct

7 CLK
DEALY

DW
4

GDS-CALIB_STRAIN

SUS
L1-L3LF2 LF1LF3

DTD
61

CC
POLE

CAL-CS

GDS

PCAL

DTD
61

64-16
AA(D)

DW
1

G1501518- v11   Dec 14, 2016

DAC
45

DAC
45

CAL-PCALX_TXPD

CAL-PCALX_RXPD

CAL-PCALY_RXPD

CAL-PCALY_TXPD

ATD
13

CC
POLE-1

ATD
13

ADC
ct/V

OMC
PD A

AA
(A)

64-16
AA(D)

LF2LF3

LF3

LF1LF2LF3 SUS
L1-L3

FULL ACTUATION FILTER

FULL INVERSE SENSING FILTER

OPT
GAIN

CC
POLE

Pcal X TxPD (m)

Pcal Y RxPD (m)

Pcal Y TxPD (m)

Pcal X RxPD (m)

DCSDW
3

2-16
AA(D)

LF2 SUS
L2-L3

DC 
m/NLINDA3

DAC
V/ct

16-64
AI(D)

16-64
AI(D)

DAC
V/ct

16-64
AI(D)

16-64
AI(D)

TIA2
V/A

ADC
ct/V

AA
(A)

DC
V/ct

TPDX
N/V

SUS
NORM

DC 
m/N

PCALX
TXPD

TIA2
V/A

ADC
ct/V

AA
(A)

DC
V/ct

RPDX
N/V

SUS
NORM

DC 
m/N

PCALX
RXPD

TIA2
V/A

ADC
ct/V

AA
(A)

DC
V/ct

RPDY
N/V

SUS
NORM

DC 
m/N

PCALY 
RXPD

TIA2
V/A

ADC
ct/V

AA
(A)

DC
V/ct

TPDY
N/V

SUS
NORM

DC
m/N

PCALY
TXPD

64-16
AA(D)

64-16
AA(D)

64-16
AA(D)

64-16
AA(D)

2-16
AI(D)

-1

IOP
15

DAC
45

AI
(A)

IOP
15

DAC
45

AI
(A)

AOM

OPT
GAIN

RESIDUAL INVERSE SENSING FILTERDARM LOOP

1/L

1/L

LIN
K_TST
CORR

K_PU
CORR

SUS
L1-L3

SUS
L2-L3

SUS
L3-L3

DRVR
L1

DRVR
L2

DRVR
L3

SUS
L2-L3

SUS
L3-L3

K_PU
CORR

K_TST
CORR

16-4
AA(D)

16-4
AA(D)

16-4
AA(D)

4-2
AA(D)DA1 L1

N/ct
DC 

m/N

DA3

DA2

DA1

16-64
AI(D)

16-64
AI(D)

16-64
AI(D)

L1
N/ct

L2
N/ct

L3
N/ct

DC 
m/N

DC 
m/N

DC 
m/N

AI
(A)

AI
(A)

AI
(A)

AI
(A)

16-64
AI(D)

DW
4

DW
1

DA3

DA2 LF2

OFS

AOMOFS

DW
4

DW
4

4-2
AA(D)

4-2
AA(D)

DC 
m/N

DRVR
L1

DRVR
L2

DRVR
L3

L3
N/ct

SUS
L3-L3

ACTUATION

TIA_A
V/A

TIA_B
V/A

W_A
(A)

W_B
(A)

TIA_A
*

TIA_B
*

W_A*
(A)

W_B*
(A)

D

PARTIAL INVERSE SENSING

LIN

DRVR
L1*

DRVR
L2*

DRVR
L3

DRVR
L1

DRVR
L2

DRVR
L3

ANTI-ALIASING (ANALOG)

ANTI-ALIASING (DIGITAL)

COUPLED-CAVITY POLE

OPTICAL GAIN

TRANSIMPEDANCE AMP

DRIVE ALIGN

SUPER-NYQUIST OMC POLES

IIR FILTER WARPING

LOCK FILTER

NORMALIZED SUSPENSION*f^2

OPTICAL FOLLOWER SERVO

ACOUSTO-OPTIC MODULATOR

CORRECTED READOUT

EXCITATION CHANNEL

TD

DW DW

AI(A)

TA

AW AW

AI(A)

DRVR DRVR

K_PU
CORR

K_C
CORR

K_TST
CORR

SUS
L2-L3

SUS
L1-L3

SUS
L3-L3

AA
(A)

AA
(A)

64-16
AA (D)

64-16
AA (D)

OPT
GAIN

CC
POLE

CC
POLE

OPT
GAIN

LF1LF2LF3

DC 
m/N

DC
V/ct

DA3DA1 DA2

TIA TIA

HF
OMC

IIR
WARP

ADC
ct/V

DAC
V/ct

OFS

AOM

SUS
NORM

PDPHOTO-DIODE

64-16
AA (D)

64-16
AA (D)

64-16
AA(D)

64-16
AA (D)

DW
5

DW
5

DW
5

DW
5

AA
(A)

AA
(A)

AA
(A)

AA
(A)

OFFLINE CORRECTION

DRVR
L1

DRVR
L2

DRVR
L3

DRVR
L1*

DRVR
L2*

DRVR
L3*

DRVR
L1

DRVR
L2

DRVR
L3

ANTI-IMAGING (DIGITAL) 2-16
AI(D)

2-16
AI(D)

TPDX
N/V

RPDX
N/V

RPDY
N/V

TPDY
N/V

L1
N/ct

L2
N/ct

L3
N/ctACTUATION COEFFICIENT

PCAL ACTUATION COEFFICIENT

CTS-VOLT CONVERSION

LIGHT

SIGNAL 

1 The blocks with white letter are inverse of it counterparts in blocks with black letters
* Partial correction (when full correction is not possible)

Filter / 
Delay

Inverse
Filter / 

Advance

IIR
WARP

RESIDUAL ACTUATION FILTER

TD
244/228

16-2
AA(D)

DW
2

TD
244/228

#
AI(D)

#
AA(D)UP/DOWN SAMPLING

ROLL 
OFF

16-4
AA(D)

DTD
61

DTD
61

ATA
12

(Light travel time)

(Single pole correction)

ATA
12

(Light
travel time)

(Single pole
correction)

SRC
D-2N

DTD
61

DTD
61

DTD
61

SRC
D-2N

IIR
WARP

ROLL 
OFF

ATA
13

ATD
12

AA
(A)

64-16
AA(D)

HF
OMC

Sens
sign

TIA_A
V/A

TIA_B
V/A

W_A
(A)

W_B
(A)

TIA_A
*

TIA_B
*

W_A*
(A)

W_B*
(A)

1/2

1/2

IIR
WARP

1/K_C

DTA
61

IOP
15

DAC
45

DTD
61

DTD
61

DTA
61

SRC
D-2N

ATA
13

ATD
12

AA
(A)

64-16
AA(D)

HF
OMC

Sens
sign

TIA_A
V/A

TIA_B
V/A

W_A
(A)

W_B
(A)

TIA_A
*

TIA_B
*

W_A*
(A)

W_B*
(A)

1/2

1/2

1/K_C

HF
OMC

HF
OMC

HF
OMC

DTA
61

(Super-nyquist poles
from transimpedence

amplifier and whitening.
Front end compensation 
corrects for all except

these poles.)

?TD?
61/45

DTA
61


