R GHT_FI RST

DAC CLK

DAC _DATA

ADC11_DATA

ADC10_DATA

ADC9_DATA

ADC3_DATA

ADC7_DATA

ADCG6_DATA

DATAL1M

DATAL1P

DATALOM

DATAL0P

DATAOM

DATA9P

DATASM

DATASP

DATA7M

DATA7P

DATA6M

80

79

78

77

76
75
74
73
72

68
67
66
65

71
70
64
63
62

1

DATA6M

DATAGP

\TAGP

LE DI SCM

GHT_FI RST

LE DI SCP

E_DI SOM

HE DI SCM

E DI SCP
- DI SOM

HE DI SCP

CALI B_STRBM

- DI SCP

CALI B_STRBP

© o [N |Jo o | |0 M |-

| B_STRBM

GRESETM

[
o

| B_STRBP
SETM

GRESETP

[
[N

SETP

DAQ CLKM

[
N

DAQ CLKP

[
w

Q CLKM

avom

[N
~

Q CLKP

avoP

[
(&)

START ACQM

[N
o

START _ACCP

[
~

ART_ACQM

D Bl AS

[
[e)

ART_ACQP

DATAOP

[
©

) BI AS
TAOP

DATAOM

N
o

\TAOM

DATALP

DATA7

\TALP

DATAT7M

\TALM

DATASF

\TA2P

DATASM:

\TA2M

DATAOI
DATA9N
DATALOF
DATALON:
DATALLF
DATALLN:
DAC_DAT/
DAC_CLK

ADCG_DAT/
ADC7_DAT/
ADC3_DAT/
ADCO_DAT/
ADC10_DAT/
ADCl11_DAT/

DAC_NCS
ADDR3
ADDR2
CAL_NDATAIM
CAL_NDATAIP
CAL_NDATAOM
CAL_NDATAOP

GCRC CH P CAL_CLKM
VERSI ON 5 A
CAL_NOVDM
CAL_NOMVDP
CAL_NTREGHEM
CAL_NTREGHEP
CAL_NTREQLEM
CAL_NTREQLEP
CAL_NRESETM
CAL_NRESETP
ADDRL
ADDRO
DAC DATA I N

ADC3_DATA

\TA3P
\TASM
\TA4P
\TAAM
\TASP
\TASM
Bl AS

ADCO_DATA
ADCL_DATA
ADC2_DATA
ADC4_DATA
ADCS_DATA
ADC_CLK

CQADC_NCS

| 60

59

58

1],

57

56

55

54

53

52

51

50

49

48

47

46

45

44

EEERRREREEERRRIRI

43

ADDRL

DESCR! PTI ON

42

ADDRO

41

DAC DATA IN

21

DATAIM

22

DATA2P

23

DATA2M

24

DATA3P

25
26
27
28
29
30
31
32
3
A
5
6
37
8
39
40

DATA3M

DATA4P

DATAAM

DATASP

DATASM

R Bl AS

ADCO_DATA

ADC1_DATA

ADC2_DATA

ADC3_DATA

ADCA_DATA

ADC5_DATA

ADC NCS

ADC CLK

Note: See Appendix, Page 61, for VHDL code

GCRC_TOP
3- 6- 2003_10: 06

STANFORD LI NEAR ACCELERATCR CENTER

U S. DEPARTMENT OF ENERGY
STANFORD UNI VERSI TY

STANFORD, CALI FCRNI A

SHEET

1

G- 60
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DATE APPROVALS
ENGR Jim Anpe - NRL 4/ 5/ 04
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ENGR
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sandora
Note:  See Appendix, Page 61, for VHDL code     


DATA6M —— OATAG DATAG
DATAGP T AGP
DAC DATA IN C DATA I N DAC DATALI N DAC DATA IN C
LE DI SOM E D SoM LE NDI SC LE NDI SC
LE DI SCP -
HE_DI SOM o soM HENDI SC HE_NDI SC
HE_ DI SCP b P
DATAOP TAOP DATAO DATAQ
DATAOM TAOM
DATALP TALP DATAL DATAL
DATALM TAIM
DATA2P S DATAD DATA2
DATAZM TAOM
DATA3P TA3P DATAS DATA3
DATA3M TABM
DATA4P AP DATAL DATA4
DATA4M TAM
DATASP T ASP DATAS DATAS
DATASM TABM
ADCD_DATA ADCD_DATA ADCD_DATA ADCD_DATA C
ADCL DATA ADCL_DATA ADCL_DATA G ADCL DATA C
ADC2_DATA ADC2_DATA ADC2_DATA. ADC2_DATA C
ADC3_DATA hocs. pATA ADC3_DATA. ADC3_DATA C
ADCA_DATA Dot DATA ADGA_DATA. ADCA_DATA C
ADCS_DATA ADCS,_DATA ADCS_DATA G ADC5_DATA C
ADDRO A\ODRO ACORO_d ADDRO_C
ADDRL e ADORLd ADDRL C
R GHT_FI RST GHT_FI RST R GHT. [ RST. RIGHT FIRST C
CAL_NRESETP CAL_NRESETP CAL_NRESET CAL_NRESET
CAL_NRESETM NRESETM
CAL_NOVDP NP CAL_NOVD CAL NOWVD
CAL_NCVDM NOVOM
CAL_ QKP CAL_CLKP CAL_CLK_T CAL QKT
CAL CLKM KM
ADDR? DR AOR2_d ADDR2_C
ADDR3 ADDR3 ADDRS_Q ADDR3_C
ADCL1 DATA ADC11 DATA ADCL1_DATA G ADCL1 DATA C
ADCLO_DATA ADC10_DATA ADCLO_DATA, ADCLO_DATA C
ADCO_DATA ADCO_DATA ADCO_DATA ADCO_DATA C
ADC8_DATA ADCB_DATA ADCB_DATA ADC8_DATA C
ADC7_DATA ADCT_DATA ADCT_DATA G ADC7_DATA C
ADCS_DATA ADCS_DATA ADCE_DATA ADCE_DATA C
DATALLM TALLM DATALL DATALL
DATAL1P TALLP
DATALOM TALOM DATALO DATAL0
DATALOP TALOP
DATAIM TAOM DATAS DATA9
DATAQP T AOP
DATASM TABM DATAS DATA8
DATABP T ABP
DATA7M TATM DATA DATA?
DATA7P TATP
VOR_BI AS WR Bl AS
R Bl AS R Bl AS
VDD DVDD
P SET , sET GO DG\D
N_SET -
CAL 0K T

DESCR! PTI ON DFTR CHKR APPV DATE
CORE CLOCK u ADDRO_C ADDRO_C
BUFFER uADDRL C ADDRL_C CAL_NTREQLE CAL_NTREQLE
pAOOR2 C ADDR2_C CAL_NTREQHE CAL_NTREQHE
pAOOR3 C ADDR3_C CAL_NDATAD CAL_NDATAO
o CAL_NRESET NRESET CAL_NDATAL CAL_NDATAL
<63 uCAL_NCVD CAL_NCVD DAQ CLK DAQ OLK
o CAL_OLK K Ak 0 CCRE_CLK 79 AL QK D oD
pRGT FIRSTC GHT_FIRST_C GRESET GRESET
p—D0_DATA C ADCD_DATA C START_ACQ START_AQQ
» /DCL DATA G ADC1_DATA C CALI B_STRB CALIE STRE ACRC QUTPUTS
uADC2_DATA C ADC2_DATA_C ADC_NCS_C ADC NCS C B
o ADC3_DATA C ADC3_DATA_C ADCOLK_C ADC CLK C o CALIB STRB CALI B_STRE AL B_STREN CALI B_STRBM
o ADCA_DATA C ADCA DATA.C DA NCS. C DAC NCS C CALI B_STRES CALI B_STRBP
pDC5_DATA C ADC5_DATA C DAC CLK C DACAKC p—CRESET GRESET GRESETM: CRESETM
uADCE_DATA C ADOS_DATA C DAC_DATA C DAC DATA C GRESETY GRESETP
uADC7_DATA C ADC7_DATA C u DAQCAK DAQ CLK DAQ_CLKA DAQ OLKM
uADCB_DATA C ADCS_DATA_C DAQ CLK DAQ OLKP
uADCO DATA C ADCO_DATA C 0 o VDM oM
o ADCLO_DATA C ADC10_DATA C aoe
uADCLL DATA C ADCL1_DATA C u—START_ACQ START_ACQ START_ACQM: START_ACQM
LE NDI SC START ACQP
. E NDI SC START_A(
o HE_NDISC . NDSC o ADC NCS C ADGNGS, C ADC ADC_NCS
uDATAO TAO AL CAKC ADC_CLK_C ADC_CLH ADC GLK
uDATAL TAL u—CAL NTREQLE CAL_NTREQLE CAL_NTREQLES CAL_NTREQLEP
o DATA a2 AL NTREQLEN CAL_NTREQLEM
o DATA3 A3 o CAL_NTREQHE CAL_NTREGHE CAL_NTREGHE CAL_NTREQHEP
o DATA4 - AL NTREGHEN CAL_NTREQHEM
uDATAS TAS n—CAL_NDATAD CAL_NDATAQ CAL_NDATAO! CAL_NDATAOP
uDATAG TAG CAL_NDATAOM CAL_NDATAOM
uDATA7 TA7 n—CAL_NDATAL CAL_NDATAL CAL_NDATALI CAL_NDATAIP
pDATAS TA8 CAL_NDATALM CAL_NDATAIM
o DATA A9 o DAC NCS C DAC.NCS.C DAC.| DAC NCS
uDATALD TALO DPCAKC DAC CLK_C DAC_CLK DAC OK
u DATALL TALL uDAC DATA C DAC_DATA C DAC_DAT/ DAC DATA
nDPCDATAINC C DATA IN C u D BIAS ) BI AS ovodl DVDD
SERVO Bl AS DG\D
NOCCREPLOT = ERVO Bl AS peNy
u—VNOM NAL V_NCM NAL
Bl ASES and
u D BIAS ) BI AS WR Bl AS WR BI AS =
uRBIAS Bl AS SERVO Bl AS SERVO BI AS =
V_NOM NAL V_NOM NAL =
A | ouT = DvDD P_SET P_SET a
DG\D N_SET
BUFA-Duf 4 = N_SET =
A NGO
BUFA-Duf 4
A NGO
BUFA-Duf 4
A NG CAL CLK
i
BUFA-Duf 4
A NGO
BUFA-Duf 4
A [N_OUT
|
BUFA-Duf 4
A NGO
BUFA-Duf 4
A NGO
BUFA-Duf 4
A NGO
GCRC _VERS
BUFA-Duf 4
3- 6- 2003 _10: 05
STANFORD LI NEAR ACCELERATOR CENTER SHEET 60
U S. DEPARTMENT OF ENERGY
STANFCRD UNI VERS! TY STANFORD, CALI FCRNI A
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DATE APPROVALS
ENGR JimAme - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04
VERSI ON 5
Mark Freytag - SLAC 4/ 5/ 04
ENGR
Mark Freytag - SLAC 4/ 5/ 04
— LAT- DS- 03519- 50
CHKR




LVDS TRANSM TTERS

DAQ ALK YT
o

GRESET GRESET
START_ACQ ART_ACO
CALI B STRB | B_STRE
CAL_NTREQHE CAL_NTREGHE
CAL_NTREQLE NTREQLE
CAL_NDATAD CAL_NDATAO
CAL_NDATAL NDATAL
D BIAS Bl AS
SERVO BI AS ;R\/O Bl AS
V_NCM NAL V. NO\/I_NAL

DAQ CLKP
DAQ CLKM
ovoP
VDM
GRESETP
GRESETM
START_ACQP
START_ACQM
CALI B_STRBP
CALI B_STRBM
CAL_NTREQHEP
CAL_NTREGHEM
CAL_NTREQLEP
CAL_NTREQLEM
CAL_NDATAOP
CAL_NDATAOM
CAL_NDATALP
CAL_NDATAIM

EERERREEE

7_%

padout

7_}%

DAC NCS C DAC NCS

padout
.ADCI\CSC O PAD ADC_NCS
G
.iEQ__}j
DvDD
padout
\%
.ADCCLKC O PAD ADC CLK

.

DO PAD u

-

padout

7_}%

DAC CLK

aDAC AK C

DO PAD u

-

padout

7_F

DAC_DATA

= DAC DATA C

DO PAD u

-

DESCR! PTI ON DFTR

ENGR
APPV

GCRC_QUTPUTS
2-24-2003_11: 36

STANFORD LI NEAR ACCELERATCR CENTER
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STANFORD UNI VERSI TY
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G- 60
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GRANTED SPECI FI C PERM SSI ON OF STANFCRD UNI VERSI TY.

DATE

APPROVALS

ENGR Jim Anpe - NRL 4/ 5/ 04
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ENGR

GCRC CH P

QUTPUT PADS
VERSI ON 5
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50 per colum

A ouT
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BhF I _our
¢ ol
- >OUT_L¢
¢ s
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
[ @
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
[
BUF
A ouT
L
BUF
A ouT
L
BRF I aut
¢ o
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
A ouT
L
BUF
CLK | ®

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

BUF

akK o

BUF

DESCR! PTI ON DFTR

CORE_CLK_BUF
2-24-2003 11: 34

BUF

BUF

STANFORD UNI VERSI TY

STANFORD LI NEAR ACCELERATCR CENTER
U S. DEPARTMENT OF ENERGY

STANFORD, CALI FCRNI A

SHEET

6

G- 60

BUF

PRCOPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT COF
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DATE
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ENGR

JimAme - NRL

4/ 5/ 04

ENGR

D eter Freytag - SLAC
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ENGR

Mark Freytag - SLAC

4/ 5/ 04
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VERSI ON 5
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| vds_pr eset _bi as

G

\
P_SET P_SET =
N_SET] N _SET .
G
. —_—
rcvr_bi as
\
B R Bl AS o
padar ef
G
G
—_—
Il _bias
\
BP D Bl AS o
padar ef
BS SERVO Bl AS a
VN V_NOM NAL -
G
wor _bi as
B WOR Bl AS a
G
—_—
L
\% \%
padvdd padgnd padgnd
G G G
L
—

DESCR! PTI ON DFTR

ENGR
APPV

Bl ASES
3-6-2003_9: 53

STANFORD LI NEAR ACCELERATCR CENTER
U S. DEPARTMENT OF ENERGY
STANFCRD UNI VERSI TY

STANFORD, CALI FCRNI A

SHEET

-

G- 60

PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFCRVATI ON W TH N UNLESS
GRANTED SPECI FI C PERM SSI ON OF STANFCRD UNI VERSI TY.
DATE APPROVALS Bl ASES
ENGR JimAnpe - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5
Mark Freytag - SLAC 4/ 5/ 04
ENGR
Mark Freytag - SLAC 4/ 5/ 04
DFTR
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REV DESCR! PTI ON DFTR

ub%
3
g

Ad 22

Lﬁ
§m>
g

Ad 22

T
i

Ad 22

GCFE_SAVPLED DATA[ 11: 0]

ﬁJ
g

A
B our
20122 ) >o a NX4661
c
NOR2
NOR3
@
A our A our
® Dc A
NOT B
B our
m NX5568
L ot NOR2 -
A <>c out
NOR3
NOT d A aur
| e
]
A our
B aur A el NCR2
c A o
|
D o)
NOX2 -
[)]
AQ 22 NOX2
A DO out
NOT
NX7716 m A ol m NX7606
A DO out
NX7208 w—] Nor o A >0 ar @®—= NX7690
e ® NOT
A
GCFE_ADDR 3: 0] B our Py A | ur
D A ar
C QL | buf 4 ® L 4 >C
NX7216 =— b DFFC NoT
oLK fo:}
Al 22 A auT AR A auTl
NX2038 m l
o D Q | i
)]
e DFFC ® NI
e (K @ A our A our
{4R DO DO A our
CAL CK m ® NOT NaT >c m NX7026
NOT
A Do =l | ®
NX7572 m NoT A >c ar m NX6884
| NOT
NX2008 m |
NX5550 = = NX3359
LA ol
D Q L
NX5554 m ® .
-l
L
ik @ |
NOX2
aR
l m NX7610
@
U GCFE_GCFE_ADDR _FA_REQ 8: 0]
NX3379 m
NX2018 m L = NX3369
-l
L
L ot NOX2
NX5564 m ®
-l
L
NX5560 m ® Mix2
NX7682 m :
A ol
-l
L
NOX2
STANFORD LI NEAR ACCELERATOR CENTER SHEET
U S. DEPARTMENT OF ENERGY
STANFORD UNI VERSI TY STANFORD, CALI FCRNI A
PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W TH N UNLESS
GRANTED SPEC FI C PERM SSI ON OF STANFORD UNI VERSI TY.
DATE APPROVALS
ENGR JimAme - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5
Mark Freytag - SLAC 4/ 5/ 04
ENGR
Mark Freytag - SLAC 4/ 5/ 04
DFTR
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REV DESCR! PTI ON DFTR

NX6936 =
D Q
@
DFFC
A (CLK & a NX6655
B aur CLR
c
NX3728 m ® b ®
ACR2
D Q
NX5978 m A our A .
B
N2 = T A our o— K & = \X6611
U_READOUT ADC_DATA TRANS = c ar
NOT
2 a U READOUT RANGE BI T_TRANS
U_READCUT_ADC_DATA TRANS BEG N m
AQ 22
A
A ® ®
NX4568 m D Q B ur A ar B T a NX6663
DFFC ® c
c B
l oLk ® NOR3
NOR3 NAND2
R
NX4540 m p Q A aur
prFC 5 o a NX3999
CAL 0K m— @ [OK B A NANDD
R B
NX6932 = R
NAND4
@
NX7968 = | A ouT
B ) >o CAL_NDATAQ
NX6761 m—o ] o
U_READOUT_DATA BUFFERO[ 1]m A aur X o
| . B o a NX4842
NX7294 m NAND2 NANDR
A aur
NX7256 = l B )

a NX7310
NX7306 = ® A\[>C ar ®
NOT

A
B our
c m NX4772
D

ADC5_DATA C

NX4252 =

U_READOUT_GCFE_CLK_ENV2 -—,

S

a NX3969

GCFE_SAVPLED DATA[ 11: 0]

-l
L
NOX2
A
B
c
ADCD_DATA C A
D
B out
AQl 22 c a NX6620
NX7282 = A DC aout ° D
NOT
A wr AQl 22
Dc ®
NOT
A
ADC1_DATA C
B out
c a NX6634
ADC3_DATA C
D
[
AQl 22
A
B out
c a NX6627
ADC2_DATA C
D
AQl 22
A
B out
c a NX6641
ADCA_DATA C
D
o—
AQl 22
a NX7286
STANFORD LI NEAR ACCELERATOR CENTER SHEET
U S. DEPARTMENT OF ENERGY
STANFORD UNI VERSI TY STANFORD, CALI FCRNI A
PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFCRVATI ON W THI N UNLESS
GRANTED SPECI FI C PERM SSI ON OF STANFCRD UNI VERSI TY.
DATE APPROVALS
ENGR JimAme - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5
Mark Freytag - SLAC 4/ 5/ 04
ENGR
Mark Freytag - SLAC 4/ 5/ 04
— LAT- DS- 03519- 50
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REV DESCR! PTI ON DFTR

g

O | |>

éow>
'a

2
@3
g

i
T3
B

A aur NOR2
1 CLR
A aur B O m
3
! NOR2
NAND?
A
A aur | B
® l DFFC
NX7972 m B ° c
o A ar R ® (CLK & ® a NX5870
A
B ol aRr
NANDA
NX5892 m NANDD l
| [
VOXZ
. @—= NX5845
J
@
1
A aur A ) Q
o—— B aur
B ® DFFC
NAND2 c (CLK & a NX4169_XXO_XREP29
NOR3 R
A aut A a K Q
A aur DFFC
B ) pe
B
o % > n [ (K &
NOR2 A OUT NOX2 CLR
| S
NX7154 m NoR2
A aur
A aur A aur
B
B ® B
NAND?
NOR2 NAND2 D Q
s I - a NX5848
CAL_OK m ® (CLK &
- A T NX6902
CLR "
A\[>(> aur NOT
NoT ; - U_DAC_DAC Bl T_COUNT[ 4: 0]
NX7576 m ® A ar
5 | = NX5888
NAND?
A aur
@
s )

NX7152 m A\[>O ar NoR2
NOT

NX5431 =

NX5437 -—, NoR2
GFE ODBIT = A\[>O ar a NX7364
NOT

NX5162 =

& NX7156

NX5422 =

A
B
c
NX4839 -—, NOR3
NX7372 = A >c ar m NX6798
NOT

NX7969 = A >c ar a NX7628
NOT

NX2702 m A
B ) NX5639
NX2694 -—, NoR2

NX1044

STANFORD LI NEAR ACCELERATCR CENTER SHEET
U S. DEPARTMENT COF ENERGY
STANFCRD UNI VERSI TY STANFCRD, CALI FORNI A
PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFCRVATI ON W TH N UNLESS

GRANTED SPECI FI C PERM SSI ON OF STANFCRD UNI VERSI TY.
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ENGR JimAnpe - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5

Mark Freytag - SLAC 4/ 5/ 04
ENGR

Mark Freytag - SLAC 4/ 5/ 04
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DESCR! PTI ON DFTR CHKR APPV DATE
ol
-l
L
REG DATA | N[ 14: 0]
NX7738 m ®
A ol
B
-l
L
> COW_TI ME_REG 7: 0]
D Q
DFFSEU
NX7114 = o— K B
A ol
D Q
o DFFSEU
L
NX7522 m Mix2 (CLK B L
NX3276 m A our A
5 )
B our
NOR2
c A ol
NOR3
D Q
-l
A aur m DFEC
) A NOX2
B oLK o]
B our
NOR2 aR
C
NOR3
A our A ol
B ) >0—\ D Q
A
NOR2 y DFFC = NX6201
B o QT m
AL aK - NOX2 ® oLK fo:}
aRr m NX6191
NOR3
NX6780 m A
® ¢ o—
B
A
ar A aur c NX3414
B @
B D
XOR2
NOR2 NAND4
D
A our ¢ A auTl | © ® m NX6211
) !
) ® oLK fo:}
NOR2 o ar U_ADC_COUNTER] 7: 4]
NX7524 Mix2
a NX6221
A
B ): our
NX7234 = D Q
C
NARDS DFFC
oLK
A Tt @& @
A our aR
NX7232 m B ’. A T
B
T— NOR2 NOT
NX3258 NAND2
A\[>O ar a NX6914
A our NOT
B j
NAND2 A our
NX7580 m ﬂ
NOR2
STANFORD LI NEAR ACCELERATOR CENTER SHEET 60
U S. DEPARTMENT OF ENERGY
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ENGR JimAme - NRL 4/ 5/ 04
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Mark Freytag - SLAC 4/ 5/ 04
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REV DESCR! PTI ON DFTR

D Q

DFFC

ICLK o]
AR

NX6922 m ®

o 0O |m [>
>

A aur NAND4 A | ouT
5 }—Q NAND2 | a NX7998
buf 4

A aur
A ar w a NX2269
o A au
B
NOR2
NAND?
-l
NX3824 m %
MUX2 l @—a NX7262
5 o U_READOUT_ADC_BI T_OOUNTI 4: 0]
A A aur DFFC
® B ): aur B Jo ® lcLK @ |
c NAND? QR
NARDS
A au
D Q
1 DFFC
L
A | ouT MUX2 ® ICLK @B |

X A T
Dc ®
CAL_CK = NOT

D Q
@
NX6920 -J DFFC
A aur ® LK s |
NX7268 = B ) >c ar
NOR2
A au
NX7997 = ® A
B ar A ar ] a NX7540
VOXZ
ADC s & A aur ¢ 2 T
NANDS A
NOT B )) > NAND2 >c ® a NX7534
NOT
XCR2
A >c out
® NOT
@
A aur
———— A aur
NX3772 = o—°- A ar 5 o a NX6414
NAND? B )O
® NANCR
NAND?
A aur T
A aur A aur B A aur
BUF
B NOT NOR2 B T
ADO our NOR2 NAND2 m NX6295
NOT ® ®
@
NX6419 m
| A aur ADO aur A ot
A aur B )C NOT B )O = NX6676
B )O NAND? NAND?
NX5978 m NAND2 A our a NX6269
| B
| ® NoR2 NX7278
A aur
A aut
B A @
NOT
NX7532 NOR2 B
c a NX7528
NX6317 m D
NX7266
NANDA A ouT
® A ar |
B )O B
A aur

NX7256 =
B ) o NAND2 a NX3778

NOR2
NX7622 -_I A ot A ot
A 5 )o— 5 b m NX6400
B QT
NX7999 m ) pe NANDZ NANDZ
C
NX7546 -J NOR3 Py | a NX3796
A
26
NX7SZ6 ® B T o a NX6271
c
NX7272 m A our ¢ N
8 ) Po——————
o280 .J o a NX3848
STANFORD LI NEAR ACCELERATOR CENTER SHEET
U S. DEPARTMENT OF ENERGY
STANFORD UNI VERSI TY STANFCRD, CALI FORNI A
PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFCRVATI ON W TH N UNLESS

GRANTED SPECI FI C PERM SSI ON OF STANFCRD UNI VERSI TY.

DATE APPROVALS

ENGR JimAnpe - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5

Mark Freytag - SLAC 4/ 5/ 04
ENGR

Mark Freytag - SLAC 4/ 5/ 04
DFTR

LAT- DS- 03519- 50

CHKR



DESCR! PTI ON DFTR CHKR APPV DATE
U_DAC_CLK_COUNT OJm A or
B ) a NX942
NX7154 m NoR2
A d ADC ar @—= NX6810
B NOT
NAND2 A
B
out
c )
NX4875 m D |
NCR4
NX7686 = A
A out
B
B
c
NCR2
D A out
NAND4 B )O A out A out
a @211
NX7354 m NAND2 B ) B ) >
NAND2 NCR2
NX6788 m
A out
B m NX2209
NX2215 m
NCR2
NX4879 m
A
NX6800 m B ar a NX2165
c
NX6816 m NOR3
A
NX7080
s L
out
c ) a NX742
NX7046 m
o>
NX4881 m NOR4
A
DQJT
B A out A
NX7676 m >c T
XOR2 NOT %)
ADDR2_C XNOR2
A
A B
ﬁ T
ADDR3_C B c
XOR2 D A
NAND4 B - A out
out
A c ) B a NX4860
out
ADO out A or B Dﬁ D NCR2
" = E XNCR2 NCR4 @ ——= NX6814
ADDRL_C XCR2 ADO our ADO aur
NOT NOT
A
® out
s )
XNOR2
A
out
5 ) A o
ADO our XOR2 B
NOT l NCR2 R ol
ADDRO_C ®
-l
L
CAL_OK m 5 Mix2
DFFC
NX6840 m
ALK @—= NX6808
aRr
5 N A T ® m NX7758
NX194 m A L \or
5 DFFC
1 ICLK B
o — A out
N2 aRr
NOT
L
@
@
NX7756
A out
A auTl P Q L ¢ DO
! NOT
DFFC
d ICLK B
e ar m NX7062
NX4399 m A\[>O ar A >(> T ® a NX7378
NOT NOT
NX7374 m A >c out
NOT
A out
—BL>O A >c ar a NX7380
NCR2 NOT
A out A
NX6956 m Dc ur
NOT B )
XNOR2
STANFORD LI NEAR ACCELERATOR CENTER SHEET 60
U S. DEPARTMENT OF ENERGY
STANFCRD UNI VERSI TY STANFCRD, CALI FORNI A
PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P
ENERGY. RECI Pl ENT SHALL NOT PUBLI SH THE | NFORMATI N W TH N UNLESS
GRANTED SPEC FI C PERM SSI ON OF STANFCRD UNI VERSI TY.
DATE APPROVALS
ENGR JimAme - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5
Mark Freytag - SLAC 4/ 5/ 04
ENGR
Mark Freytag - SLAC 4/ 5/ 04
DFTR

LAT- DS- 03519- 50



LAT- DS- 03519- 50

DESCR! PTI ON DFTR CHKR APPV DATE
NX296 m A our
B m NX4492
X300 m A our NOR2
B
NCR2
A @ = NX7208
= out
C A <>0 a NX2038
NOT
D
AQ 22
@ —=n NX7216
A
2 out
c A a NX2018
NX6796 m NOT
D
AQ 22
A
NX7072 m B
c A<>o ar a NX2008
NX7606 m b NoT
AQl 22
A >o our
GOFE_ADIR 3: 0] A Dc ar l Nor
NOT
NX7204 A >c ar
NOT
NX7212 A Dc ar ®
NOT
A
TEM OVD_DATA MEB m B A OU——— = NX3339
o— A DO out
c
NX7330 = ADO our I > NOT .
NOT 4 NI
AQI 22
a NX7716
A
B
A ar A OU——— = NX3349
NX7080 m ¢ NOT
D 1
L
N2
AQ 22
A DO out
NOT
A
B
A out
c
NX6822 m NOT
D
A 22
A D Q
A >c our DFFC
NoT o (CLK & a NX6888
N2 aRr
NX7712 = A >c ar m NX7572
NOT
A ar ) GOFE_GOFE_ADDR_FA_REC 8: 0]
CAL_CK = NOT
A OU——— = NX3379
NX7630 = A >c out ®
NOT
-l
L
[)]
N2
ADO aut a NX7714
NOT
STANFORD LI NEAR ACCELERATOR CENTER SHEET 60
U S. DEPARTMENT OF ENERGY
STANFCRD UNI VERSI TY STANFORD, CALI FCRNI A
PROPRI ETARY DATA OF STANFCRD UNI VERSI TY AND/ CR U.S. DEPARTMENT CF GCRC CH P
ENERGY. RECI Pl ENT SHALL NOT PUBLI SH THE | NFORMATI N W TH N UNLESS
GRANTED SPEC FI C PERM SSI ON OF STANFCRD UNI VERSI TY.
DATE APPROVALS
ENGR JimAme - NRL 4/ 5/ 04
ENGR D eter Freytag - SLAC 4/ 5/ 04 VERS' G\l 5
Mark Freytag - SLAC 4/ 5/ 04
ENGR
Mark Freytag - SLAC 4/ 5/ 04
DFTR



D
DFFC
lcLK A<>O out
R NOT
@
NX7698 m
CAL_OK m ® 5
DFFC
LKk L = NX6123
R
NX6912 m l T_- NX7702
A aur
T o) s
NOR2
a NX7704
NX2257
- L = nX7991
QR
a NX6057
NX6914 m
A
A aur
NX3530 m
B o B aur NX2251
c
NGLLS = NAND? NARDS
NX3450 m
A
NGOL3 m A aur B ): aur
B c
. e
NX6027 NAND2
NX2275 m
A aur
NX2243 = B
NOR2
NX6073 m A
B
NX7987 m c
D
X947 m AQl 22 A out
oy .
B
B @
NX7514 m
NAND?
A
B
c
D
@
AQ 22
U_READOUT_CURRENT_STATE] 1]m A\[>O T a NX7508
NOT
NX3442 m A r
5 )

NX7988 I—,

U READCUT_COUNTER] 7: 2]

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44

SHEET 8 COF 51




A
B our o U CALI B_CALI B_OOUNTER] 6: 0]
DFFC
c
oLk
NOR3
| ar
out A out
o) »—e[ ) >
NOR2 NOR2
D
A out
. ) D 2 Frec
B out oLk
NOR2
c ar
NOR3
A out
[ S
) >
NOR2
A A
D
aur B aur aur B aut
® DFFC
c B c
NARLS oLk
NAND2 NOR2 NOR3
aRr
NX6928 m I
A out A out
Dc ® D
NOT B
DFFC
NOR2
oLk
4 ar
A out
B @,
NOR2
A A out
oJT T
N . p - :
ﬂ XCR2 NAND? DFFC
NAND2
NOR2 oLk
A out A ar
) > : ar
NOR2 c
NOR3
CALIB STRB = o
A out A out
Dc prFC
NOT B ) oLk
NOR2 ar
A r—————
B ot
c D
NOR3 DFFC
CAL 0K m cLK
ar

NX6930 =

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44
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NX4263

NX7380

NX6900

NX7472

NX4301

NX6952

NX7626

NX6896

NX2920

NX5811

NX6834

NX7060

NX7668

NX6848

NX510

NX7566

NX2926

NX6902

A (e¥))
BD

A

XNOR2

A

XCR2

NX500

B D—-)OUT NX2215
5 D—-)OUT NX4881

@—= NX4290

NOT

o

XCR2

a NX7730

m NX6860

) O

XCR2

m NX4295

XNOR2

& NX5182

U CENTRAL_TRI G REG STER] 2: 0]

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44

SHEET 10 OF 51

F




NX746 =

A out
B ) >o a NX5023
NX612 m—] N,
A
B out
c NX4909
D
A
NX7102 = B Tt AQ 22
c
D
AQ 22
A out
B J
NX1672 = A ar
NAND2
B
NAND2 A
NX4967 = ® | 5 ar a0
A c :
NARLS
NX7985 —
A ): ot
B T C
NX7108 m—@ c
b A auTl
NX1664 m—] A aur
AQ 22 ): _.
B L
NXT722 = NANDD
DAC_DATA REQ 14: 0] -
A
B out
NX7984 m ¢
D
NX7090
- ® a2 A a
NX7182 =—@ A ur .
L
B )O NI
NAND2
A aur A ol
A
B
B out |
NAND2 A
c NI
D
D Q
AQ 22 DFFC
(CLK & NX5367
ar
A
B out
NX7986 =— c
b o Q REG DATA | N 14: 0]
NX7106 m DFFC
AQ 22 ® oLk ® 362
NX6868 m ® aR
NX7724 m ®
A auTl
U_CENTRAL_COWMM ERR_REQ 15: 0] A ar —P o Q
A out B 4 DFFC
—2
NX7088 m B ) NAND2 M2 o—°K @& NX5238
NAND2 ar
NX6856 m
D Q
DFFC
CAL_OK m ® (CLK & a NX4949
ar
NX6854 m
U_CENTRAL_LATCHED STATUS ERR = A auTl a NX4009
B
NX4646 = o
NI
NX6562 m

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44 SHEET 11 OF 51
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NX7110 =

EL

NX7196 =

NX7772 =

> SAMPLE_DELAY_REQ 5: 0]

DFFSEU

NX7200 =

NX6354 =

NX6149 =

NX3358

U_ADC_CURRENT_STATE] 1: 0]

|

XNOR2

B DOUT—- NX6144

a NX6776
NX7120 m
a NX5261
D Q
DFFSEU
NX7118 = CLK B m NX5137
NX7706 m
NX6138 m
NX4492 m Q | o UGFEGFEOW
CAL_OK m B L
aR
NX6934 m
U TEM TI MED RESET m >c ar a NX6832
NX7192 m QUT——=  NX2869
m
VO
NX7770 m
NX2579 m o Q - DELAY_REQ 5: 0]
DFFSEU
CLK B m NX5303
A >c Ul = NX6906
NX7578 m NOT
NX2679 m P Q a >0 Ul = NX6912
DFFSEU NOT
NX7122 = CLK B m NX5336
W R gcrc_chip
SCH: gcrc_core
20 Dec 02 17:44 SHEET 12 OF 51
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A ) Q
aur
) B DFFC
NOR2 LK ®
NAND2
CLR
A
B aur
c
A A NOR3
D Q
B B
DFFC
NOR2 NOR2 A
LK ®
B aur O—————
CLR
A [~ OUT c
@
buf 4 NOR3
A
@
A [~ OUT 5
buf 4 NOR2
D Q
NX6894 m oFrC
® LK ®
@ @ aR
A aur
A aur
B
O— B
NOR2
® NAND2
A
)
A
NOR2
aur 5
A A - )[L_. NX2177
B aur B
D
c NOR2
NARDS NAND4
A aur
A N 5
m NX2239
Ltta NOR2
A aur
A e E— < B
B } > aur NAND2
c
@
NOR3 A
K Q aur
B
. m NX5829
c
LK ®
NOR3
ar ®— = NGT5L
A
B ): aut
c
NARDS
A
aur
=)
XNCR2 U_CENTRAL_COUNTER] 4: 0]
A aur
¢ 5 ) > D Q A NG
NXG771 m - | NX7978
NOR2 buf 4
LK ® ®
CAL_CK = CR
NX6896 =
NX6790 m A or
B ) NX2203
NX5639 -J R
o Q | & GFECOWDBIT
DFFC
oLk @ |
CLR
NX7560 = A\[>O ar l m NX6834
NOT
A >c ot m NX6836
NOT
NX7362 m A >c ar m NX6816
NOT
A au
-l
L
VO
NX7756 =
NX4358 = A e
B
NX7378 = \OR2
NX7360 = A or
B ) NX194
NOR2

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44

SHEET 13 OF 51
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®— = NX7456
® A or A aut
s ) Norl|>
XCR2 ® a NX7412
ADC aut ADC aut
@ B I\DTI[:
NANDZ
A
A aut B ): aur A A aut
NX4473 = B DO C B ) T B )o—- NX3559
NANDZ c NANDZ
NANDS
L
NX6968 m ®
A aut
4 8 o————
A aut NANDZ
O
NX2185 m A NAND2
B >: aur A
A aut
NXT710 ADC Sl < ® 5 5 }—- NX3569
T NOT c )5
o NANDZ
A<>(> out )
NOT NAND4
A aut
D :
B
B
NAND2 R )61”_—. NX4545
D
A aut
D ! o
B ®
NANDZ
A A
NX7464
" S DOUT B )O_OUT L = NX4603
c
XCR2 NANDS
[
NX240
4 A out
A aut ) >
B
A aut A aut A aut B 307
Dc Dc ® NOR2
NOT NOT B NANDZ
NANDZ
A aut
O
aut A aut
NANDZ
NOT
A\[>O aut A\[>c aut
NOT A aur \or A
NOT B T | o NK5477
c
A
NOR3
B aur
ADC out I c D m NX4465
NOT NOR3
A aut
NX220 m I 5 }—. NX304
NANDZ
NX7010 m
U GCFE_COUNTER 4: 0]
D Q A >o_._.OUT NX7410
DFFC NOT
CAL_OK m cLK &L ® m NX4593
aR
A
NX6840 m 5l
aut
c NX4935
A\[>c aut
NoT L >
NOR4
® A aut
5 NX4543
NANDZ
A
NX7462 = B DQOUT—- NX2183
c
NANDS
A aut
NX4613
[ 3 2 ) >
NOR2
A
NX4595 m N%,\m
W R gcrc_chip
SCH: gcrc_core
20 Dec 02 17: 44 SHEET 14 OF 51
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a NX4225
A
ot U_TEM RESET_TI MER] 3: 0]
s )
XOR2
NX3194 —@
NX4221 m
CAL_ OK =
A NX7975 m
B
c Dgﬁ—- NX6427 NX7974 m
NX6269 m D
NANDA
out
NX7546 m U READOUT_CLK_COUNT[ 2: 0] 5 Do—. NX4183
NAND2
A out ADC out A out
: - T o A
NOR2 NAND2 NXT190 B
a NX7644 ¢
5 o NX7104 m D
ALK = DFFC Al 22
RANGE_DELAY_REQ 5: 0]
® oLk ®
NX6924 m ar
NX7126 A
NX7262 m —" our 5 A
) [
B > ADC_SAMPLE_DELAY_REQ 5: 0] c 5 P Q
NOR2 DFFC
D Q D c
- WPV . S b o °K & NX5344
A AQ 22 CLR
oLk ®
‘ -
A aut B ouT R AQ 22 REG DATA | N[ 14: 0]
B c A NX6864 m
NCre NCR3 B DOOUT—- NX3772 A ouT
® S NXL690 m o Q
NX6922 m ® 7 DFFC
NI oLk ®
o Q NX7726
A ot - R
4T>07 DFFC
B
NX7266 m
N2 CLK S NX6860 m
® | ar
A NX7498 = A or
A aur 4)} > ar 5 ) NX800
B
@—= NX7999
A\[>O ellP S B ) D NX7480 m NCR2
NOT NAND2 A out
A out
A out 8
NOT
Dc a NX7260 NAND A
NOT
B
NX5050 c )
>0 : '
D
NOT l A ar A ar ® B oJT a NXA166
NX7092 m NANDA
NOT NOT ® c
NANDS A L = NX3029
®— = N622 A
NX5100 m
A NOUT B o
c NI
buf 4 A auTl
NXG119 m D
NANDA
A >c out o
NX7192 w o
NX7280 = NoT Mx2
A NX7728 m
NX7534 m
B out
c ) NX4698 U_CENTRAL_COMM ERR_REQ 15: 0]
NX6676 m
D |
NX7088
NX6678 -J NOR4
o Q | o RESET.OWD
NX7086 rrc
oLk ®
NX3168 m ar
NX6896 m
NX5073 m A
B
c )Ib
NX5095 m D
NANDA
NX7188 m A L a NX2979
-l
L
NI
W R gcrc_chip
SCH: gcrc_core
20 Dec 02 17: 44 SHEET 15 OF 51




A QUT—— u NX4069
NX6627 m A aur A
5 B a NX5988
~ NX6016 =
NAND2 A NOR2
NOX2
NX5997
A ar NX7512
B
NAND2 A QUT—— = NX4079
NX6620 m A ar
B 1
L
A aur NAND2 NOX2
B ) NX6910
NAND2 a NX3934
NX7750 m CAL_OK
A QUT—— = NX4049
NX6641 m A ar
B . NX6009 ® a NX2273
A aur NAND2 A
NOX2
B
NAND2
DAC CLK_C
NX6946 m A ar NX960
B ) NX6750
)
A XNOR2 R
RANGE_DATA_OUT1 ur -
B
YNGR (CLK NX6926
R
A
U_READOUT_PAR TY_RESET = B ) >c a NX6678
A aut 4
| s ) e
NX6686 m A ar
5 N, NX6393
A
NANDZ I =
A au NX4059
NX6271 B m NX4252
U_READCUT_DATA_BUFFER] 5: 0] ~ c
A aur A
oo O . -
NOT NAND2
NX7748 = A ar
A aur
B
NX6634 B
NAND2
A A aur A aur NAND2
RANGE_DATA_OUTO B B B
S XNOR2 NANCR NOR2 Nx4164 A .l
B )O—
) NAND2
DFFC NX3848 A
- A - NX4540
i
ar B D—-)OUT NX6687 NX3796 c
D
XNCR2
NX6942 = U
NX6673
NX4760 = A\[>O ar NX7290 A
NOT
NX3772 B a NX4708
c
NOR3
NX5945 m A ar NX5947
5 NX4270
NAND2 NX6027 A
NX3969 m P m U READOUT GCFE_CLK_ENV2 B our
- c a NX6603
U_READOUT_RANGE_BI T_TRANS
CAL 0K m (CLK 2
R
NX6419 201 22
NX6924 =
W R gcrc_chip
SCH: gcrc_core
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D Q
DFFC
LK B m NX6039
CLR
A A aur
A aur
our B o T B 5 o NX6036
NX7560 = m NX6840 c o
NOT NARLS A NOR2
wr B aur
>c ouT NX2257 A > I
e )
. NOT ® 4 NOR3
GCFE_ADDR( 3: 0] N2
A aur
5 } @—= N\X7240
A aur
auT A au m NX2329 NANDD -’ ot
NX6820 m B B i)_% @——= NX7254_XXO_XREP179
— _ NOR2 D Q |
o) o NCR2 A
NOX2 DFFC
N2259 = B T o K ® A our
| S—
NX7758 m ¢ ar -
NOR3
A aur ®
: ) > o
NOR2 A
D Q
B aur —
A | ouT c DFFC
NX7366 = NX2251 = LK 03]
R W 1: 0] B NS ® a NX6045
CLR
@—= Nx6838 U READCUT_COUNTER] 7: 2]
NX6914 m @ l
@®—= N7370
A aur
auT 5 o———
NAND2
o — A aur
ar NX6079 m
B NX2249
NX7754 = NOR2
NX6794 m U CENTRAL_PARI TY_OUT_RESET
NX7314 = A
B >o aut A out
NX2287
A\[>O ar NCre NoT NX6576 m B ) >
NOT NOR2
aur
NX7374
NOT>O NX6573 = ADO out D Q
NOT DFFC
NX7376
CAL_OK = ® (CLK & a NX6575
U_GCFE_RETURN DATAL[ 7: 0] aRr
I A
NX5732 m B
c NX5689
b NX4438 m o Q | . cAaIBOW
NX4572 m FrC
AQ 22 oLk @ |
NX3629 m o U_GCFE_RETURN DATAQ[ 3: 0] aR
DFFC A our
K m NX6930
CAL_CK = m NX5642 NOT
CLR
T m NX6934
NX6888 m ® A >c out
NOT
NX6832 = A >c ar a NX7584
NOT
A\[>O ar m NX6928
NOT
NX7632 = A\[>O ar m NX7582
NOT
W R gcrc_chip
SCH: gcrc_core
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NX7174 =

NX7144

O[O |m (>

Ad 22

NOT

EL

NX7746 =

NX7176 =

NX7146

EL

NX7744 =

O[O |m (>

Ad 22

§

[ — T

CAL_CK =

NX6878 l—,

A\[>OOJT
NOT

EL

NX3109 =

NX6864 =

DAC_DATA_REG 14: 0]

—— & NX3179

REG DATA_| N[ 14: 0]

>

ADC_SAMPLE_DELAY_RE(Q 5: 0] 1

NX786 =

O O |®

STATUS_REQ 4: 0]

NX776 =

NX7194 =

NX7104 IJ

NX7198 =

NX7102 =

Ad 22

U_TEM RESET_TI MER{ 3: 0] A j‘L
B

O |0 [m >

Ad 22

NX5095

NX5119

a NX7974

Nx4225 I—I

NX6898 m

g

a NX3194

@—= Nx4221

CAL_ CK =

NX4199 =

a NX7975

CONFI G_RE] 2: 0]

NX726 =

U_CENTRAL_DATA REQ STER O]m
NX7108 -J

NX4909 =

Ad 22

g

o O |m >

NX7098 =

EL

NX7722 =

| buf 4

NX6870 =

ADC_CONV_TI ME_REQ 7: 0]

NX812 =

RANGE_DELAY_REF O]m
NX800 -J

DAC_DATA_REQ 3]m

Ad 22

NX7186 =

O[O |m (>

Ad 22

NX5100

sREG DATA | N[ 0]

gcrc_core

W R gcrc_chip

SCH: gcrc_core
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A NX5962 m A ar
B or 5 o a NX3968
¢ NX6138 m NANDZ
D
A out
20122 NX6228 m
A
A U_ADC_CURRENT_STATE] 1: 0]
Py B or = NX6140
c ADC aut
D Nor NX6149 m
-l
AQ 22 o) ADC_NCS_C
A auT -
NX7026 m A (S 7L VT
NOT m| A m NX4657
Mx2 NX7582 m
R GHT_FIRST C m m NX6230_XX0_XREP23
571' @ —= NX7682
NX7618
NX4659 = A o Q
DFFC
NX2260 B r o K ®
U GOFE_GCFE_ADDR FA REQ 8: 0] c
aRr
A NX2158 NCR3
NX2146
-—: B ot ADC S=LEPY a NX6924
c NOT
NX2132 m—] o
D A\[>O ar a NX6922
NOT
AQ 22
A o Q a ADC_READ DONE
DFFC
B out
c CAL_OK = o— K &
ar
D
AQ 22
GCFE_SAVPLED DATA[ 11: 0]
NX4000 m
| A ar
a NX6536
NX3429 m o Q NX5984 m B ) >
DFFSEU NOR2
(CLK & NX5550 U_READOUT_CURRENT_STATE] 3: 0]
I A out
B a NX3898
NX6359 m
NOR2
NX3439 m o Q ® a NX5978
DFFSEU
CALGK = LK B L o NGs54 A our A or
B
NX6271 m B
NOR2
NOR2
NX7330 m A >c ar a NX7048 NX7514 m A ar
NOT B
NX5970 = NAND2
A >c ar a NX6892
NOT NX7526 =
\—AL
A >c ar m NX6890 NX7272 = B ar
A\[>(> ot NOT C )
NoT a NX7574 NX3772 -J o]
NOR4
NX7572 m ADO T = NX6882 NX6317 m— A | Sl
NOT B
NX7969 m A a NX7630 NX7538 -—,—"‘A'\D2

NOT

gcrc_core
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A
NX7106 = P or
c
NX1664 m 2
AQ 22
A
A
B aur B DDOUT—- NX1728
c
c NARLR
D ® A out A aun
REG DATA | N 14: 0] B ) Yo
AQ 22 A _.
A aur A NOR2 & D Q
B >: aur j >: NOX2 —
NX4967 m PN NX1690
c NX7224 B B ar oEFC
NARLR NOR2 c A oLk ®
A aur
B . - G778 = NOR3 B aur aR
NX1672 = c
NAND2
A aur NOR3
DAC_ DATA. RE 14: 0 R .—‘BD"*
A
A aur a
B S NCR2 D Q L
B J
C A o DFFC
NX7086 m Mix2 ® (CLK &
1 CLR
AQ 22 A our A DC our o
B Jo NOT ®
NX5042 m NAND2 NX7184 @®—= NX6176
A N_QUT
NX7180 m ® ADC ar a NX7186 5 o
NoT CAL_OK = N BLF
U_CENTRAL_COMM ERR_REQ 15: 0] o K ® @—= N7522
NX6157 -—l ar A our
® a NX7524
NX2500 m o Q BUF
rrc NX6916 =
- | T a NX6152
ar ®
T—. NX6784
NX68E6 . . A N QUT A N QUT . =
B ® | Nor NX6168
NOR2 Lsita buf 4 ®
NX2479 m o Q
rrc ) o a NX6786
oLk s | >O
O——— NOT A
R
B
aur
A >c ur c ) = NX6334
NOT D
5 NOR4 NX7234
NX3219 m Q A ot
DFFC
NOT
® a NX7228
CAL_OK m ® (CLK S L
R
A aur A
¢ L
NX6868 NoT B
L L aut
c ) a NX6160
NX3414 = D |
A QUT—— = NX3069 A ar NOR4
| A our a NX3258
d | buf 4 B
NOX2 G178 = NOR2 A aur
B a NX6183
NX7726 =
NX7232 m NoR2
A
A QUT—— = NX2989 B
NX7226 =
ADC_SAMPLE_DELAY_REQ 5]m c a NX3380
-l
0! NX7995 = D
MUX2 A | ouT
NX7110 m buf 4 a NX7996
ADC_CONV_TI ME_RE 5]m A QUT—— = NX3009
Y7
NX7092 m o
NOX2
NX7738 =
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A
out
B
XOR2
A
out
B
XOR2
A
A
NX7694 m ol B
A c = NX6097
ﬁ aur XOR2
NX6039 m PN B D
XOR2 NANDS
NX6045 m PN A
A ® A Ul u NX5209
) O : o
ADC_SAVPLE_DELAY_REQ 5: 0] c ~
XOR2 o)
D VO
NANDA
A our A NX5216
B ) — B
A T
XoR2 our c u N\X3530 A aur
B NX2225 A out ) Q
R L A B | = U CENTRAL_LATGHED PARI TY_DATA IN
XNOR2 DFFC
NOR4 i NOR2
NX5159 NAND2 LK ® |
A wr ar
NX7698 m B )E > CAL_OLK
XNOR2
U_READCUT_COUNTER 7: 2] A our NX7686 A ot A wr
| s ) » A NoT
o ) aur B Do—' esss
NXGO057 m—@— A our NoR2 NX3022 AN
| &) wcre
S U_CENTRAL_LATGCHED | GNCRE_ PARI TY
RANGE_DELAY_REQ 5: 0]
NX6852
NX7704 A ot P Q
| &) brrc
NX2173 A auTl
Xor2 CLK B o NX5164
NX3562 = A CLR
B NX7356 ]
A NI
c
o G165 B aur out
NX6382 m c
NANDA NARLS
NAND2
NG970 = A r ot
5 a NX3450 ®
) NX2210
NX4875
NAND2
NX5975 o
NX6575 m A T A ot
5 A ot NX6948 a NX6788
—3 >: NOT
NAND2 B
U_CENTRAL_PARI TY_CUT_RESET = NoR2 A ot
NX7676 a NX7064
NOT
A A
) e e ) e s
PFFC LATCHED CORRECT ADDR A QUT— = NX2539
XNOR2 XNOR2 A —
ALK @ @—= NX7968
CAL OK =
- ar A NI o
® VO
NX6936 = | buf 4
NX5420
GCRC_DATA QUTO =
out
NX7238 = A ar NX2212 )
B NANDZ ADO aut N
NAND2 A aut NOT
NX2260 m B )
NAND2 a NX7576
NX7988 m A NX7632 A\[>O ar
B T NOT
c NX5957
NX3994
D
U_READOUT_CURRENT_STATE[ 3: 0] our AQ 22
@,
a NX6013
NOR2
A out
B ) a NX3702
NX6365 m
NOR2
NX2285 m
A out
5 a NX4434
U_CALI B_CALI B_COUNTER] 6]m
NAND2
W R gcrc_chip
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NX4315 = A
B
c )S’U a NX3102
NR177 = A ar b
B NAND4
NAND2
NXG749 m A
B A aur
NX4572
NX2874 m c B ) >
D NOR2
AQ 22
N A aur A aur A
A ar B B B DQOUT—- NX2199
NX4455 m
- A aur B98O NAND2 NAND2 G-
5 a NX2720
NAND2
NX4421 m
NAND2 XG990 = A aur
5 o a NX328
A aur
NAND2
NX4271 = B NX7404
NAND2
U_GOFE_CURRENT _STATE] 3: 0]
NX7420
A auT
NX5829 m
A NX7402
-l
L
7]
B
c L X852 NX7422
b NX6960 m
NX4832 m A2
NX694 m A ) our A
B B T m NX4399
NOR2 c
NX3022 m o '
NX4608
A
A our B T a NXG771 X398
B c
NOR2 NOR3
NX4577
U_CENTRAL_CURRENT_STATE] 3: 0] A\[>O ar A\[>O T @—= NX6806
NoT NoT NX2189
ADO ur @—= NX7334 NX7464
NoT NX4601
ADO out
NoT a NX7598 NX7450
NX4473
a NX66
A our NX4476 m A s NX7004
B A T B
i o NX2862 A N QUT
NOR2 B U513 m c [ A aur
NOR2 D B ® B
NORA NAND2
NX2180 = ® a NX2880 ®
\ A aur
A N QUT NX7006
NX7344 m A\[>O RUIPY B ) A ur NX112 | "
NOT NAND2 B
B a NX2516
NX2163 = ® o
A aur
A aur A 5 b= 2232
~ ) A aur N B aur o
B a NX652 c
N2 = NS5
NoR2 NX4613 m A 2
B
)gﬁ AQ 22
NX6824 m
A our NX7410 m c
B a NX4335 R
NOR2 NAND4
NX7454 = a NX7008
NX7634 m A ar T
5 a NX106
A
NAND2
NX6986 B
c NX284
\ A aur
5 ® a NX2161 NX7462 m D
NX7636 = NANDS
NAND2
A aur
B ) pe
NOR2
A aur
5 o a NX4308
NAND2
a NX4415
W R gcrc_chip
SCH: gcrc_core
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NX5845

NX7156

NX5888

NX4169_XX0_XREP29

NX5848

NX5870

NX6906

NX7574

DAC NCS_C

NX6820

NX7370

NX7368

NX7364

NX4839

NX658

NX2173

NX5297

CAL_OLK

NX6846

NX652

NX1044

o [0 |m >

NX904

) DAC_DAC_BI T_COUNT[ 4: 0]

D Q

DFFC

ICLK o]
AR

A >c T = NX6894
NOT

ADCOJT
NOT

A >c T m NX6896
NOT

|
A aur
B NX7152
|
NOR2
. A aur
5 NX4875
NAND2
|
A aur
o= 2068
. B
NAND2
= A >c ar m NX6818
NOT
. A aur
5 NX4837
_J NAND2
A
'_.Liajcmi
" N%I\DB
A
-l
L
Vo2
m NX6800
ADO aut ADO aut
NOT NOT
a NX7470

ADO T m NX7468
NOT

A aut
g ) ——

.

GFECOMDBIT m

NX7452 =

NX7004

NX4657 m——

NX5794 I—I

g

o) > . w6729
NOR2

NX7006 =

CAL QK =

EL

NX6892 m

NX4575 =

NOT

Dc ar A\[>O T NX7444
NOT

a NX7442

U_GCFE_RETURN_DATAQ] 3: 0] —7
A QUI———a NX3629

NX2620 =

NX5661 =

EL

NX7628 =

ADO T a NX7560
NOT

—a NX7366

R W1]m

our A ot
Dc ®
5 )
| m NX364

a NX7360

NX6794 =

NOT

NX7470 =

®
A
B
c )9J m NX4825
D

A aur
[ -
B
NOR2
A aur
B p a NX476
NAND2
A aUl— & NX3649
-l
L
)]
N2
® a NX7504
o Q U_GCFE_RETURN DATAL[ 7: 0]
DFFC
oLk ®
CLR

gcrc_core
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auT o Q | GOFE_RETURN_DATAL[ 7: 0]
DFFC
d ICLK B
aR
NX7504 m
NX6892 m I
D Q
NX3649 m—1 e
® oLK fo:}
A (e¥)) CLR
o) N
NOR2 o——
-l
L
D Q
wr DFFC
A
aR
NOR2
A aut aun D Q
} >c DFFC
B
1 ICLK B
NOR2 t o————
aR
NX7442 >oﬂ
A aut aun D Q
wr DFFC
B
L
>O NGO nt [ (K &
aR
-
,_D Q
A aur el DFFC
. B ) pe
) ® oLK fo:}
NOR2 A CLR
NX5729 m
-
NX6890 m
D Q
CAL_ OK m T DFFC
CLK ®
NX6894 m AR
ol
-l
L
A our
) o>
NOR2

NX908 m

NX6906 =

D Q |

DFFC

CLK B a Na163
ar

NX456 =

A Dc ol NX7722
NOT

NX6872 =

NX658 =

LATCHED CORRECT_ADDR -J

EL

XNOR2
NX5151 m
A aur
5 AX1192
NX5162 m
NOR2
CAL_NOVD
NX4846 m—]
A aur
B ) AX2920
NX4301 m
NOR2
A N_OUT
DAC NCS_C = a NX7972
buf 4
NX710 m

A >c T a NX7100
NOT

gcrc_core
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m NX5564

a U GOFE_GOFE_HALF_COLK

a NX5906

DATA?
NXT778 =
oLk ®
D Q
NX6908 = FrC
oLk ®
A out 4
CLR
NX5937 m B
NAND2
o2 aur
D Q
B )07
NX5915 m FrC
NAND2
® oLk ®
NX6926 -—l ar
CAL_CK = l |
U GOFE_GCFE_FULL_OLK = A our
B
NX6792 NCR2 A
B aur
NX4270 = ¢
NOR3
RANGE_DATA OUT1 = A
,78
RANGE_DATA QUTO ® ]
N2

R GHT_FIRST C =

& NX6761

a NX4910

a NX5902

NX6735 m A ar
B
NX6737 m NAND2
ADO out
nor FA
NX5904 m
-l
L
Vo2
A aur
NX5900 m B ) >
NOR2
U GCFE_GOFE_OVD = o Q
DFFSEU
oLk ®

DAQ CLK

E_SAMPLED DATA[ 11: 0]

NX6944 =

NX7750 =

U_READCUT_DATA_BUFFERI[ 5: 0]

NX6707 m

NX7296 =

NX6714 =

DATA3

NX7784 =

DATA8

DATAL1

DATA9

CAL_CK =

DATA4

E_SAMPLED DATA[ 11: 0]

EL

[————a NX3429

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44

SHEET 25 OF 51

F




NX5947 A ar
B
NX6027 I NAND2 A
B
X3530 ¢
D
NX6115 20122 o
@®—= NX5962 _j)C
B
A our NX6530 m NXrsTe
B ) a NX3718 LA ar NOR2
5 NX6528
NOR2 NX6533 m—1 NAND
NX3450
A OUT a NX6317 NX7756 m ®
O
NX5978 B
c )SJ a NX4072 NOR2 a NX7526
NX7516 D
A aut A
NANDS
B Nor B NX4358
NX5970 c c NX6403
o— O | U_READCUT_ADC Bl T_COUNT] 4: 0] >c T D
NX7512 NOT NANDA
AQ 22
a NX7272
NX5988 >C ot
NOT
m NX7538
NX4674 P Q a GCRC_DATA_QUTO A our
DFFC B
- | NX7532 o
CAL_CLK ® ar ) o
>c NX7758 m
NX6936 B Nor
A our NX7376 =—@
our s ) A NG A our
NX6144 A 5 o NX7997
5 aJ ADC_CURRENT_STATE] 0] NCR2 buf 4 B
DFFC
NAND2 NOR2
NX6140 - | NX494 -_I
ar NX2449
NX2269 m A U_CENTRAL_FA REQ STER{ O]m
NX7580 A\[>O ar m NX6920 B ) oL a NX3824 E_ADDR( 3: 0]
NoT NX7266 = ¢
NOR3
o Q a) READOUT_CURRENT STATE] 0] NX2166 m
rrc NX2243 m
A
CLK S B NX7256
ar NX7620 m NX2329 m
NOR2
NX7578 A\[>O T a NX6910 A o NX6836 m ® o K B
NOT NX2244 = | m NX7618 CLR
oue A out
NX7982 m Dc P Q
NOT DFFC
A
5 ar NX4146 m o | &) ADC CURRENT STATH 1] CAL_OK = ® (CLK S L
NX6138 DFFC aRr
c
NANDS CAL_OK m (CLK | = NX6230
NX3898 ar NX6906 m
A — A Ul—— = X926
NX3710 B NX6924 m NX4163 m
C 1
L
G702 NOR3 NI
NX7972 m
NX4434 A auT a NX4448
CALI B_C\D ]
NI
CALI B_STRB
W R gcrc_chip
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NX7396 -_I
A
NX6826 m B or
c NX5803
NX2980 m 2
our AQ 22
NX2972 m A
g ) Jo—
A aur
NOR2 5 o a NX2163
NX2926 A our NAND2
B
NXB020 NOR2 A aur
5 a 2173
CAL OK =
NAND2 -
NX6910 =
NX6804 m ® A ) T
m NX4849
A au D Q a U READOUT LATCHED TR GGER MODE ® B
B DFFC A (e¥)) NOR2
o (cLK & a NX6016 NX7590 m B m NX4832
NOX2 R NOR2
A aur A aur 145
NX3906 B B ) NX4409 A
L
NoR2 NoR2 G178 m B DOOUT—. NX5278
N4036 #— c
A | NARLR
5 NX2209 = ®
NX6528 = ouT
c ) a NX4520 ® A our
B ) m NX4417
D ‘
NX4072 -J A ar N, CAL_NRESET
NORA ):
NX7332 B a NG4
A ot NAND2 o Q | a U TEMHARD RESET
NX7642 m PS
- ) > . NX6027 A DFFSEU
l o ® B ar a NX2778 (CLK @B a 199
NX7506 =
c
A aur
5 307 NX7598 -—I NOR3
A aur
m NX4423
NAND2 A aur 5 ) 2218 m PY A aut
l B ) a NX5997 NX7594 m 5 NX5405
NX3442 = ®
NOR2
NOR2 NAND2
NX6414 m rsse A A ot ¢ A r
A ar 5 a NX2180 _— A
D Q B NOT |
5 a U READOUT_ADC READ CLK NX6900 m— B | NAND B ur
NX6427 m NXL104
NANDD DFFC c —= NX7638 c
LK @ NX7468 -—| D A >0 ar_¢ T =
o— — NOR3
CALOK = ar NANDA NOT . NGE24
2215 m—
NX7582 m A ot l a NX6926 A ur
NOT a NX7344
NOT NX500 = A QUT— = NX2459
A aur A | ouT B
START_ACQ NX60 =
B 1
NX6492 m B NX7044 m o
NOR2 A VX2
U_CENTRAL_CURRENT STATE] 3: 0] B ot
A ur c NX5232 NX7754 = P
ﬁ)@ a NX5964 NXG211 = A ar b
NX7988 = 5 e u
NX7592 m A\[>O ar NAND2 AQ22 A QUT——=a NX2489
NOT
NX2243 = A aut NX7076 =
B a NX3728 NX4327 = ]
A VX2
NOR2
NX7618 =
NX6816 m B T A\[>O ar = NX7658
c NOT
A aur
B a NX6115 NX7062 NOR3 A NI
Q > A ar REG DATA | N[ OJm | a NX7096
NOR2 BUF
N2720 -— B |
NAND2 A aur
NX5636 m B )
NAND2 A au a NX3719
NX6956 m
|
NOX2
NX2166 =
W R gcrc_chip
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C_DATA_REQ 14: 0]
NX4750 m
NX6880 m
NX4737 m
NX7744
) T —l
NX5090 m B B T
c ) a NX3562
NXO74 m
NX3554 m
NORA
aur
5 )
NX5336 m
NX7570 m
5 ) T a NX6382
RANGE_DELAY_REQ 1]m
XOR2
A
NX6057 m @ ouT
: ) A U = NX3439
NX6876
NX5137 -J XCr2
-l
L
NX6045 m— @
NX1474 m A A auTl
a NX7694
5 B
NX6039 =— | @
c A aur (un-J
b ‘BL>O a NX2259
= NX6878 NANDS NOR2
‘ NX6123 m
NX7746
T Dc T a NX7696
NX1532 m NX7240 m 5
, E_SAMPLED DATA 11: 0]
o NX7698 DFFSEU
A our K & m NX5560
ﬁ T
NX5261 m B A
T 5 U_READCUT_PAR! TY_RESET
A aur
c NX2291
B
NX7244 m D N2
a NX6186 U_READCUT_DATA _BUFFERL[ 5: 0]
A aur
CAL_CLK m a NX6916 B )
AX6097 NANCR A aur
5 NX4974
NX7580 m A our
NX7702 I a NX7987 NAND2
A Buf 4
aur L u
aur
NX7232 m NX5393 m B ) >o a NX3580 A aur
T 5 NX6737
o NX6079 -—\— NAND2
A T A\[>O ar a NX7294
NX6081 m B NoT
NX7522 m
NANDZ A\[>O ar a NX7296
A NX2275 m A our Nor
NX6183 5 a NX3994
B
c NX5975 m NoR2
N a NX6073
NX6013 m
NX6778 A wur
A
NX6020 m B B T
A >c our c NX6365
oT NX7514 m 5
A ouT AQ 22
a NX7995
buf 4
@ = NX3276
A aur
NX6188 m B ) >
NOR2
NX6160 -—l
NX6228 m ) >
A
NX3392 m B T NX6157
c
NX6776 m NOR3
A\[>(> ar m NX6780
NOT
W R gcrc_chip
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A aur
B ) o a NX4000
NOR2
a NX3442
NX3580 m
NX540 m A L m X479 ® A
NX7508 m ® B r a NX3710
c
NOR3
A auT NX7971
NX7486 =
DATALO B A ot
U_CENTRAL_COMM ERR REQ 15: 0] ; A ar |
NX5973 m B ) | buf 4
NAND2
NX586 m L m NX2509 NX7774 m
NX5957 m A ar
5 a NX4012
5 NX6387
A
DFFSEU
B
. B
LK NX2243
NX1786 = L m NX3210 A auT U READCUT_CURRENT _STATE] 3: 0]
NX4036 =
DATA2 B
d D
) o
NX2949 = N DFESEU CAL_CK = m NX5947
DFFC
¥ o LK
NX6966 =
aRr A UT—— = NX3479
NX7578 m NX6908
DATAQ
NX6850 m
a NX7180 ]
NOX2
A\[>(> ot A ouT
o a NX7182 A auT
NoT ,—B a NX7614
DATAL—— B
NX7760 m NAND2 .
v A aur A aur
VO DO Dc NX7778
5 NoT NoT a NX7614_XXO_XREP17
NX2879 =
DFFC
- CAL CK m E_SAVPLED DATA[ 11: 0]
CAL_CK =
ar 5 @—= NX7616
DFFSEU
NX6852 m -
a NX7506

Nx818 I—T

NX1672 =

DAC_DATA_REQ 14: 0] 1

a NX4967

NX7452 I—l

NX5906 =

U GOFE_GCFE_HALF_CLK m

EL

—— = NX5904

NX7184 =
NX5004 ® m NX7514
NX7086 =
AQl 22 ADC_READ DONE m A
B
NX7236 = ¢ 6359
D
NX3718 IJ AQl 22
gcrc_core
W R gcrc_chip
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NX7006 -—I A
A e B T m NX6659
B ) NX2488 c
N270 m NX6419
NOR2
NX2464 m P Q
A NX3999 = U READOUT ADC DATA TRANS
. NX2889 m . CONV_TI ME_REQ 7: 0]
B
NX5923 m
c NX5918 CAL_CLK CLK &
ar NX7116 m
NX2460 m D
| R NX6932
NX2450 m A
A NX4736
5 o—" T a NX4744
NX5491 m ® c
c NX2234 NX4166
.
D
NX5496 = our A our
A NANDS NX6603 Dc m NX6501
B
B aur
c A NX5997 NOR2 m NX6651
ot
B
NX5499 = A our
< B A >c ar m NX7306
NX7188 m
NOR3 NOT
NX2322 m ® o ~
L
NI
NX412 m 0 A A ar
5 5 a NX5013
ar NX5915 m NX7738 m
NX6990 m A T C NAND2
B o] R o U_CENTRAL_COMM ERR REQ 15]m A aur
o - NX3979 m ® a U GOFE_GOFE FULL_CLK 5 a NX5461
NX2232 m
DFFC
A - ® NX7090 -—, NAND2
5l ——
NX5471 = T aR
c ) NX1968
DAC DATA IN C
NX2233 m .—D, NX6906 m I—A
NOR4 17 B aut
c NX4813
a NX5483 ® a RANGE DATA QUTO
NX7098 m D
NX7362 m— A or 2022
B NX5468
A auTl 7142 m— |
NX2197 w—] A our NOR2 RANGE_DATA OUT1
He) » _ A
L
NXA487 NCR2 MIX2 D Q B aur
R GHT_FIRST C NX5192
A - - pFFC NX7202 m ¢
NX6988 m B or o [°K & D
NX4882
c ar .
CONFI G RE 2: 0] 201 22
D
NX2336
A\[>O ar m NX6942
Al 22 NOT NX726 m
A
NX7406 m ®
NX4708 P Q B or
NX5282
A PFFC NX7096 = ¢
NX7426 w
LK & a NX6670 D
B QT Nx4455
ar
c NX7102 m 201 22
NX6962 m D ) o
NX7586 Do m NX6940
NOT
A >c I e nx7002 NX7968 A our
NOT B CAL_NDATAL
NOR2
W R gcrc_chip
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)
NX2189 m -
A
oLk
5 |
NX2197 =
N2 NX6854 aR
A ot @—= N<7010
NOT NX1846
)
a NX7464 -
aur o
NX7614_XXO_XREP17 m A aur X e LK B
B NX5975 ar
B a NX288
A >(> our NOR2 NX2191 =
NOR2
NX6864
NoT m NX7236
A
A ~_QUT
aur
A ar | m NX7988 B
5 Lsra a Q292 NX1650
c
NAND2
m NX3456 N ~
L
A >o ar ® m NX7238
aut NOT
NX280
aur
U_ADC_CURRENT_STATE] 0] A T 7706
- NX6986 =
NX1256 —|
a NX5970 o
NX7766 o DFFC
NX7516 o—" o— K -
B AT r6138 R
c a NX220
NX6140
NANDS NX6998 m ar NX6852
a NX7970
| READOUT_CURRENT _STATE] 3: 0]
A NX1162
U GOFE_EN _READ OLK m B D
aur - ) ar a NX2566
Do—- NX2275 buf 4 c NX7768 o DFFC
o] 6K o
U_GCFE_COUNTER 4: 0] ot NOR4 aRr
N a NX5973
NX4072 = a NX7454 NX6856
DFFC
(CLK X400 m A DAC_DATA REQ 14: 0]
ar B ) a NX2482 A
NX2183 m o 'R NX7172 B our
c 0 NX4805
a NX5488
NX7202 2
5 A U_CENTRAL_COMM ERR REQ 15: 0]
NX4012 m NX364 = A au
NX4633 AQ 22
DFFC B u
NX7142
CAL_GK = ® oLk 4 NOR2
ar NI @—= X360 D
NX6908 m ® DFFC
CAL_CLK ® (CLK L
R
5 NX6870
U_GOFE_READBACK_LATCH
DFFC
CAL_OK m (CLK L o NX4635
ar NX1004
NX6846 = m

NX7764

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44

SHEET 31 OF 51

F




NX4501 m A
B
o Dgﬂ_. eo1es
NX5616 m D
NANDS
NX4529 m A
B >: aur
N84 m e
m NX7436
NX4655
A A out
NX6036 A NX2201 m ® B oI B )
B p U_READCUT_COUNTER 7: 2] ¢ NOR2
NX5668
NX7254_XX0_XREP179 c prFC
NOR3 LK NXEO79 A aur wr
ar B NX5732
NX2502
A >0 ur o NX2566
NX6912 ® NX6982
NX4657 = ® NOT ®
NX400
m NX7408
b U_GCFE_CURRENT_STATE] 3: 0] <>o T A >c ar
CAL_CLK - NOT ) o NX4657
a NX6960
CLK NX6081
A our NoT NX2199
CLR A T ®
NX7991 B oT
a NX4563
NOR2 A out X330
5 NX5494
NX2249 m—@
A ot NAND2 NX5676
A our or = NX6994
B NX7444
XOR2 A
A out
NX7188 A oT B T a NX4476 U_GOFE_RETURN_DATAQ[ 3: 0] A
= 5 out
NS c a NX2608
A our NX2314 = NOT
D
ner A out
a NX6980 NX2552 201 22
NX2191 m ® NOT
. SAVPLE_DELAY_REQ 5: 0]
& NX7406 NX5502 m
A out
o a NX1984
A T NX7418 NX414 = B
NX7192 NOT NANCR
NX4935 m
NX7110 A ur A ar
B ) 5 a NX4933
NX328 m NX4513 =
NOR2 NAND2
NX7116 NX5214 m
DFFSEU A out
o ADO out A . B o m NX430
L |
NOT B ot NAND2
c ) NX2450
NX4935 m NX2232
® D | A
NX7696 A our N~ 5
B NX3554 NX348 = our
c ) a NX4280
XOR2 A oor |
b Dc A NX5918 -J D
NX2869 SRANGE_DELAY_REQ 3]
NOT B ot o N232 NOR4
DFFSEU
oK NX330 = c NX5483 w—
NX7118 ® N
® a NX4513
A out
[ L.
NAND2
® a NX7416
A
B
c NX5634
o
NX4572 = D

a NX2314

gcrc_core

W R gcrc_chip

SCH: gcrc_core

20 Dec 02 17:44

SHEET 32 OF 51

F




NX2839 #— P Q
rrc NX7474 A o
CAL OK m— @—[OK ® L B )) ) m NX4992
ar NX6952 m A NX2291 S
B ar NX2926
U_READCUT DATA BUFFERO[ 5: 0]
NX4290 m—1 N
NX2759 m o Q NX336 m A a NX4089
PFFC B DOOUT—- NX5299 NX4842
NX6858 w—@ CLK S A NX4837 m e
R
B aur
NX5013 A our
c B NX5173 NX4764 a NX7748
b NX758 =
NX7104 = o
20 22 A or a NX7750
B NX5328
NX7136 = A ar
REG DATA | N[ 14: 0] NXG176 m o
B
NAND2
DAC_DATA_REQ 14: 0] A
NX2229
B our NX4772
c NX5073 a NX6595
NX7184 =
b NX5180 m NX5178
o— A aur
NX2580 m— | AQ 22 NXTS = B
DFFSEV NAND2 CAL_CLK ® a NX6938
(CLK B L A NXL194 m A
B aur A aur
B ot NX1282 NX7586 Dc
c NX5050 NX4933 m c NoT
b NOR3 NX6651 A
NXL192 m B o- 2L a NX6649
2729 #— P Q AQ 22 A ar NX4166 *— i
DFFSEV COW_TIME_ REG 7: 0 U CENTRAL_TR| G REG STER] 2]m | NX6954
T B - |
CLK B BUF NX4754
a NX7122 NX7066
NX4998 o Q a RANGE DATA OUTL
ADO out DFFC
)
NX2709 = SAMPLE_DELAY_REQ 5: 0]
a DELAY_| NOT l oLk ®
— A au NXL004 -
K U_CENTRAL_FA REQ STER] 0] aR
v A aur
A ot — NX7588 Dc m NX6946
NOT
NOT
5 NX7730 NX4596 o Q SGRESET
NX2569 = NX7322_XX0_XREP53 P
DFFSEU
. oLk ®
FUNG 2: 0] -
NT7112 m A >o ar oK A\[>O T NX7080 -
NOT NOT
NX6934
A our & NX7120
MODEL=DFFP
NOT
W R gcrc_chip
SCH: gcrc_core
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NX7152 m A<>OOUT—. NX7154 A ot
Nor B ) NX5749
U_CENTRAL_COUNTER] 4]m
NG791 m N2
A NX478
NX6818 m A
LiB NX3968 5
c NX2874 NX7362 ar
NX5796 m c NX5818
D NX3898 aur b
NX6530 NX336
NX4933 m NAND4 c ) N
NX3710
A NX7978 A our
NX6798 m B
B ar AX3150 AX3702 o
c NX5751
Yo———=a NX7516
NOR3 NX7236 ) A ar
NX2239
NX2236
B
NX7616 a NX7642 NANDR
A QU— u NX1162
NX7048 m B
NX5984
571' NX3102 U CENTRAL_CURRENT_STATE| 3: 0]
VX2
NX7238
CAL_CLK
a NX7734
a NX7060 NX3990 NX6838
NX7971 m
NX4335 m A ot NX7352 NX2244
NOT
U_READOUT_CURRENT_STATE] 3: 0]
NX7620
B B
*~—
NX6796 NX4417
— m NX7636
NX7512
NX3456
NX6822 m
| & NX5276
NX6027
NX2210 m A aur A NX6902
B NX2972
o NX2275 B ar NX3996
c NX4308
NX4875 m B aur a NX7634
A NX5975 c
NX5803 e
NX7362 m B aur
c NX2788 NX7706
NX5414
2 aur
ADC_READ DONE NX2158
NOR4 - READ_ G332 A aur
NX5834 m B
NX6230_XX0_XREP23 NANDD
NX6790 NX2203
A A
B B aur -
U_CENTRAL_LATCHED | GNCRE_PAR TY = ar NX462 a NX5636
NX658
c c
NARDS
NX5414 m D NX2167
NOR4
W R gcrc_chip
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NX6603

NX3906

NX6501

NX5988

NX6496

NX4520

NX6832

NX6403

NX6427

NX4562

NX7584

NX4448

NX6926

a U READOUT_ADC DATA TRANS_BEQ N

= \X4736
NAND2
A
w m NX4596
A NOR2
B out
c
NOR3
a NX6792
ADC aut A >c aut
NOT NOT
A >c ar a NX6948
NOT
A\[>O ar m NX7588
NOT
A\[>O ar a NX7586
NOT
A
B ) >o a NX4568
NOR2
D
DFFC
oLk
¢ ar
A\[>O ar l m NX6932
NOT
A\[>O ar m NX6936
NOT
o CALI B_STRB
DFFC
oLk

NX7154 =

U_DAC_CLK_COUNT[ 1: 0]

l—l NX5431

m NX6872

@—= NX7973

CAL_CK =

I = DAC DATA REG SH FT

a NX6874

NX7630 =

a NX6870

a NX7568
A\[>O ar a NX7570
NOT
A\[>O ar a NX6880
NX7046 -—I NOT
A ) r & NX750
NX5019 m B
NOR2 A our — w NX7752
s )
NoR2 a NX546
A aur
Dc ®
NOT
NX7668 = ADOOUT—
NOT
A
B
NX4879 our
c a NX758
NX4327 m D
N @®—= NX7326
NX7360 ® A
B
NX7320 m c )
D
NX2215 -J NANDA
A aur
NX7380 = B ) >
NOR2
A L NX2499
NX7066 m B
-l
L
VOXZ
NX7754 m

A >c ar a NX7102
NOT
NX7100 m A >c r = NX7106
NOT
NX7170 m A >c ar a NX7172
NOT
A > aur
NOT
NX7084 m A >c T a NX7086
NOT
NX7186
NX7088

U_CENTRAL_COWMM ERR_REQ 1]m

Ad 22

NX5262

ﬁ
g |>
\é

NX5282 =

o 0O |m >

DAC_DATA_REQ 14: 0]

DSL_. \XL174

®O— = N\X7174

Ad 22

Y

NOT

a NX1532

Ad 22

L 4
%J
g |>
Y
g

a NX1474

NX7982 =

@®—a NX7190

A >()—OJT —a NX7144
NOT

REG DATA_|I N 14: 0]

A [~ QUT
a NX7194

ADC_CONV_TI ME_REQ 7: 0] BUF

L
A [~ QUT

NXB12 m B our a NX7198

c BUF

RANGE_DELAY_REQ 5: 0] J 2

Ad 22

NX7126 #—m—

T——l NX7094
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A QUT— = NX3279
C_DATA REQ 14: 0]
NX4799 m NX4720 m A T A T
NOT NX7046 =
o B ) a NX7110
NOX2
NX7670 m NOR2
NX7742 = A ar
A aur
NXG019 m—@ ADC ol B NOT ADC el m NX7738
DAC_DATA_REQ 14: 0] - NN -
A A QUT— = NX3249 a NX7132
NX7178 A ur
NX1340 = B
c NoT o NX5068 m A our
REG DATA | N[ 13] S— B ) a NX786
D
NX7480 m NoR2
NX7148 20122 A
CAL_aK
- B ar A our NX456 m A ar = NX7728
c a NX1944 NOT
TEM OVD_DATA VBB = NOT
NX6876 = b
A 22 A >c ar a NX7724
NOT
NX4805 m A QUT— = NX3229 DAC_DATA C -_I
NX4731 m A\[>O ar A
NX7160 m NoT o NX7186 m B
NX4709
NX5124 Mix2 c
a NX7202 b
| REG DATA | N 14: 0]
A
NX5130 = 20122
|—B NX7108 -J
L m NX2759 c
NX5138 = A aur
NX1174 R a NX7986
o buf 4
NX5192 = NANDA
NX4813 m A o a NX986
NX456 NX7198 m A QUT— = NX2839 NOT
REG DATA | N 14: 0] a NX7092 ]
NOX2
ADC_CONV_TI ME_REQ O]m A L m NX2589
NX7728 m
NX7096 -J ]
L m NX3109
NX5004 m Mix2

A our
NX1636 = 5 Do—- NX1636
: NX5013 .J NAND2 NX7740 m
A our
NX7726 NX7170 NOT\[>0 NX7176
gcrc_core
W R gcrc_chip
SCH: gcrc_core
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NX2209 = A our
B NX5297 _
U_READOUT_DATA BUFFERL[ 5: 0]
2218 m—] o
HENISCY—o P o CAL_NTREQHE
DFFP DFFP NX7096 w— A oor
- K ® B D—- NX2225 NX4924 m
PrE PrE U_CENTRAL_LATCHED PAR! TY_DATA IN m— oo
NX6946 = l NX7658 = A ouT
MODEL=DFFP MODEL=DFFP B NX7476
NX6944 m
5 N NX7352 m—1 o
LE_NDI SC SCAL_NTREQLE
DFFP DFFP
- K ® NX7354 m A
PRB PRB I B aur a NX4879 NX4938 m
NX6898 m c
NX6948 m NANDS
MODEL =DFFP MODEL=DFFP NX7468 = ®
® A a NX5900 NX2539 m o Q | ___a LATOHED OORRECT ADDR
DFFC
NX5902 m
o CAL_OK = (CLK B a G422
Mix2 aR NX4896 m
NX4270 = NX6872 m
A [N OUT
5 U_TEM TI MED RESET m I A\[>O ar a NX7632
NX3479 m
buf 4 NOT
CAL OK =
DFFSEU -
- E_SAVPLED DATA[ 11: 0] a NX7969
CALOK — @
NX6942
A aur
A
N7312 M ﬂ—- NX5383
NX54 =
B aur
c a NX6735 NoR2 NX4910 m
ADC7_DATA C
D
NX6788 m A NX4764 m
NX7288 = |
AQ 22 B ) oL a NX2217
NX6800 m c
NOR3
W R gcrc_chip
SCH: gcrc_core
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NX7096 = A QUT—— & NX2579
B
RANGE_DELAY_RE(G 5: 0] ]
NX7092 = A QUT—— & NX2679
NX7772 m ]
NX6339
A aur
5 NX3358
NX6345 =
NAND2
NX6160 = A ar
NX6354
B
NAND2
NX3380
A aur
B ) NX6149
NX3372 =
NOR2
NX6230_XX0_XREP23 A ar
NX6228
B
NAND2
A
3382 B
X = A our
c
s ) >o—- NX3392
D
NX7706 N2
AQ 22
ADC NCS C =
NX7632 = A\[>C ar m NX7578
NOT
NX3799 m o Q | u U TEMTIMED RESET
DFFSEU
CAL_OK m (CLK B L

NX3728
.—\—A

m NX4998

a NX3979

m NX4882

NX4974 m B
c
NX5964 m 2
AQ 22
NX4992 w— |
NX5913 m A
B
NX4280 m A\[>(> ar NANDZ
NOT
NX6592 m A
NOT

GCFE_SAVPLED DATA[ 11: 0]

NX7310 =

ADC11_DATA C

NX7286 =

ADCLO_DATA C

NX7306 =

Ad 22

ADCS_DATA C

NX7282 =

NOT

NX6707

NX6714

—a NX7312

m NX4896

a NX7288

NX6994 m
|—A auT o Q U_GCFE_CURRENT _STATE] 3: 0]
NX2234 = PFFC
o ICLK B |
NI ar
NX6982 m 5 o
I—A auT -
NX2233 m oK ®
. L
o) AR
NI
@
NX6842 m ®
D Q
DFFC
oLk @ |
ar
[ S—
D Q
NX6966 m A >c ar PFFC
NOT oLk ® |
ar
NX6962 m
I—A auT
NX2232 m
. A\[>O ar @®—= NX7710
o) NOT
l
ADO aut
NX7000 -—I NOT
A auT = NX7784
NX348 m
] L- NX7774
NI
a NX6968
o
A\[>O ar o QL a U GIFE EN READ OLK
NOT DFFP
CAL_CLK (CLK B L
PRB
NX6844 m ®
NX7628 m a NX7562

=DFFP
”‘ﬂ>€ aur
NOT
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NX1392 m
NX4415 ._I A
. . NX5019 m B ar m NX4939
5 NX4413 c
NX4417 w
A out
NX5381 m A ar NX7770 = <>c
5 NX5379 NOT
NX7634 m . L
- NX5240 m—] NAND2 REG DATA | N[ 14: 0]
- l BUF l
NX7346 m A ar _
NAND2
NX7138 m—@ A ar
NX4285 -_I NX2169 NAND 200
BUF
| A
NGBS = NX2220 = ar
B
. Dgw—. 2900 P— e
Nes22 = NAND2 | a NX7098
> A ouTl BUF
NANDA DAC_DATA REG SH FT m A ar _ T
NX5824 5 i
NAND2 m
NI
Ners NX5344
2 A
B NX2227
NX6954 B QT 5 |
NX5238 = our
¢ ) NX1900
,7NAI\D3 c
N8 NX7986 -—, [ o]
NOR4
A A auT
NX4279 = B
B DOOUT—- NX134
c o
NX5829 m—p A NANDS A QUT——a NX3289 e
B NX1870 m B
112 m—] c y
D NI
NX2168 w— |
AQ 22 NX7728 = - -
NX7398 m .
A aur NX4949
B )O A oLk ®
NX6826 m - i -
NAND2 NX5374 = NX1880 l
c
" 1eezs NX7566 m A\[>O ar NX6858
A [N_OUT
NX7983 m NOR3 -
o ° . 5 | G REQ 2: 0]
B NasoL NX6948 Q
NX2180 = » e
NOR2
A
NX7981 m—) CAL_OK = o— K &
B
ar
NX7112
NX2203 m c
|—A L = Nss N4821 m—] R ADC ur N
NOT
TEM CVD_DATA VBB m Dc aur NANDA
— i Ne023 NX7564 = A\[>C ar m NX6850
NOT
NX4009 m P Q | & U CENTRAL LATGHED STATUS ERR
NX478 w -
ADC_CONV_TI ME_REQ 7: 0]
CLK *
AL Cr A o NX2889
ar
NX3719 = o Q 0192 .
DFFC .
NX6934 m q
CAL_OLK m (CLK B o NasTL —
ar
NX7132 m A\[>O ar m NX7740
NOT
NX6848 m
W R gcrc_chip
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NX7420 m—
NX6814 = a NX1650
A
NX288
GOFE_ADDR] 3: 0] NX3728 A B our
B c
c NX6592 NX4625 m—I b
NX5964
D
NX7734 m A NX4629 m— AQ 22
NX7474
B )) }OUT AQ 22 a NX7424
A aur
NX6808 m a NX1704 S U_GOFE_CURRENT _STATE] 2]m
NOT A aur
@—= U READOUT PARI TY_RESET 5 NX2197
] B NX7414 =
NX6687 NAND
@
A aur
NX6595 A ur
CONFI G REQ 2: 0] A A B B ) >c A
B aur NANDR NX5494 =
a NX7472
NOR2 B AT ros496
c BUF
NX3906 c
A aur NX6988 = RARLS
A
a NX7474 NX6670 B p
BUE NAND NX4465
A
CAL_OK a NX6686 B
- NX7012 =
NX2449 m o s CENTRAL_FA_REQ STER{ 0] ,70 A
PFFC NX6940 NX4635 m D B
NX348
e u \X4263 NCDEL =DFFP Dt <
NX6649 NX6992 B————@ D
A NAND4
NX6848 m
NX6651 B oI a NX4764 NX4511 m
c A aur
) = 5 NX346
NX926 m NX6659 NX2199 = ®
DFFC NAND2
CAL_OLK m (CLK DAC NCS_C NX4744 >c ar a NX7282 NX4525 m A ar ® a NX386
NOT B
NX4736 NAND2 A
NX6874 m
A B Doi- NX5491
NX6419 B a NX4760 ¢
NX7632 = A a NX7580 c NANDS
NOT
NX6663 NOR3 A ar a NQ70
A NX7464 m B
NX7969 = a NX7626
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U_READOUT_DATA BUFFERI[ 5: 0]

NX7294

ADC9_DATA C

GCFE_SAVPLED DATA[ 11: 0]

NX7312 =

(e¥))
Y

»

O[O |m (>

Ad 22

ADC8_DATA C

D
NX7288 J

NX7586 =

T

A
B
C

Ad 22

(e¥))
P

Dc T e nx6944

STATUS_REQ 4: 0] —— ot
T
G271 m— NAND
NX4T00 m—— A ar
T
NX5461 m—1I NANDZ
o Q RANGE_DELAY_REQ 5: 0]
NX7116 = NX5090
NX7188
NX7770 m—|
REG DATA | N[ 14: 0]
A N QUT
a NX7985
buf 4
A N QUT
a NX7102
BUF
CAL_CK =
NX6874 m
NX7126
NX7482 =
NX4438
NX4235 =
DAC_DATA REQ 14: 0]

NX986 #——————B

NX6828 m

NX2163 =

NX6804 =

NX134 =

>c T 7340
Do%- NX7374

) >o—- NX2164
DSUT—- NXG0

a NX7590

Dc T o 7592

NX2900 =

NX6834 =

NX7638 =

NX4409 =

NX7396 =

U_CENTRAL_CURRENT_STATE] 3: 0]

A (e¥))
B DD—I NX5230

- L
NX7160 =
gcrc_core
W R gcrc_chip
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NX4543
NX4545 NX6956 =
A NGO
NX3329 = o Q | o TEMOVD DATA MSB NX3778 = | m NX7268 A Ul— = NG86
PFFC BUF NX6814 m B
CAL_OK m (CLK @B o NG374 o
NX6844
aR U_READCUT_ADC_READ_COLK = Mix2
I—A au ADC_CLK_C
NX6870 m
NX3559 NX6230 =
. NX7060 m—@ ADC OUTL
o NOT
DAC_DATA REQ 14: 0] A
B ot NX6952 m A QUT— = NX1846
c NX4731 NX7256 = B
NX7984 =
-l
D oo
NX268 NX3848 M2
AQ 22 ._| A . wr
NX4534 B ot a NX7732
NX7008 NX7278 = NX4244 -
c
A
NX7178 =
T B our NX6295 m NCR3
A AUl— = NG540
c NX4720
NX4631 NX7983 = A ot NX7064 = B
b NX7280
-l
o— NOT o)
Vo2
NX7462 AQ 22 NX7534 =
NX7982 DO SoUPN m NX7148 l A
NX4601 NX7528 m ® B
NX6514
A >c ar m NX7146 c U CENTRAL_TR! G_REQ STER[ 2: 0]
NX4603 NoT NX7538 = D A QUT— = NX1786
NANDA NX6810 m B
NX220 o
NX4487 NX7098 = A aUl— o NX2569 A ar M2
5 NX4168
B
ADC_SAVPLE DELAY_REQ 5: 0] o NAND2
NX280 NX7012 M2
A ar D Q
U_READCUT_CLK_COUNT OJm NX7546 NX2979 = REG DATA | N 14: 0]
CAL_CLK 5 U GCFE_COUNTER{ 4: 0] NoT DFFC
LK ®
N NX7998 = -
A CLR
o—  [@K NX7200 m A Ul— & NX2709 5
aR NX7997 = our
c NX4236
NX750 m ] D
NX6846 — NX6400 =
NOR4 NX3029 = o Q
5 2273 m— A | ar PFFC
NX3569 o——
B LK ®
FrC ) . CAL LK = ® -
K NX4791 m Dc = NX1340 U_READOUT_LATCHED_ TR GGER_MCDE NAND2 aRr
NOT
ar NX6862 = ®
NX6842
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A out
B ) NX2532
NX4577 m o a NX3372
o NX6211 m
NX4476 m PN X462
nX6221 m— |
A
[ S—
ADC_CONV_TI ME_REQ 7: 0]
B r NX5685
NX2516 = c NX2499 m
NOR3
o NX5427 m A ar
NX6982 m A 5 Do—- X974 CAL 0K m
B ) A NX5379 w—] AN
NX6339
NOR2 B our "
NX398 NX5499
S 7138 m— P Q m NX4819
NX6191 m
DFFC
® NX4595 (CLK & A ar NX2489 m
ar 5 NX5424
NX7410 m A our o— "1 aur NAND2
B 5 X310 NX6201 NX6846 m
456 NOR2 NAND2
® a NX5986 NX1054 m P Q U REG CURRENT_STATE] 1: 0]
DFFC
A\[>O ar CAL OLK m—@—K & a NX4821
NOT ar
DFFC
A NX6848 m NX2459 m loLK ® [
5 ar U_ADC_COUNTER 7: 4] ar
c NX3299 m o Q |0 G REG O] NX7626 m
NARS 6334 DFFC
NX7412 m—@ a NX3382 - ®
| — | - NX7576 m
. wr KT8 ar A out
NX4608 m ® NX4179
5 NX5676 NX4183 m— A | ar A T B
NX6872 m |
NX6954 B NOT NAND2
NAND2
NX5477 m ® NAND
A a NX6020 5 o
B NX2175 NX1380 m | = U REG NONSEU REG LOAD
P .
c
NX6998
D NOT\[>O NX3438 oK @ | = 5316 ADO el NX7044
ar NOT
NANDA
NX4179 NX7752 m
® A r NX6860 m A ot
5 NX5668 a NX3799
NX5320
NAND2 Nxa231 A our ® s o =
NX2183 = NX7973 m NOT NOR2
B X960
NX4832 NX7072
NX7970 m A A aut NX7152 = A\[>O ar NCre
B ot B NX5682 oo NOT A or
c NANDR NX7394 A ur NX7070
NX4503 m NX6573 NX5238 m NOT
NORS *— NX7452 B ) NX1892
®—= N4231
A >(> ar REG DATA | N[ 14: O]J NCre A aur
NOT NX7450 NX4415 m 20122 RESET_CMD =
B
NOR2
U_TEM HARD RESET -J
A >0 =l NXG567 m | A ) TEM HARD_
NOT B oL a N4674
NX240 m NX6585 = oS
A
NX7462 = B DQOUT—- NX2201 NX4849
c A out
NARS
NXA666 m B
NAND2
W R gcrc_chip
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NX4235 = NX7060 m———
A aur
NX5320 m B @23t
NOR2
NX3609 o Q U_GCFE_RETURN DATAQ[ 3: 0]
A NX7486 DAC_DATA C rrc
U_CENTRAL_COMM ERR REQ 15: 0]
NX7752 m B ar LK S|
c ) NX3168 5 ar
ADC our D NXL944 DFFC
NOT NORA 4 oLk NX6890
a NX7330 aR
NX3599
NX7742 = 5 o
NX6882
FUN] 2: 0] NX7496 NX3619 m— P DFFC
NX6882 m ® N K @ |
NX3149 5 (CLK aR
NX3279 = DAC_DATA REQ 14: 0] CAL_OK —@ | ar
DFFC
NX7324 |
(CLK NX6888 l
R A aur
B NX2620
NX6866 NX5685
NX7068 o— | o
NX5939
NX2519
NX3249 = o I—A
DFFC NX348 B
NX5937
NX7084 ALK ,70
aR NX5918 D
NAND4
NX7320
NX2234
NX7668 NX2999 =
NX3179 m P NX1984 ADC ar a NX7212
DFFC NOT
NX7076 -
o— | NX400
R A aur
B NX412
NX5488
A aur
NX7476 = <>o m NX7478
NOT A
NX3059 = 5 NX300 A ur
NX3229 m a NX7204
A aur B
a NX7480 - NOT
NOT ¥ 1968 NOR2
A our CAL_CLK L
NX6902 = a NX7760 ar
Nor NX360 A
NX6880 m
NX7981 m A S B } o2 a NX5915
B NX4280 c
NX5314
NX4821 m c NX3099 m NOR3
D

NX5316 IJ

CAL_CK =

NX6850 =
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GOFE_ADDR] 3: O]ﬂ
A QUT— & NX1454
U_GCFE_CURRENT _STATE] 3: 0] A T A T a NX6992
- NOT NX6794 m
NX6514 m
a NX7438 A
A >c out
B aur
NX4881 m NX6317 = a NX4562
L A aur Nor c } > NX7732 = ®
NX5176
B A T a NX7414
2217 m—] NANDR NOT NX6427 \OR3
NX6820 m
A A QUT— = NXI256
NX4295 NX7999 m
A our A aur 5 wr N7078 =
B ) NX5180 5 NX2458 a NX6393
NX6994 m c o
G182 m— S NAND NX7644 m
NX5297 = NX4698 =
L Al T NX7562 m A ar m NX6846 A our
5 NXL1194 - NX4945
A B NX6673 A out
NX5145 m—I NAND NX7540
NXL380
B NOR2 NE379 B
A aur A aur .
a NX6842 c NANDD
A aur B NOT NX7268 m——
U_CENTRAL_TRI G_REQ STER] 2]m a NX6952 R
BUF NAND2 NX4825
NOR4
NX4168 -J
A ><> ar m NX6844 A
NXG416 m
NX7330 m A T a NX7046 NoT 5 NXL054
NOT NX7260 m
c NX4164
A ot U_REG CURRENT_STATE] 1: 0]
A ar a NX7000 R
NX7622
NXB22 m A T a NX7982 NoT N
NOT Buf 4 = NX7981
a NX7140 a NX7426 A
NX3906 ®
B NX7138
NX4821 m
NX314 c NX6009
NX2273 =
A QUT—a NX1512 NX304 m A auT R
NX6820 m
NX7512 m— | NANDA
o NX310 o NX2220
VX2 VOXZ our
NX3740 m A
B ) NX6419
NX4635 m
U_READOUT_CLK_COUNT[ 2: 0] 4 NoR2
NX296 m A el NX7320 m A
B NX4625 A B ot
NX6816 m A QUT— a0 NX1626 NX6403 m—] a NX7170
NX7436 m NOR2 B NX7314 -J c
GOFE_ADDR] 3: 0] o G934 NCR2 ADC out NCRS
VX2 NOT
NX7730 m ® NX4633 m A U— w NX4629 NX4244 m A
B AT, AX6395 NX7098 m A UT— = NX3299
NX4631 -—, ] NX4236 -—, c
Mix2 NOR3 CONFI G REQ 2: O]J o
VX2
U_GCFE_READBACK_LATCH =
NX2227 m
W R gcrc_chip
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U_CENTRAL_LATCHED STATUS ERR

NX7398

NX1880

NX5367

NX5362

NX1900

NX7084

NX7112

NX3289

NX6856

NX7498

NX7326

NX612

NX7132

NX7480

NX1360

NX1194

NX5311

A >c ar a NX7090
NOT

A >c ar a NX7116
NOT

P Q | &G DATA IN 14]
DFFC
 [OK B NG200
ar

A\[>O ar a NX7770
NOT

A
B

ar NX166
c 1664
D
NORA
A
B T a NX1416
c
NORS

NX2592

NX2608

U_GCFE_RETURN_DATAO[ 3: 0]

NX5661

NX5664

NX2201

NX330

NX7018

NX4563

U_GCOFE_EN READ_CLK

NX7360

NX2165

NX2210

NX7366

NX6796

NX7470

NX1044

NX4476

NX4487

&

[———=a NX3609

§

A QUT——-a NX3619

=
)
MIX2
aut
) S

><> ar a NX7712

aut

DDOUT—- NX4851

;
F

(e¥))
j)—l NX2336

aut
i S

NX1704 =

EL

A QUT——- NX3149

& NX7766

NX600 m

U_CENTRAL_COWMM ERR REQ 15: 0]

NX1626 =

——a NX2519

& NX7768

NX4929 -—Q—A{>oﬂ
NOT

NX1580 =

EL

———a NX3099

EL

———=a NX3059

NX1512 =

———a NX2999

g
@ —SEL

m NX7764

U_GCOFE_GCFE_ADDR FA_REQ 8: 0]

NX3339 o P Q
DFFC
oLk ®
R
NX3349 m o Q
DFFC
® oLk ®
R
[ S
NX3359 m o Q
DFFC
oLk
® (03]
R
[ S—
NX3369 m o Q
DFFC
CAL_OK = ® CLK B
R

[———a NX4659

NX2132

ouT
NX5568 m
—
L
VO
R GHT_FIRST_C
NX7606
A aur
NX7690 m B
NOR2
A aur

B NX2146
NX7610 =
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NX5494 m A aur
B
A aur NOR2
NX7438 m B ) >
NOR2
NX208 m
l A aur
NX2458 = B )
NAND?
NX7002
A aur A aur
NX4629 m—| B B )
NOR2 NAND?
A aur
NX6962 m B
NOR2
NX7004 m A our
B
NX4534 m NCR2
A aur
NX300 w_.
A aJr NOR2
NG14 m B ) >
NOR2
A
NX346 =
5l
) aur
N2 m c
D |
NOR4
NX7420 = A el
B
NX4572 = NANDZ
i
A aur
B i
NAND?
A
B
C }.
NX5634 m D

NQ70 m A aut
B
NX386 -J NAND2

NX2460

NX5471

NX330

NX5505

Nx414

NX2233

NX7340

NX7592

NX2164

NX2168

NX2862

NX112

NX7336

NX7596

NX7352

— NAND2

| A our
=) >

(S o

| A our
=) >

- o

| A our
) >

— |

NX7344 = A >c ar .
NOT

A [~ OUT
NX2169 = u
BUF
U_CENTRAL_CURRENT_STATE] 3: 0] ﬁA ar
B
NAND2

NX4832 m A ar
B )O—'

NX694

NX2167

NX5738

NX4273

NX7358

NX7354

NX7594

NX6830

NX7394

NX5736

NX7396

NX1454 =

NX7766

NX1320

U_CENTRAL_COWMM ERR REQ 15: 0]

NX4929 =

DAC_DATA_REQ 14: 0]

NX7176

NX7985

NX7146

NX7986

NX1728

NX7724

QUI————=a NX2949

B
_
)
MIX2
A
_
)
MIX2

QUI——=a NX2879

A Dc ar m NX7486
NOT
A
B out
c NX4750
D
Al 22
A
B out
c NX4737
D
Al 22

EL

[——————a NX3169

NX6784 =

NX6152

NX6186

NX6176

NX7228

NX6786

NX6168

ADC_CONV_TI ME_REQ 7: 0]

NX7996 =

NX6188
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NX7044 =
LA
68 NX7070 m B b = nxs031
N4 A aut NX6992 -—I A c
NARDS
B NX300 Ut a NXG616
DAC_DATA REQ 14: 0] 6992 e s R ): NX7318 =
A
NX7186 NX7314 =
B ot NX3169 m o Q G DATA | N 14: 0] NY5682 m— A ar | ) .
DFFC NX2552
c NX5124 B Do—- NX7000 =—@ - o NX7078 B ) >o—0—- e
U_CENTRAL_COMM ERR REQ 2] oLk @ | 2199 5 a N191 .
D NAND2 NOR2
CLR
NX7414 -_—l N2 5314 A
NX7088 AQ 22 NX4625 m—p A our A or B our
NXEBEE m 5 o= Nx5502 *B)_>°
A C
NX1968 m— | NANDZ NOR2
A B NOR3
Nz NX3069 m P Q NXA501
2 ' DFFC c ® m NX612
aur
c NX4799 NX2532 m A D
NX7198 #——m———— CAL OK m ® ALK B | B NX5661
b _
CLR
NOR2 AQ 22
-—,— NX7450 m NX7324 m A ar a NX7670
NX7142 201 22
Py a NX6962 NOT
NX6864 =
A T
NX4525 = A aur
B NX4575
ADC_CONV._TI ME_REQ 7: 0] 5 ® m NX6988 A
) Q NX7408
NX7200 B A S eais c
3 LK s | A NX7404 = B =
— > CONV_TI ME_REG 7: 0] NX2488 = L NS
B ATy nx5939 A T
c NX7418 = L
A out NX7118 Nx2482 NoT ar NX7076 = A T
NOR3 A B NX718
NOT ﬁ)c a NX208 Ti
D Q NX7068 = NAND2
NX3009 = A NOR2
A A NX2809 DFFSEU )
B aut
NX2314 = a NG664 NX2197 = A
NX7196 = LK ® A ur DATALESS OMD _ERR
— ¢ B our
3 NANDS B ) a NX5923 a NX5311
c
NX7740 B——@ MIx2 X328 = o READ OMD EFR =
NX7424 = NOR3
SAVP I—A NX7422 a NX4529
ADC_SAVPLE_DELAY_REG 5: 0] NX2989 = o Q | wDC SAVPLE DELAY REQ 5] A ar B T A aur A wur
= Nvese NX7496 m= a NX7498
DFFSEU B
A NOT C & NX6990 NOT
NX786 A aur oLk @ VNS
- NOR2
. wr 7112 —@ Dc ® NX6980 m NX2229
NOT
STATUS REQ 1] ¢ 16262 NX6960 m A A
AT -—
- A out ® B
D  NX7114 2197w DC . NX400 NX1360 m = ar
-f Nor A ar NX7438 m A\[>O T c c ) NX6562
NX776 AQ 22 5 Do—. NX7018 NOT b
U_GOFE_CURRENT_STATE] 3: 0] 1408 D |
NAND2 NX7402 m \ANDA NORA
NX6564 m—
W R gcrc_chip
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NX6611 NX5401 A ar
GCFE_ADDR] 3: 0]1:A L m NXI580 5 o a NX2559
NX7062 = A>c ar a NX7676 B NX6501 DOOUT—. NXA4754 NX5405 NAND GOFE._ADDR{ OJm A U— = NX1320
NOT i B
NX6655 NG29L m—— ar NX7070 = I
NX6956 m A our a NX7686 a NX2849 Mix2
NOT NX7730 = B
NX5299 NAND
NX4079 | READOUT_DATA_BUFFERO] 5: 0] NX7732 =
ADC_SAMPLE_DELAY_REQ 5: 0]
A I A STATUS _REQ 4: 0] A
NX4267 #——————— I A NX7326 =
B our 7124 o B | our 5 B ar NX5068
c NX494 c NX5138 NX5145 g— B | c
NX2167 = c NX2779 D
b I b NX6940
STATUS _REQ 4: 0] b
NX1192
NX486 ACR2 AQ 22
NX776 m— | X4089 ACR2 NX2218 m A
G173 m— B NX5403
Ne17s m—— | 4
NOR2
a NX2218 NX1360
T > A I
NX5276 o 5 NX2919
NX1408 B NAND NX1282 m A
c a NX4929 NX5326 B NX5293
NX2168
A Y5383 D A oor NOR2
B a NX5216 - NX7568 = NX6868
NX5218 NX4049 NOT
NoR2 NX2209 m— | NX1104 m A
B NX5271
A ot NX6866
5 NX456 m A T a NX7726 - NX758 m NoR2
NX942 p—oon ] ————————ai) DAC CLK_COUNT[ 0] NOT
DFFC
ADC_OONV_TI ME_REQ 7: 0] NX7068 m A ar
CALOK o—— 10K L m NXB437 5 5 NX5019
ar NX1366 m— | L u READ OMDERR o— 5|
NX7136 A NX4059 PFFC NAND2
NX6874 m B or LK L . 5325 ADO =LY a NX7318
NX5042 CAL_OK —@ |
N9 c aRr NOT
NX7972 A 2 FUNT] 2: 0] A\[>O a NX7314
B a NX908 NX6862 m NOT
NX7104 20122
NX904 NoR2 NX818 -—I
NX2231 m P | & DATALESS OMD ERR A )
NX822
NX54 A X812 A NX4069 PFFC NX5424 m B
B a NX2212 B our ALK L = NXB322
NX5130
NX4860 NOR2 RANGE DELAY REQ 2jm— C | CAL 0K m (cLK ar
.—,7D ar NX7322_XX0_XREP53 m A\[>O a NX7078
NX6860 =
NOT
NX7126 20122 NG93s =@ |
W R gcrc_chip
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2211 m
l A out
NX4327
B
NX364 =
NX7070 NX5209 A ar NAND
A U_DAC_CLK_COUNT[ 1: 0] A ar 5 NX710 NX5269 A ar
5 I 5 NX5892
NX7480 m ar NX5221 NN 5 a NX2699
c Nxrre NX5947 NAND2 NX5278
NAND2 A out
NX7080 m | D I—A NX2173 A 5 o A ar
NX2968 w— B | NX2179
NCRA NX7508 B NX4271 m A T NX2168 B
NX5945 B ar NX510 A ar NAND2
¢ NoT NX6900 NX5306 NAND2
NX7046 - ® c 308 5 .
NX6013 NS NANDZ
NX7076 201 22 NG230 B— A NX4421 NX3150 m A
A 5 ar STATUS_RE 4: 0] 5 ar
X456 A ar A ar T a NX4235
B >: aur c >: >: c
NX7066 m X818 NX5232 m NX5151 a NX5401 NX2165 m
- A out NARS 472 B 5403 B NARLS
NX3906
NARS - B A wr NAND2 NAND2 e X604
NX7324 -J NANDZ B NX7340 m
NX2225 ot
NX4406 m 2 -l XOR2 A A out .
NX7642 5 NX3022 ur B | = NX2980
NX718 m A ar B NX4638 5 a NX5291 NX2161 m
ur NX2287 NX5293 m— B |
A NX2243 NX4413 NAND2 NCR2
B NX5240 NX7236 B Xar2 NAND2
NX7326 m NAND
NOR2 NX7352 m A T NX7356 A T
A out
NOT m NX6852 NOT
A NX7614 A ar NoT TEM OMD DATA MSB m— o Ul— = NX3329
5 NX2260
B
B r NX722 NANDD NK4871 m A ar NX6956 A ot 5 o
c NOT am NX6854 NX1954 ] NX430 = —
NX7048 m NANDS NOT VO DFFC
NX7506
A or A our A ar = NX7564 CAL CK ® LK Bl a2l
NX7072 m ® NX6492 CAL_NOVD = NX4267 NX7722
. wr B - 628 NOT ar
B NX5381 NX7516 o " A ar m NX7566 A ot
[ — NOT X974 a NX7160 NX6854 m
N, NX7332 NX742 NOT
A out A
5 NX6387 B | A DAC_DATA_REQ 14: 0] NX7334 = A T NX7600
A — m NX7482 NX2158 NX4849 m— B | NX5068 NOT
— NAND c NX4846 B A
B
ar NX5145 NX7172
c ) >o——- NX1366 NX4851 -—I D 2217 ¢ ) B or
NX7320 m _— A R c NX4791 o
L o] B ot AQ 22 NANDA NX7194 b A ® a NX7336
N NX6533 NX7358 =——@ NX2210 NOT
NX7760 m—@ c
N990 NS A ar NX7142 m— 1 AQ22 m NX7346
5 NX5221 NX7064 A >c ur
NX3442 I—A OUT————m NX600 A Qur
A\[><> ar a NX7484 NAND2 REG DATA | N[ 14: 0] a NX7983 Nor A our
NX6818 NX2794
Nor NX6826 buf 4 NX694 m B
NX6536 A ouT m NORZ
NI
NX6564 A [N_OUT
NX5068 m A or NX66 B m NX7984 NX7344 m A\[>O T
B ) NX7124 NOR2 G734 buf 4 NOT A our
NX7332
NOR2 B
. ﬂ—.
NOR2
a NX7596
W R gcrc_chip
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NX2852
A NX4939
NX476 m
A or NX2794 m B T I—A
NX6788 m—— NX5791 ) a NX5824
B c NX5322 m B o AT m NX1408
X462 m—] — NX6826
A NoR2 NX2788 m D A or c
NX4819 N B NX3438
NX4273 NX5325 NX722 ur
A B NX5732 m A wur NX6830 o A
c NX1392 LA, Q2778 m— | B NX726
B U_REG CURRENT_STATE] 0] 5 NX6496
NX4832 m— B | NX4837 NX7482
c NX4271 D NX5505 m—I NANDR A NoR2
U NX5794 NX2211
b U_REG_NONSEU_REG LOAD A B ur
NX4417 NX5420 NX4933 A ur
A ot 5 ar c NX7100 = a NX7104
20122 a NX6796 NX7006 = a NX478 NX4301 NOT
G328 '_| A r L nor c NOR3
A R W1:0]
- NX2559
a NX7372 NX4455 NX6902
NX4400 m A ar G173 #— B | AT, NX5326 A A I o nx7108
5 NX4421 c NOT
NARLS A T A I o nx6822 NR177 m A aur NX5164 B
NX4423 NAND2 NX1408 NOT NOT 5 a NX5822 c NX5162 NX5197
A
A NQUT A ur m NX7368 NX112 ﬂ NX7468 o—> NX6870 5
NXEO m NX6826 NX1416 NANDS REG DATA | N[ 14: 0] ar
BUE B NX5308 0 NX2227
N, A IT_ o nx6820 NX2236 m— X652 R
NX6828 NX758 NOT NX2919 NX5235
A aJr NOR4
5 NX5218 A our N2862 m A NX4417 A aur
NX694 NX7140 = a NX7142 A ot B 5 NX4646
o NOT NX7562 m a NX6848 A ur
NOT c NX5815 NN NX7566 a NX6864
NX5818 m NX7398
NX7600 #—— b NoT
A NX6862
Nasoz NX4399 = A I o 7754 NX2880 -—, NX2163
NX7594 A B oT AQ 22 A A IT_ o nx6862
5 c NX5235 NOT
ar NX5240 B NX2779
c NX78 R NX6952 NX694
NX6824 A ar A c NX6567
R NANDS NX2181 = a NX6966 A ur
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1 PURPOSE

This document documents the VHDL code in the GLAST Large Area Telescope (LAT) flight Calorimeter Readout Control
version 5 (GCRC5) ASIC.

2  DEFINITIONS

2.1 Acronyms
GLAST - Gamma-ray Large Area Space Telescope

GCFE - Glast Calorimeter Front-end Electronics
GCRC - Glast Calorimeter Readout Control electronics
LAT - Large Area Telescope

CAL — Calorimeter Detector

TREQ - Level 1 Trigger Request

TEM - Tower Electronics Module

3  APPLICABLE DOCUMENTS

[1] Calorimeter Readout Control ASIC — Conceptual Design, Submission 5, LAT-SS-00208-05.

4  GCRC OVERVIEW

One of the two custom ASICs required for the GLAST Calorimeter is the Glast Calorimeter Readout Control (GCRC) Application
Specific Integrated Circuit (ASIC). The basic function of the GCRC is the interface between the Tower Electronics Module
(TEM) and the Glast Calorimeter Front End (GCFE) ASIC. The GCRC passes commands from the TEM to GCFEs, controls
event readout of the log ends, and passes data back to the TEM. The GCRC is a digital chip with Low Voltage Differential
Signalling (LVDS) Inputs and Outputs (I1/0). The GCRC ASIC is fabricated in the processes for the 0.5 um Agilent CMOS
process.
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5 GCRC5 ASIC MODULES

5.1 GCRC_CHIP.VHD

-—-Project name: GLAST GCRC

--Filename: GCRC_CHIP.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab

--Revision: 1.0 (11-12-01)

-— First version.

-— 1.0 Rev B (11-14-01), Deleted signal not used.

-— 1.0 Rev D (11-29-01), Modified chip signal names to be more

- consistant with GCFE signal naming and documentation.

- 2.0 (1-2-02), Added signals for added Status Register bit and

-— added GCRC Config Register bit. Also added signals for

-— Read_Cmd_Err and Write Cmd_err.

- 3.0 (2-20-02), Changed LE & HE DISC signal names to indicate

- asserted low signals, ie. LE_NDISC.

- 4.0 (3-5-02) Added code to pass clocked GCFE data to READOUT module.
-— Delay of GCFE data was causing problems. Rename CMOS level 1/0

- signals to have " _C" suffix.

- 4.0 Rev A (3-29-02) Passed Latched Correct Addr and Correct_ Addr

- to GCRC_GCFE module.

- 5.0 (9-10-02) Changed TEM command decoding. Added TEM Reset command.
-— 5.1 No Change.

- 5.2 No Change.

- 5.3 (12-11-02) Added signals between GCFE module and Central module.

--Function: Top level design file for GCRC.

--library GCRC;

library I1EEE;

use IEEE.std_logic_1164._all;

use leee.std _logic_unsigned.all;
--use gcrc.gcrc_pkg.all;

entity GCRC_CHIP is
port (

ADDRO_C: in STD_LOGIC;
ADDR1_C: in STD_LOGIC;
ADDR2_C: in STD_LOGIC;
ADDR3 C: in STD_LOGIC;
RIGHT_FIRST_C: in STD_LOGIC;
CAL_NRESET: in STD_LOGIC;
CAL_NTREQLE: buffer STD_LOGIC;
CAL_NTREQHE: buffer STD LOGIC;
CAL_NCMD: in STD_LOGIC;
CAL_CLK: in STD_LOGIC;
CAL_NDATAO: buffer STD_LOGIC;
CAL_NDATA1: buffer STD_LOGIC;
ADCO_DATA C: in STD LOGIC; --12 ADC Data Lines
ADC1_DATA C: in STD_LOGIC;
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ADC2_DATA_C: in STD_LOGIC;
ADC3_DATA_C: in STD_LOGIC;
ADC4_DATA_C: in STD_LOGIC:
ADC5_DATA_C: in STD_LOGIC;
ADC6_DATA_C: in STD_LOGIC;
ADC7_DATA_C: in STD_LOGIC;
ADC8_DATA_C: in STD_LOGIC;
ADC9_DATA_C: in STD_LOGIC:

ADC10 DATA C: in STD_LOGIC;
ADC11_DATA C: in STD_LOGIC;
LE_NDISC: in STD_LOGIC;
HE_NDISC: in STD_LOGIC;
DATAO: in STD_LOGIC;

DATA1l: in STD _LOGIC; --12 GCFE Data Lines
DATA2: in STD_LOGIC;

DATA3: in STD_LOGIC;

DATA4: in STD_LOGIC;

DATA5: in STD_LOGIC;

DATA6: in STD _LOGIC;

DATA7: in STD_LOGIC;

DATA8: in STD_LOGIC;

DATA9: in STD_LOGIC;

DATA10: in STD_LOGIC;

DATA11l: in STD _LOGIC;
DAC_DATA_IN_C : in STD_LOGIC;
DAQ_CLK: buffer STD_LOGIC;
CMD: buffer STD_LOGIC;
GRESET: buffer STD LOGIC;
START_ACQ: buffer STD LOGIC;
CALIB_STRB: buffer STD_LOGIC;
ADC_NCS_C: buffer STD_LOGIC;
ADC_CLK C: buffer STD_LOGIC;
DAC_NCS _C: buffer STD LOGIC;
DAC _CLK C: buffer STD _LOGIC;
DAC_DATA C: buffer STD _LOGIC

end GCRC_CHIP;

architecture top_level of GCRC_CHIP is

signal NRESET : std _logic;

signal CLK : std_logic;

signal TEM_CMD > std_logic;

signal CONFIG_PARITY : std _logic; -- From GCRC register.

signal WIRED_ADDR : std _logic_vector(3 downto 0); -- Hardwired GCRC address
signal STATUS REPLY_ERR : std _logic; -- GCFE not reply, timeout error.

signal R W : std_logic_vector(l downto 0); -- Read/Write not, TEM command bit
signal FUNC : std _logic_vector(2 downto 0); -- TEM function bits.

signal GCFE_CLK_ENV : std logic; -- DAQ CLK envelope from GCRC READOUT module.
signal GCFE_RESET_ENV : std logic; -- RESET envelope from GCRC READOUT module.
signal GCFE_DELAYED RTN_DATA : std_logic; -- Serial data returned from 1 of 12 GCFEs.
signal GCFE_TRANS : std _logic; -- GCFE is transmitting data to GCRC.

signal GCFE_WRITE : std_logic; -- GCRC is writing to GCFE.

signal GCFE_CMD_BIT : std_logic; -- TEM GCFE command bit

signal GCFE_ADDR : std logic_vector(3 downto 0); -- Address in GCFE command.
signal GCFE_DATA : std_logic_vector(11l downto 0); -- 12 GCFE serial data inputs.
signal TEM_CMD_DATA_MSB : std_logic; -- TEM command data most significant bit.
signal GCRC_TRANS_RECV : std logic; -- GCRC is transmitting to the TEM

signal GCRC_DATA OUTO std logic; -- GCRC serial data outO
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signal GCRC_DATA OUT1 : std logic; -- GCRC serial data outO

signal GCRC_IN_READOUT : std _logic; -- GCRC is performing range readout.

signal GCRC_DAC WRITE : std_logic; -- GCRC is writing to the DAC, to GCRC_TRIG.
signal STATUS TRIG_ERR : std logic; -- Bit to be placed in status register.
signal STATUS FA ERR : std logic; -- Bit to be placed in status register.
signal STATUS DATA ERR : std logic; -- Bit to be placed in status register.
signal STATUS REG : std _logic_vector(4 downto 0); -- Status error register.
signal RANGE_DELAY_REG : std_logic_vector(5 downto 0); -- Peak hold settling time.
signal ADC_SAMPLE_DELAY_REG : std_logic_vector(5 downto 0); -- Analog Mux settling
time.

signal ADC _CONV_TIME_REG : std logic_vector(7 downto 0); -- ADC Conversion time.
signal DAC_DATA REG : std _logic_vector(15 downto 0); -- Onboard DAC data.

signal CONFIG_REG : std_logic_vector(2 downto 0);-- GCRC configuration register.
--signal DEAD_TIME_REG : std logic_vector(7 downto 0); -- GCFE trigger dead time
register.

signal GCFE_SAMPLED DATA : std logic_vector(1l downto 0); -- Clocked GCFE data.
signal CALIB_CMD : std _logic; -- Decoded calibration command.

signal CORRECT_FA_PARITY : std logic; -- Correct TEm function & address parity flag.
signal CORRECT _DATA PARITY : std logic; -- Correct TEM command data parity.

signal TEM_PARITY_ERR : std logic; -- Any TEM command parity error.

signal CORRECT_ADDR : std logic; -- TEM command matches GCRC wired address.
signal LATCHED CORRECT_ADDR : std_logic; -- Latched version of correct address.
signal TRIGGER : std _logic; -- TEM commanded trigger, to GCRC_READOUT module.
signal TRIGGER_MODE : std _logic; -- Single range readout = "0".

signal REG_DATA_IN : std _logic_vector (15 downto 0);--input parallel data
signal DAC _DATA REG SHIFT : std logic; -- Shift DAC data by one, to GCRC_DAC module.
signal DAC_WRITE : std_logic; -- Onboard DAC is being written to.

signal ADC_DATA : std _logic_vector (11 downto 0); -- Serial data from 12
ADc"s

signal adc_read_begin : std _logic; -- Begin ADC readout, from GCRC_ADC module
signal ADC_SAMPLE_CLK : std logic; -- ADC clock from GCRC_ADC module

signal adc_read_done : std _logic; -- ADC has completed readout, to GCRC_ADC module
signal adc_sample : std_logic; -- Begin ADC conversion, to GCRC_ADC module
signal RANGE_DATA OUTO : std _logic; -- Combined ADC and GCFE data to the TEM
signal RANGE_DATA OUT1 : std _logic; -- Combined ADC and GCFE data to the TEM
signal WRITE_CMD_ERR : std _logic; -- TEM Write command error, no action taken.
signal READ_CMD_ERR : std_logic; -- TEM Read command error, not correct read.
signal RIGHT_FIRST : std_logic; -- Left-right swapping control.

signal DAC_DATA_IN : std logic; -- Onboard DAC data.

signal ADC_NCS : std logic; -- ADC chip select, asserted low.

signal ADC _CLK : std logic; -- ADC clock signal.

signal DAC_NCS : std _logic; -- Onboard DAC chip select, asserted low.

signal DAC_CLK : std logic; -- Onboard DAC clock.

signal DAC_DATA : std logic; -- Onboard DAC serial data signal.

signal RESET_CMD : std logic; -- Commanded reset from TEM.

signal DATALESS_CMD_ERR : std_logic; -- TEM Dataless Cmd Not recognized. Added for
Ver 5.

signal GCFE_TRANS_LOWER : std_logic; -- Ver 5.2. Shifting lower GCFE data bits to

GCRC_Central module.

Component GCRC_TEM is

port (
GCRC_DATA OUTO : in std _logic; -- Command reply data from GCRC_CENTRAL module.
GCRC_DATA OUT1: in std_logic; -- Command reply data from GCRC_CENTRAL module.
RANGE_DATA_OUTO : in std_logic; -- Range readout data from GCRC_READOUT module.
RANGE_DATA OUT1 : in std_logic; -- Range readout data from GCRC_READOUT module.
CAL_NCMD : in std_logic; -- Command line to TEM.
CAL_CLK : in std_logic; -- System clock from TEM
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CAL_NRESET : in std _logic; -- System RESET from TEM, asserted low.
RIGHT_FIRST : In std _logic; -- Readout left-right switch control.
RESET_CMD : in std_logic; -- Commanded reset from TEM.
CAL_NDATAO : buffer std_logic; -- Output data line to TEM
CAL_NDATA1 : buffer std_logic; -- Output data line to TEM
TEM_CMD : buffer std_logic; -- TEM command to GCRC_CENTRAL module.
CLK : buffer std_logic; -- Feedthrough clock.
NRESET : buffer std_logic -- Feedthrough RESET.

)

end component;

Component GCRC_CENTRAL is

port(
NRESET : in std _logic; -- Global RESET.
CLK : in std logic; -- System 20 MHz clk.
CONFIG_PARITY : In std _logic; -- From GCRC register.
WIRED_ADDR : in std_logic_vector(3 downto 0); -- Hardwired GCRC address
TEM_CMD : in std_logic; -- Serial command bits from the TEM.
GCFE_DELAYED_RTN_DATA : in std logic; -- Serial data returned from 1 of 12 GCFEs.
GCFE_TRANS : iIn std_logic; -- GCFE is transmitting data to GCRC.
GCFE_WRITE : in std_logic; -- GCRC is writing to GCFE.

STATUS_REPLY_ERR : in std_logic; -- GCFE not reply, timeout error.

WRITE_CMD_ERR in std_logic; -- TEM command error, no GCRC action taken.

STATUS_REG in std_logic vector(4 downto 0); -- Register from GCRC_REG
module.

RANGE_DELAY_REG : in std_logic_vector(5 downto 0); -- Register from GCRC_REG
module.

ADC_SAMPLE_DELAY_REG : in std_logic_vector(5 downto 0); -- Register from GCRC_REG
module.

ADC_CONV_TIME_REG : in std_logic vector(7 downto 0); -- Register from GCRC_REG
module.

DAC_DATA_REG : in std_logic_vector(15 downto 0); -- Register from GCRC_REG
module.

CONFIG_REG : in std_logic_vector(2 downto 0); -- Register from GCRC_REG
module.

GCFE_TRANS_LOWER : in std_logic; -- Added Ver 5.2

R_W > buffer std_logic_vector(1l downto 0); -- Read/Write not, TEM
command bit

FUNC : buffer std_logic vector(2 downto 0); -- TEM function bits.

GCFE_CMD_BIT : buffer std _logic; -- TEM GCFE command bit

GCFE_ADDR : buffer std_logic_vector(3 downto 0); -- Address in GCFE command.

TEM_CMD_DATA MSB : buffer std_logic; -- TEM command data most significant bit.
REG_DATA_IN buffer std_logic_vector(15 downto 0); -- TEM command data.
GCRC_TRANS_RECV : buffer std logic; -- GCRC is transmitting to the TEM
GCRC_DATA_0UTO : buffer std_logic; -- GCRC serial data outO

GCRC_DATA 0UT1 : buffer std_logic; -- GCRC serial data outO

STATUS_TRIG_ERR : buffer std_logic; -- Bit to be placed in status register.

STATUS_FA_ERR buffer std logic; -- Bit to be placed in status register.

STATUS_DATA ERR buffer std logic; -- Bit to be placed in status register.

READ_CMD_ERR : buffer std_logic; -- Correct parity from TEM, but Invalid
Command .

CALIB_CMD : buffer std_logic; -- Decoded calibration command.

CORRECT_FA PARITY : buffer std _logic; -- Correct TEm function & address parity
flag.

CORRECT_DATA_PARITY : buffer std_logic; -- Correct TEM command data parity.

TEM_PARITY_ERR > buffer std_logic; -- Any TEM command parity error.

CORRECT_ADDR : buffer std_logic; -- TEM command matches GCRC wired address.

LATCHED_CORRECT_ADDR : buffer std_logic; -- Latched version of correct address.
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TRIGGER : buffer std_logic; -- TEM commanded trigger, to GCRC_READOUT
module.
TRIGGER_MODE : buffer std_logic; -- 1 or 4 range readout mode, to GCRC_READOUT.
RESET_CMD : buffer std_logic; -- Commanded reset from TEM.
DATALESS_CMD_ERR : buffer std_logic -- TEM Dataless Cmd not recognized.
R

end component;

Component GCRC_REG is

port(

NRESET : in std _logic; -- Chip wide RESET

CLK : In std_logic; -- 20MHz system clock

GCFE_CMD_BIT : in std_logic; -- Decoded TEM command is for the GCFE

R W : in std_logic_vector(1l downto 0); -- Write to register = 0, Read
from register = 1

FUNC : In std_logic_vector(2 downto 0); -- TEM command function

REG_DATA_IN : In std _logic_vector(15 downto 0);--input parallel data

CORRECT_FA_PARITY : in std_logic; -- Function and address of TEM command

CORRECT_DATA_PARITY: in std_logic; -- Data of TEM command

TEM_PARITY_ERR : in std_logic; -- Any TEM command parity error.

CORRECT_ADDR : In std _logic; -- TEM command matches GCRC wired address.

LATCHED_CORRECT_ADDR : in std_logic; -- Latched version of correct address.
STATUS_TRIG_ERR : in std_logic; -- Trigger parity error

STATUS_FA_ERR : in std_logic; -- Function address parity error

STATUS_DATA ERR : in std_logic; -- Data parity error

STATUS _REPLY_ERR : in std_logic; -- Error, GCFE not reply befor timeout.

READ_CMD_ERR : in std_logic; -- Correct parity from TEM, but Invalid Command.

DAC_DATA_REG_SHIFT : in std_logic; -- Shift DAC data by one, to GCRC_DAC module.

DAC_DATA_IN : in std_logic; -- Data shifted out of onboard DAC.

DATALESS CMD_ERR : in std _logic; -- Dataless Cmd not recognized.

DAC_WRITE : buffer std_logic; -- Onboard DAC is being written to.

DAC_DATA : buffer std_logic; -- Most sig bit of reg, to onboard DAC.

CONFIG_PARITY : buffer std_logic; -- Parity mode

WRITE_CMD_ERR : buffer std_logic;-- TEM command error, no GCRC action taken.

STATUS_REG : buffer std_logic vector(4 downto 0); -- Register to GCRC_CENTRAL
module.

RANGE_DELAY_ REG : buffer std_logic vector(5 downto 0); -- Peak hold settling
time.

ADC_SAMPLE DELAY_REG : buffer std_logic vector(5 downto 0); -- Analog Mux settling
time.

ADC_CONV_TIME_REG > buffer std_logic_vector(7 downto 0); -- ADC Conversion
time.

DAC_DATA REG : buffer std_logic vector(15 downto 0); -- Register to
GCRC_Central module.

CONFIG_REG > buffer std_logic_vector(2 downto 0) -- Register to GCRC_Central
module.

):

end component;

Component GCRC_GCFE

port(
NRESET : in std_logic; -- Global RESET.
CLK : in std_logic; -- System 20 MHz clk.
GCFE_ADDR : in std_logic vector(3 downto 0); -- GCFE address sent by TEM.
GCFE_CMD_BIT : in std_logic; -- TEM command is for GCFE.

R_W : in std_logic_vector(1 downto 0); -- Read/Write not
FUNC : in std_logic_vector(2 downto 0); -- TEM function bits
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TEM_CMD_DATA MSB : in std logic; -- TEM cmd data most significant bit, from
CENTRAL_CONTROL .

CORRECT_FA_PARITY : in std_logic; -- TEM command function and addrss has correct
parity.

CORRECT_DATA_PARITY: in std_logic; -- TEM command data has correct parity.

TEM_PARITY_ERR : in std_logic; -- Latched value of any TEM command parity error.

GCFE_DATA : In std_logic _vector(1l downto 0); -- Serial data bits from 12
GCFEs.

GCFE_CLK_ENV in std _logic; -- DAQ CLK envelope from GCRC READOUT module.
GCFE_RESET_ENV in std _logic; -- RESET envelope from GCRC READOUT module.
RIGHT_FIRST in std_logic; -- Right first, log end addressing switch.

LATCHED_ CORRECT_ADDR : in std logic; -- Latched correct GCRC address.

CORRECT_ADDR : In std_logic; -- Correct GCRC Address.
STATUS_REPLY_ERR : buffer std_logic; -- Error, GCFE not reply prior to timeout.
DAQ _CLK : buffer std_logic;-- Clk out to GCFEs.

GCFE_DELAYED_RTN_DATA : buffer std_logic; -- Mux selected 1 of 12 GCFE data bits.
GCFE_TRANS : buffer std _logic; -- GCFE is transmitting data to GCRC.
GCFE_WRITE : buffer std_logic; -- GCRC is writing to GCFE.

CMD : buffer std_logic;-- Serial command and data to the GCFE.
GRESET : buffer std_logic; -- RESET command to GCFE as data envelope.
GCFE_TRANS LOWER : buffer std _logic; -- Added ver 5.2.

GCFE_SAMPLED_DATA : buffer std_logic_vector( 11 downto 0) -- Clocked GCFE_DATA.
)

end component;

Component GCRC_READOUT is

port (

NRESET : in std_logic; --Chipwide RESET, asserted low

CLK  in std_logic; --20 MHz System Clock

TRIGGER : in std_logic; -- Readout command has been received

TRIGGER_MODE : In std _logic; --- "0" is 1 range readout, "1" is 4 range
readout"

GCFE_SAMPLED_DATA : in std_logic vector (11 downto 0); -- Clocked data from 12
GCFE"s

ADC_DATA : in std_logic_vector (11 downto 0); -- Serial data from 12 ADc"s
ADC_READ_BEGIN : In std _logic; -- Begin ADC readout, from GCRC_ADC module
ADC_SAMPLE _CLK : in std_logic; -- ADC clock from GCRC_ADC module
RANGE_DELAY_ REG : in std_logic_vector (5 downto 0);
ADC_SAMPLE DELAY_REG : in std_logic_vector (5 downto 0);
CONFIG_PARITY : in std_logic; -- Register parity mode, "0" is odd parity.
GCFE_CLK_ENV : buffer std_logic; -- GCFE clock envelope
START_ACQ : buffer std_logic; -- GCFE readout state machine start
GCFE_RESET_ENV : buffer std_logic; -- GCFE command envelope
ADC_READ_DONE : buffer std_logic; -- ADC has completed readout, to GCRC_ADC
module

ADC_SAMPLE : buffer std_logic; -- Begin ADC conversion, to GCRC_ADC module
ADC_CLK : buffer std_logic;-- ADC Clock to ADC chips
RANGE_DATA_OUTO : buffer std_logic;-- Combined ADC and GCFE data to the TEM
RANGE_DATA_0OUT1 : buffer std_logic; -- Combined ADC and GCFE data to the TEM
GCRC_IN_READOUT : buffer std _logic -- GCRC is performing range readout.
)

end component;

Component GCRC_ADC
port (
NRESET : in std_logic; --Chipwide RESET, asserted low
CLK : in std_logic; --20 MHz System Clock
ADC_SAMPLE : in std_logic; -- Notification to begin ADC conversion, from

GCRC_READOUT
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ADC_READ_DONE : in std_logic; -— ADC data has been read, from GCRC_READOUT
ADC_CONV_TIME_REG : in std _logic vector(7 downto 0); -- ADC conversion time
stored in register
ADC_READ_BEGIN : buffer std_logic; -- Begin ADC readout, to GCRC_READOUT
ADC_NCS : buffer std_logic; --Control and Shutdown line
ADC_SAMPLE CLK : buffer std logic --Clock to the ADC, filtered by GCRC_READOUT
)

end component;

Component GCRC_DAC

port (
NRESET : in std _logic; -- Global RESET.
CLK : in std_logic; -- System 20 Mhz clk.
DAC_WRITE  in std_logic; -- DAC write request from GCRC_REG module.
DAC_DATA REG_SHIFT : buffer std _logic; -- Command DAC data to be shifted, to
GCRC_REG.
DAC_NCS : buffer STD_LOGIC; -- Chip SELECT for the DAC
DAC _CLK : buffer std_logic; -- Clock to DAC
GCRC_DAC_WRITE  : buffer std_logic -- GCRC is writing to the DAC, to GCRC_TRIG
module.
)

end component;

Component GCRC_TRIG

port (

NRESET : iIn std_logic; --Chipwide RESET, asserted low

CLK : in std_logic; --20 MHz System Clock

LE_NDISC : In STD_LOGIC; -- Wired "OR" low energy trigger from GCFEs,
asserted low.

HE_NDISC : in STD_LOGIC; -- Wired "OR" high energy trigger from GCFEs,
asserted low.

CAL_NTREQLE : buffer STD _LOGIC; -- Low energy trigger request to the TEM,
asserted low.

CAL_NTREQHE : buffer STD LOGIC -- High energy trigger request to the TEM,
asserted low.

)

end component;

Component GCRC_CALIB

port (

NRESET : iIn std_logic; -— Chipwide RESET, asserted low.

CLK : in std_logic; -- 20 MHz System Clock.

CALIB_CMD : in std_logic; -— Decode Calibration command from TEM.

CALIB_STRB : buffer std_logic -- Calibration line to the GCFEs.
)

end component;
begin

-- Signal renaming additions for GCRC Ver 4.
-- Inputs.

RIGHT_FIRST <= RIGHT_FIRST _C;

DAC_DATA IN <= DAC_DATA IN_C;

-— Outputs.

ADC_NCS _C <= ADC_NCS;

ADC_CLK C <= ADC_CLK;

DAC_NCS_C <= DAC_NCS;

DAC_CLK_C <= DAC_CLK;

DAC_DATA_C <= DAC_DATA;
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-— GCRC Ver 4 has added " C" suffix to below signals.

WIRED_ADDR(0) <= ADDRO_C:
WIRED_ADDR(1) <= ADDR1 C:
WIRED_ADDR(2) <= ADDR2_C:
WIRED_ADDR(3) <= ADDR3_C:

ADC_DATA(O) <= ADCO_DATA_C
ADC_DATA(1) <= ADC1_DATA C
ADC_DATA(2) <= ADC2_DATA C
ADC_DATA(3) <= ADC3_DATA C;:
ADC_DATA(4) <= ADC4_DATA C:
ADC_DATA(5) <= ADC5_DATA_C;
ADC_DATA(6) <= ADC6_DATA C;
ADC_DATA(7) <= ADC7_DATA C;:
ADC_DATA(8) <= ADCS8_DATA C:
ADC_DATA(9) <= ADC9 DATA C:
ADC_DATA(10) <= ADC10_DATA C;
ADC_DATA(11) <= ADC11 DATA C;

GCFE_DATA(O) <= DATAO;
GCFE_DATA(1) <= DATAL:
GCFE_DATA(2) <= DATA2:
GCFE_DATA(3) <= DATA3;
GCFE_DATA(4) <= DATA4;
GCFE_DATA(5) <= DATAS;
GCFE_DATA(6) <= DATA6:
GCFE_DATA(7) <= DATA7:
GCFE_DATA(8) <= DATAS;:
GCFE_DATA(9) <= DATAQ;
GCFE_DATA(10) <= DATA10;
GCFE_DATA(11) <= DATA11;

U TEM : gcrc_tem
port map

(GCRC_DATA OUTO => GCRC_DATA_OUTO,
GCRC_DATA OUT1 => GCRC_DATA_OUT1,
RANGE_DATA_OUTO => RANGE_DATA_OUTO,
RANGE_DATA_OUT1 => RANGE_DATA_OUT1,
CAL_NCMD => CAL_NCMD,
CAL _CLK => CAL_CLK,
CAL_NRESET => CAL_NRESET,
RIGHT_FIRST => RIGHT_FIRST,
RESET CMD => RESET_CMD,
CAL_NDATAO => CAL_NDATAO,
CAL_NDATA1 => CAL_NDATAL,
TEM_CMD => TEM_CMD,
CLK => CLK,
NRESET => NRESET
)

U CENTRAL : gcrc_central
port map
(NRESET => NRESET,
CLK => CLK,
CONFIG_PARITY => CONFIG_PARITY,
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WIRED_ADDR => WIRED_ADDR,

TEM_CMD => TEM_CMD,

GCFE_DELAYED RTN DATA => GCFE_DELAYED RTN_DATA,
GCFE_TRANS => GCFE_TRANS,

GCFE_WRITE => GCFE_WRITE,

STATUS_REPLY_ERR => STATUS_REPLY_ERR,
WRITE_CMD_ERR => WRITE_CMD_ERR,

STATUS_REG => STATUS_REG,

RANGE_DELAY REG => RANGE_DELAY REG,
ADC_SAMPLE_DELAY REG => ADC_SAMPLE_DELAY_ REG,
ADC_CONV_TIME_REG => ADC_CONV_TIME_REG,
DAC_DATA_REG => DAC_DATA_REG,

CONFIG_REG => CONFIG_REG,

GCFE_TRANS_LOWER => GCFE_TRANS_LOWER,

RW =>RW,

FUNC => FUNC,

GCFE_CMD_BIT => GCFE_CMD_BIT,

GCFE_ADDR => GCFE_ADDR,

TEM_CMD_DATA_MSB => TEM_CMD_DATA_MSB,
REG_DATA_IN => REG_DATA_IN,
GCRC_TRANS_RECV=> GCRC_TRANS_RECV,
GCRC_DATA_OUTO => GCRC_DATA_OUTO,
GCRC_DATA_OUT1 => GCRC_DATA_OUT1,
STATUS_TRIG_ERR => STATUS_TRIG_ERR,
STATUS_FA_ERR => STATUS_FA_ERR,
STATUS_DATA_ERR => STATUS_DATA_ERR,

READ CMD_ERR => READ CMD_ERR,

CALIB_CMD => CALIB_CMD,

CORRECT_FA_PARITY => CORRECT_FA_PARITY,
CORRECT_DATA_PARITY => CORRECT DATA_PARITY,
TEM_PARITY_ERR => TEM_PARITY_ERR,

CORRECT ADDR => CORRECT ADDR,
LATCHED_CORRECT ADDR => LATCHED_ CORRECT ADDR,
TRIGGER=> TRIGGER,

TRIGGER_MODE => TRIGGER_MODE,

RESET_CMD => RESET_CMD,

DATALESS CMD_ERR => DATALESS_CMD_ERR

);

U REG : gcrc_reg
port map

(NRESET => NRESET,
CLK => CLK,
GCFE_CMD_BIT => GCFE_CMD_BIT,
RW=>RW,
FUNC => FUNC,
REG_DATA IN => REG DATA_IN,
CORRECT_FA_PARITY => CORRECT_FA PARITY,
CORRECT_DATA_PARITY => CORRECT_DATA_PARITY,
TEM_PARITY_ERR => TEM PARITY_ERR,
CORRECT_ADDR => CORRECT_ADDR,
LATCHED_ CORRECT_ADDR => LATCHED CORRECT_ADDR,
STATUS_TRIG_ERR => STATUS_ TRIG_ERR,
STATUS_FA _ERR => STATUS_FA_ERR,
STATUS _DATA ERR => STATUS DATA_ERR,
STATUS_REPLY_ERR => STATUS REPLY_ERR,
READ _CMD_ERR => READ CMD _ERR,
DAC_DATA REG_SHIFT => DAC_DATA REG_SHIFT,
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DAC_DATA_IN => DAC_DATA_IN,
DATALESS_CMD_ERR => DATALESS_CMD_ERR,
DAC_WRITE => DAC_WRITE,

DAC_DATA => DAC_DATA,

CONFIG_PARITY => CONFIG_PARITY,
WRITE_CMD_ERR => WRITE_CMD_ERR,
STATUS_REG => STATUS_REG,
RANGE_DELAY REG => RANGE_DELAY REG,
ADC_SAMPLE_DELAY REG => ADC_SAMPLE_DELAY_ REG,
ADC_CONV_TIME_REG => ADC_CONV_TIME_REG,
DAC_DATA_REG => DAC_DATA_REG,
CONFIG_REG => CONFIG_REG

);

U GCFE : gcrc_gcfe
port map

(NRESET => NRESET,
CLK => CLK,
GCFE_ADDR => GCFE_ADDR,
GCFE_CMD_BIT => GCFE_CMD_BIT,
RW =>R_W,
FUNC => FUNC,
TEM_CMD_DATA_MSB => TEM_CMD_DATA MSB,
CORRECT_FA PARITY => CORRECT_FA PARITY,
CORRECT_DATA_PARITY => CORRECT_DATA_PARITY,
TEM_PARITY_ERR => TEM_PARITY_ERR,
GCFE_DATA => GCFE_DATA,
GCFE_CLK_ENV => GCFE_CLK_ENV,
GCFE_RESET _ENV => GCFE_RESET_ENV,
RIGHT_FIRST => RIGHT_FIRST,
LATCHED_CORRECT_ADDR => LATCHED_CORRECT_ADDR,
CORRECT_ADDR => CORRECT_ADDR,
STATUS_REPLY_ERR => STATUS_REPLY_ERR,
DAQ_CLK => DAQ_CLK,
GCFE_DELAYED_RTN_DATA => GCFE_DELAYED RTN_DATA,
GCFE_TRANS => GCFE_TRANS,
GCFE_WRITE => GCFE_WRITE,
CMD => CMD,
GRESET => GRESET,
GCFE_TRANS_LOWER => GCFE_TRANS_LOWER,
GCFE_SAMPLED_DATA => GCFE_SAMPLED_DATA );

U_READOUT : gcrc_readout

port map
(NRESET => NRESET,
CLK => CLK,

TRIGGER => TRIGGER,

TRIGGER_MODE => TRIGGER_MODE,
GCFE_SAMPLED_DATA => GCFE_SAMPLED_DATA,
ADC_DATA => ADC_DATA,

adc_read_begin => adc_read_begin,
ADC_SAMPLE_CLK => ADC_SAMPLE_CLK,
RANGE_DELAY_ REG => RANGE_DELAY_REG,
ADC_SAMPLE_DELAY_REG => ADC_SAMPLE_DELAY_REG,
CONFIG_PARITY => CONFIG_PARITY,
gcfe_clk_env => gcfe_clk_env,

START_ACQ => START_ACQ,

GCFE_RESET_ENV => GCFE_RESET_ENV,
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adc_read_done => adc_read_done,
adc_sample => adc_sample,

ADC_CLK => ADC CLK,

RANGE_DATA OUTO => RANGE_DATA OUTO,
RANGE_DATA OUT1 => RANGE_DATA OUT1,
GCRC_IN_READOUT => GCRC_IN_READOUT );

U_ADC : gcrc_adc

port map
(NRESET => NRESET,
CLK => CLK,

ADC_SAMPLE => ADC_SAMPLE,
ADC_READ_DONE => ADC_READ DONE,
ADC_CONV_TIME_REG => ADC_CONV_TIME_REG,
ADC_READ_BEGIN => ADC_READ_BEGIN,
ADC_NCS => ADC_NCS,

ADC_SAMPLE_CLK => ADC_SAMPLE_CLK );

U DAC : gcrc_dac

port map
(NRESET => NRESET,
CLK => CLK,

DAC_WRITE => DAC_WRITE,
DAC_DATA_REG_SHIFT => DAC_DATA REG_SHIFT,
DAC_NCS => DAC_NCS,

DAC_CLK => DAC_CLK,

GCRC_DAC_WRITE => GCRC_DAC_WRITE );

U TRIG : gcrc_trig
port map
¢
NRESET => NRESET,
CLK => CLK,
CAL_NTREQLE => CAL_NTREQLE,
CAL_NTREQHE => CAL_NTREQHE,
LE NDISC => LE_NDISC,
HE_NDISC => HE_NDISC );

U CALIB : gcrc_calib
port map
(NRESET => NRESET,
CLK => CLK,
CALIB_CMD => CALIB_CMD,
CALIB_STRB => CALIB_STRB );

end top_level;
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5.2 GCRC_CENTRAL.VHD

--Project name: GLAST GCRC

--Filename: GCRC_CENTRAL.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab

--Revision: 1.0 (11-12-01)

-— First version.

-— 1.0 Rev A (11-14-01) swapped GCRC and GCFE TEM command address decoding.

-— 1.0 Rev C (11-16-01) Incorporated register readout to reduce flip flops.

- Also ignore TEM trigger if trigger parity is incorrect. Also corrected

- Status Error Bit to TEM being cleared in ldle state, not after transmission
-— of bit to TEM. Also not look for TEM data for a Calib command.

-— 2.0 (1-2-02) Added code to correct read command to incorrect

- address trying to act on the read command. Also added Read Cmd_Err signal,
- latched by Status Register. Also modified code for TEM GCFE write commands
- to function correctly spaced closer together.

-— 2.0 Rev B (1-16-02) Added code to save TEM command for GCFE timeout.

-— 4.0 Rev A (3-29-02) Added code to main state machine looking for
Latched_Correct_Addr.

- 5.0 ( 11-13-02) Added code for commanded reset function.

- Changed addressing to two bit read/write field.

-— Lowest 3 function/address bits unchanged.

-— 8 MS bits of GCRC Configuration register read back GCRC version number.

- Added status register error bit control for incorrect TEM dataless commands.
- Modified Last Command Error Register definition:

-— MSB = 0: Err Register other bits are Trigger reg and 12 FA register bits.
-— MSB = 1: Err Register other bits are 15 FA register bits.

-— 5.1 (12-09-02) Changed GCRC readback version from "50° to "51°.

- 5.2 No Change.

- 5.3 (12-12-02) Changed GCRC version to "53". Also modified FA_Register
manipulation

-- to accept late coming GCFE reply data to the end of the FA Register.

Library ieee;
Use ieee.std logic_1164._all;
Use leee.std _logic_unsigned.all;

entity GCRC_CENTRAL is

port(
NRESET  in std_logic; -- Global RESET.
CLK : in std _logic; -- System 20 MHz clk.
CONFIG_PARITY : in std _logic; -- From GCRC register.
WIRED_ADDR : in std_logic_vector(3 downto 0); -- Hardwired GCRC address
TEM_CMD : In std_logic; -- Serial command bits from the TEM.
GCFE_DELAYED_RTN_DATA : in std logic; -- Serial data returned from 1 of 12 GCFEs.
GCFE_TRANS : in std_logic; -— GCFE is transmitting data to GCRC.
GCFE_WRITE : in std _logic; -- GCRC is writing to GCFE.

STATUS_REPLY_ERR : in std_logic; -- GCFE not reply, timeout error.

WRITE_CMD_ERR in std_logic; -- TEM write command error, no GCRC action taken.

STATUS_REG in std_logic _vector(4 downto 0); -- Register from GCRC_REG
module.
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RANGE_DELAY _REG : in std_logic vector(5 downto 0); -- Register from GCRC_REG
module.

ADC_SAMPLE_DELAY_REG : in std_logic_vector(5 downto 0); -- Register from GCRC_REG
module.

ADC_CONV_TIME_REG : in std_logic vector(7 downto 0); -- Register from GCRC_REG
module.

DAC_DATA REG : In std_logic _vector(15 downto 0); -- Register from GCRC_REG
module.

CONFIG_REG : in std_logic_vector(2 downto 0); -- Register from GCRC_REG
module.

GCFE_TRANS LOWER : in std_logic; -- Shifting lower GCFE return data bits.

R W : buffer std_logic vector(l downto 0); -- Read/Write not, TEM
command bit

FUNC : buffer std_logic vector(2 downto 0); -- TEM function bits.

GCFE_CMD_BIT buffer std _logic; -- TEM GCFE command bit

GCFE_ADDR buffer std _logic _vector(3 downto 0); -- Address in GCFE command.

TEM_CMD_DATA MSB : buffer std _logic; -- TEM command data most significant bit.

REG_DATA IN : buffer std_logic_vector(15 downto 0); -- TEM command data.

GCRC_TRANS_RECV : buffer std logic; -- GCRC is transmitting to the TEM

GCRC_DATA_OUTO : buffer std_logic; -- GCRC serial data outO

GCRC_DATA 0OUT1 : buffer std_logic; -- GCRC serial data outO

STATUS_TRIG_ERR : buffer std_logic; -- Bit to be placed in status register.

STATUS_FA_ERR : buffer std_logic; -- Bit to be placed in status register.

STATUS_DATA ERR : buffer std_logic; -- Bit to be placed in status register.

READ_CMD_ERR : buffer std_logic; -- Correct parity from TEM, but Invalid
Command.

CALIB_CMD : buffer std_logic; -- Decoded calibration command.

CORRECT_FA PARITY : buffer std_logic; -- Correct TEM function & address parity
flag.

CORRECT_DATA_PARITY : buffer std logic; —-- Correct TEM command data parity.

TEM_PARITY_ERR : buffer std_logic; -- Any TEM command parity error.

CORRECT_ADDR : buffer std_logic; -- TEM command matches GCRC wired address.

LATCHED_CORRECT_ADDR : buffer std_logic; -- Latched version of correct address.

TRIGGER : buffer std_logic; -- TEM commanded trigger, to GCRC_READOUT
module.

TRIGGER_MODE : buffer std_logic; -- 1 or 4 range readout mode, to GCRC_READOUT.

RESET_CMD : buffer std_logic; -- TEM commanded reset to GCRC_TEM module.

DATALESS CMD_ERR : buffer std_logic -- Incorrect dataless command from TEM.

);

end GCRC_CENTRAL;

architecture GCRC_CENTRAL of GCRC_CENTRAL is

-— Ver 5 added GCRC version Constant, to changed for each ASIC manufactured. Initial
value *"50° for "5.0"

-- Ver 5.1 changed to "51° for version 5.1

-- Ver 5.3 changed to "53" for version 5.3.

Constant GCRC_VERSION : std _logic_vector (7 downto 0) := "01010011";
Constant FA_Count : std _logic_vector (4 downto 0) := '01101";
Constant Data_ Count : std logic_vector (4 downto 0) := "01111";
Constant FA Out_Count : std logic_vector (4 downto 0) := '01101";
Constant Data Out_ Count : std _logic_vector (4 downto 0) := "01111";
Constant WAIT_TIMEOUT : std logic_vector (4 downto 0) := "11111";
Constant IDLE : std_logic_vector (3 downto 0) := '0000";
Constant WAIT_START > std_logic_vector (3 downto 0) := "0001";
"0010";

Constant TEM_TRIG_INPUT : std_logic_vector (3 downto 0) :

Constant TEM_TRIG_CHECK : std _logic_vector (3 downto 0) '0011";
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Constant TEM_FA_ INPUT : std _logic_vector (3 downto 0) := '"0100";
Constant TEM_FA CHECK : std _logic_vector (3 downto 0) := "0101";
Constant TEM_DATA INPUT : std_logic_vector (3 downto 0) := "0110";
Constant TEM_DATA_ CHECK > std_logic_vector (3 downto 0) := "0111";
Constant DELAY_TO_ IDLE : std _logic_vector (3 downto 0) := '1000";
Constant GCRC_WAIT_TRANS : std _logic_vector (3 downto 0) := '"1001";
Constant GCRC_TRANS START : std _logic_vector (3 downto 0) := "1010";
Constant GCRC_TRANS FA : std_logic_vector (3 downto 0) := "1011";
Constant GCRC_TRANS FA PARITY : std _logic vector (3 downto 0) := "1100";
Constant GCRC_TRANS DATA : std _logic_vector (3 downto 0) := "1101";
Constant GCRC_TRANS ERR : std _logic_vector (3 downto 0) := "1110";
Constant GCRC_TRANS PARITY : std _logic_vector (3 downto 0) := "1111";
signal GCRC_ADDR : std _logic_vector(3 downto 0);
signal TRIG_REGISTER : std _logic_vector(2 downto 0);
signal FA _REGISTER : std logic_vector(14 downto 0);
signal DATA _REGISTER : std _logic_vector(16 downto 0);
signal COMM_ERR_REG : std _logic_vector(15 downto 0);

signal COUNTER : std _logic_vector(4 downto 0);

signal COUNTER_EN : std _logic;

signal CURRENT_STATE, NEXT_STATE : std_logic_vector(3 downto 0);
signal CORRECT_TRIG_PARITY : std_logic;

signal TRANS_TRIG_PARITY : std logic; -- Transmitted parity bit
signal TRANS_FA PARITY : std _logic;

signal TRANS_ DATA PARITY : std _logic;

signal COMP_PARITY_TRIG_IN : std_logic; -- Computed parity value
signal COMP_PARITY_FA_IN : std_logic;

signal COMP_PARITY_DATA_IN > std_logic;

signal LATCHED STATUS ERR : std logic; -- Register for TEM error bit transmission
signal PARITY_TRIG : std _logic;

signal PARITY_FA_IN : std_logic;

signal PARITY_DATA_IN > std_logic;

signal PARITY_RESET FA : std _logic;

signal PARITY_RESET DATA : std_logic;

signal LATCHED PARITY_FA IN : std _logic;

signal LATCHED_PARITY_DATA_IN : std_logic;

signal XOR_OUT : std _logic;

signal LATCHED_ XOR_OUT : std _logic;

signal PARITY_OUT : std _logic;

signal PARITY_OUT_RESET : std _logic;

signal 1GNORE_PARITY : std_logic;

signal LATCHED_IGNORE_PARITY > std_logic;

begin

-- Ver 5 changed FUNC from 4 bits to 3 bits. Changed R_W from 1 bit to 2 bits.

FUNC <= FA_REGISTER(3 downto 1);

R_W <= FA_REGISTER(5 downto 4);

GCRC_ADDR <= FA REGISTER(14 downto 11);

GCFE_ADDR <= FA_REGISTER(9 downto 6);

GCFE_CMD_BIT <= FA_REGISTER(10); --if "1" then GCFE function if "0" then GCRC
function

REG_DATA_IN <= DATA REGISTER(16 downto 1);

TRANS_Trig_Parity <= TRIG_REGISTER(0);

TRANS_FA Parity <= FA_REGISTER(O);

TRANS_DATA_PARITY <= DATA_REGISTER(0);

TEM_CMD_DATA_MSB <= DATA_REGISTER(16);
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-- State machine designed so that all GCFEs per calorimeter side go through states
-— concurrently as much as possible. Only check GCRC address for read command.
-- Also, if any parity error occurs, assume command is long command sending data,
-—  Flow through state machine reading all bits but not processing command.
-— If trig parity occurs, assume 1 range readout, but also flow through state
machine.
FSM_STATE: process (CURRENT_STATE, COUNTER, TRIG_REGISTER, CORRECT_ADDR,
LATCHED_CORRECT_ADDR, CORRECT_TRIG_PARITY, CORRECT_FA_PARITY, CORRECT_DATA_ PARITY,
TEM_PARITY_ERR, GCFE_CMD_BIT, GCFE_TRANS, R_W, STATUS_REPLY_ERR, TEM_CMD, CALIB_CMD)
begin
case CURRENT_STATE is
when IDLE => -- State O
COUNTER_EN <= "0";
TRIGGER <= "0";
TRIGGER_MODE <= "0%;
IGNORE_PARITY <= "07;
NEXT_STATE <= WAIT_START;

-— Wait_start waits for the TEM command start bit.

when WAIT_START => -- State 1

COUNTER_EN <= "0~;

TRIGGER <= "0";

TRIGGER_MODE <= "0°%;

IGNORE_PARITY <= "0";

if ( TEM_CMD = "1 ) then -- This is the start bit
NEXT_STATE <= TEM_TRIG_INPUT ;

else
NEXT_STATE <= WAIT_START;

end if;

-- TEM trig input waits for the TEM command start bit to get to

- the end of the register.

when TEM_TRIG_INPUT => -- State 2

COUNTER_EN <= "0";

TRIGGER <= "07;

TRIGGER_MODE <= "0%;

IGNORE_PARITY <= "07;

if ( TRIG_REGISTER(2) = "1" ) then -- This is the start bit
NEXT_STATE <= TEM_TRIG_CHECK ;

else
NEXT_STATE <= TEM_TRIG_INPUT;

end if;

-— If correct trigger parity and TEM trigger command, assert Trigger flags
-— to GCRC_READOUT module and go back to idle.
-- IT iIncorrect trigger parity, flow through command decoding to get past all
- possible incoming data bits.
when TEM_TRIG_CHECK => -- State 3
COUNTER_EN <= "0";
IGNORE_PARITY <= "0";
iT ( CORRECT_TRIG_PARITY = "1 ) then
if ( TRIG_REGISTER(2) = "1") then

NEXT_STATE <= IDLE ;

TRIGGER <= "1* ;

iT( TRIG_REGISTER(1) = "1%) then

TRIGGER_MODE <= "1" ; -- 4 range readout
else
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TRIGGER_MODE <= "0" ; -- 1 range readout
end if;
else
TRIGGER <= "0"; -- No trigger, data command.
TRIGGER_MODE <= "0%;
NEXT_STATE <= TEM_FA_INPUT;
end if;
else -- Incorrect trigger parity.
-- Flow through remaining states to get past possible incoming data bits.
TRIGGER <= 0" ;
TRIGGER_MODE <= "0" ;
NEXT_STATE <= TEM_FA_INPUT ;
end if;

when TEM_FA_INPUT => -- State 4

COUNTER_EN <= "1%;

TRIGGER <= "0";

TRIGGER_MODE <= "0%;

IGNORE_PARITY <= "0~;

iT ( COUNTER = FA_COUNT ) then
NEXT_STATE <= TEM_FA CHECK;

else

NEXT_STATE <= TEM_FA INPUT;
end if;
when TEM_FA CHECK => -- State 5

COUNTER_EN <= "0~;

TRIGGER <= "07;

TRIGGER_MODE <= "0%;

-— If (parity correct and TEM read command and Correct Address)

-- go to WAIT_TRANS.

-— If (parity correct and TEM read command but not Correct Address),

--  flow through TEM_DATA_INPUT to ignore possible TEM command

-— data bits. Set flag Ignore_Parity so as not to not set status

-— error if TEM command data parity is incorrect.

-— If TEM Parity Err or FA parity incorrect then assume the longest command
-- to follow, needing to flow through TEM DATA READ so as not to confuse

-— following bits with trigger command.

-- Ver 5, code re-worked.

if ( CORRECT_FA_PARITY = "1" and TEM_PARITY_ERR = "0" and CORRECT_ADDR = "0%)

then
IGNORE_PARITY <= "1"; -- If no errors and incorrect address, ignore future
parity errors.
else
IGNORE_PARITY <= "0";
end if;
iT ( CORRECT_FA_PARITY = "1" and TEM_PARITY_ERR = "0") then
if ( RW = "00" ) then -- If dataless command, go back to idle regardless

of address.
NEXT_STATE <= DELAY_TO_IDLE;
elsift ( R_W = "10"™ and CORRECT_ADDR = *1%) then -- If reading and address

correct
NEXT_STATE <= GCRC_WAIT_TRANS;
else
NEXT_STATE <= TEM_DATA INPUT; -- 1f writing or incorrect address, read
through TEM data.
end if;

else
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data

NEXT_STATE <= TEM_DATA INPUT; -- IFf any errors read through TEM command

end if;

when TEM_DATA_INPUT => -- State 6
COUNTER_EN <= "1%;
TRIGGER <= "0";
TRIGGER_MODE <= "0%;
IGNORE_PARITY <= "0";
if ( COUNTER = DATA COUNT ) then
NEXT_STATE <= TEM_DATA CHECK;
else
NEXT_STATE <= TEM_DATA_ INPUT;
end if;

-— IFf a parity had occurred anywhere in the TEM command,

-— go back to idle from here.

-—- Go to transmit state if transmitting data to GCFE or

- reading GCFE register.

-— Else if writing to the GCFE go back to idle.

-- Ver 4, Added check for Latched Correct Addr.

when TEM_DATA CHECK => -- State 7

COUNTER_EN <= "0~;

TRIGGER <= "0";

TRIGGER_MODE <= "0°%;

IGNORE_PARITY <= "0";
iT (CORRECT_DATA PARITY = "1" and TEM_PARITY_ERR = "0") then
if ( GCFE_CMD BIT = "1" and R_W = "10" and LATCHED CORRECT ADDR = "1") then

NEXT_STATE <= GCRC_WAIT_TRANS ;
else

NEXT_STATE <= DELAY_TO_ IDLE ; -- Writing to GCRC, go back to idle.
end if;

else -- Parity error, go back to idle
NEXT_STATE <= DELAY_TO_IDLE ;
end if;

-— Added for Ver 2.

-— Delays one clock cycle so that Trig Reg can be saved in Cmd Err Reg
- if Write Command Error is asserted.

when DELAY_TO IDLE => -- State 8

COUNTER_EN <= "0~;

TRIGGER <= "0";

TRIGGER_MODE <= "0%;

IGNORE_PARITY <= "0";

NEXT_STATE <= IDLE ;

-— Wait for data to begin transmitting back to the TEM.
-— If¥ waiting for GCFE data, have timeout counter so do not get stuck here.
when GCRC_WAIT_TRANS => -- State 9
COUNTER_EN <= "1%;
TRIGGER <= "0";
TRIGGER_MODE <= *0*;
IGNORE_PARITY <= "07;
-— Read from GCRC or Reading from GCFE and have started receiving GCFE data.
iT ( GCFE_CMD_BIT = "0" or GCFE_TRANS = "1" ) then
NEXT_STATE <= GCRC_TRANS_START ;
-— No reply from GCFE, or GCRC_GCFE module
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elsif ( STATUS_REPLY_ERR = "1" or COUNTER = WAIT_TIMEOUT ) then
NEXT_STATE <= GCRC_TRANS_START ;

else
NEXT_STATE <= GCRC_WAIT_TRANS;
end if;
when GCRC_TRANS START => -- State 10

COUNTER_EN <= "0";

TRIGGER <= "0";

TRIGGER_MODE <= "0%;
IGNORE_PARITY <= "07;
NEXT_STATE <= GCRC_TRANS_FA ;

—-- Transmit Address and Function bits to TEM.

when GCRC_TRANS FA => -- State 11

COUNTER_EN <= "1%;

TRIGGER <= "0";

TRIGGER_MODE <= "0°%;

IGNORE_PARITY <= "0~;

if ( COUNTER = FA OUT_COUNT ) then
NEXT_STATE <= GCRC_TRANS_FA PARITY ;

else
NEXT_STATE <= GCRC_TRANS FA;
end if;
when GCRC_TRANS FA PARITY => -- State 12

COUNTER_EN <= *"0";

TRIGGER <= "0";

TRIGGER_MODE <= "0°%;
IGNORE_PARITY <= "07;
NEXT_STATE <= GCRC_TRANS_DATA ;

when GCRC_TRANS DATA => -- State 13

COUNTER_EN <= "1°7;

TRIGGER <= "0°;

TRIGGER_MODE <= "0-;

IGNORE_PARITY <= "0";

if ( COUNTER = DATA OUT_COUNT ) then
NEXT_STATE <= GCRC_TRANS ERR ;

else
NEXT_STATE <= GCRC_TRANS DATA;

end if;

—— Transmit error bit to TEM.

when GCRC_TRANS ERR => -- State 14
COUNTER_EN <= "0";

TRIGGER <= "0";

TRIGGER_MODE <= "0°";

IGNORE_PARITY <= "0%;

NEXT_STATE <= GCRC_TRANS PARITY;

when GCRC_TRANS PARITY => -- State 15
COUNTER_EN <= "0";

TRIGGER <= "0";

TRIGGER_MODE <= "0";

IGNORE_PARITY <= "0°%;

NEXT_STATE <= IDLE;

when others =>
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COUNTER_EN <= "0";
TRIGGER <= "0-;
TRIGGER_MODE <= "0";
IGNORE_PARITY <= "0";
NEXT_STATE <= IDLE;

end case;
end process;

FSM_CHANGE: process (NRESET, CLK)is
begin
ifT (NRESET = "0")then
CURRENT_STATE <= IDLE;
elsit(CLK"event and CLK = "1")then
CURRENT_STATE <= NEXT_STATE ;
end if;
end process;

-— Data Register used for both loading in TEM command data and for
- shifting out register read data.
-- For Ver 2 added Read Cmd_Error.
DATA_LOAD: process (CLK, NRESET)
begin
if (NRESET = "0")then
DATA_REGISTER <= (others => "0%);
READ_CMD_ERR <= "0";
elsit(CLK"event and CLK = "1")then
case (CURRENT_STATE) is
when IDLE =>
READ_CMD_ERR <= "0";
iT( GCFE_WRITE = "1" ) then -- Shift out MSB to GCRC_GCFE module.
DATA REGISTER(16 downto 1) <= DATA REGISTER(15 downto 0) ;
DATA_REGISTER(0) <= 0" ;
else
DATA_REGISTER <= DATA_REGISTER;
end if;
when WAIT_START =>
READ_CMD_ERR <= "07;
iT( GCFE_WRITE = "1" ) then -- Shift out MSB to GCRC_GCFE module.
DATA_REGISTER(16 downto 1) <= DATA_REGISTER(15 downto 0) ;
DATA_REGISTER(0) <= "0" ;
else
DATA_REGISTER <= DATA_REGISTER;
end if;
when TEM_TRIG_INPUT =>
READ_CMD_ERR <= "0";
ifT( GCFE_WRITE = "1" ) then -- Shift out MSB to GCRC_GCFE module.
DATA REGISTER(16 downto 1) <= DATA_ REGISTER(15 downto 0) ;
DATA_REGISTER(0) <= "0" ;
else
DATA REGISTER <= (others => "0%);
end if;

-- Added for Ver 2..
when TEM_TRIG_CHECK =>
READ_CMD_ERR <= "0";
if( GCFE_WRITE = ®"1° ) then -- Shift out MSB to GCRC_GCFE module.
DATA_REGISTER(16 downto 1) <= DATA REGISTER(15 downto 0) ;
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else

DATA_REGISTER(0) <= "0" ;

DATA_REGISTER <= (others => "0%);

end if;

-- Added for Ver 2.
when TEM_FA_ INPUT =>
READ CMD _ERR <= "07;
if( GCFE_WRITE = "1° ) then -- Shift out MSB to GCRC_GCFE module.

else

DATA REGISTER(16 downto 1) <= DATA_REGISTER(15 downto 0) ;
DATA_REGISTER(0) <= "0" ;

DATA_REGISTER <= (others => "0%);

end if;

when TEM_FA_CHECK =>
if ( TEM_PARITY_ERR = "0" and CORRECT_FA_PARITY = "1 and R_W = "10" and
GCFE_CMD_BIT = "0" and
CORRECT_ADDR = "1* ) then
-- Register read command, transfer register to Data Register.

case FUNC is
when 000" => -- Status Register, 5 bits
DATA _REGISTER(5 downto 1) <= STATUS REG ;
DATA REGISTER(16 downto 6) <= (others => "0%);
DATA REGISTER(0O) <= "07;
READ_CMD_ERR <= "0";
when '001" => -- Last error command register, 16 bits
DATA _REGISTER(16 downto 1) <= Comm_Err_REG ;
DATA REGISTER(0) <= "07;
READ CMD_ERR <= "07;
when 011" => -- Peak hold to GCFE range decision delay, 6 bits
DATA REGISTER(6 downto 1) <= RANGE_DELAY_ REG ;
DATA REGISTER(16 downto 7) <= (others => "0%);
DATA REGISTER(O) <= "07;
READ_CMD_ERR <= "0";
when "100" => -— GCFE Range decision to ADC sample delay, 6 bits
DATA REGISTER(6 downto 1) <= ADC_SAMPLE_DELAY REG ;
DATA REGISTER(16 downto 7) <= (others => "0%);
DATA REGISTER(0O) <= "07;
READ_CMD_ERR <= "0";
when 101" => -— ADC conversion time delay, 8 bits
DATA REGISTER(8 downto 1) <= ADC_CONV_TIME_REG ;
DATA REGISTER(16 downto 9) <= (others => "0%);
DATA REGISTER(0) <= "07;
READ_CMD_ERR <= "0";
when 110" => -— Onboard digital to analog converter, 16 bits
DATA REGISTER(16 downto 1) <= DAC_DATA REG(15 downto 0) ;
DATA_REGISTER(0) <= "0";
READ CMD_ERR <= "0";
when "111" => -— GCRC configuration register, 3 bits + GCRC Version

DATA REGISTER(3 downto 1) <= CONFIG_REG ;
DATA_REGISTER(16 downto 9) <= GCRC_VERSION(7 downto 0);
DATA REGISTER(8 downto 4) <= (others => "0%);

DATA REGISTER(0) <= "07;

READ_CMD_ERR <= "0";

when others =>

DATA REGISTER <= (others => "0");

READ_CMD_ERR <= "1°7;

end case;
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else -- Else not register read, begin shifting in TEM command data.
DATA_REGISTER(16 downto 1) <= DATA_REGISTER(15 downto 0) ;
DATA _REGISTER(0O) <= TEM _CMD ;
READ CMD_ERR <= "07;
end if; -- End if Current_State is Tem_FA Check

—-— Shift in TEM command data.
when TEM_DATA INPUT =>
READ CMD_ERR <= "0";
DATA_REGISTER(16 downto 1) <= DATA_REGISTER(15 downto 0) ;
DATA REGISTER(0) <= TEM CMD ;

-- Shift possible register data out.
when GCRC_TRANS_FA =>
READ_CMD_ERR <= "0~;
DATA REGISTER(16 downto 1) <= DATA REGISTER(15 downto 0) ;
DATA_REGISTER(O0) <= "0° ;
when GCRC_TRANS_FA_PARITY =>
READ_CMD_ERR <= "07;
DATA REGISTER(16 downto 1) <= DATA REGISTER(15 downto 0) ;
DATA_REGISTER(0) <= "0° ;
when GCRC_TRANS_DATA =>
READ_CMD_ERR <= "0";
DATA_REGISTER(16 downto 1) <= DATA_REGISTER(15 downto 0) ;
DATA_REGISTER(O0) <= "0° ;

when others =>
DATA REGISTER <= DATA REGISTER;
READ CMD_ERR <= "0";
end case;
end if;
end process;

TRIG_REG_LOAD: process (NRESET, CLK)
begin
iT (NRESET = "0")then
TRIG_REGISTER <= (others => "0%);
elsit(CLK"event and CLK = "1")then
iT ( CURRENT_STATE = IDLE ) then
TRIG_REGISTER <= (others => "0%);
elsit ( CURRENT_STATE = WAIT_START or CURRENT_STATE = TEM_TRIG_INPUT )then
TRIG_REGISTER( 2 downto 1) <= TRIG_REGISTER(1 downto 0) ;
TRIG_REGISTER(0) <= TEM_CMD ;
else
TRIG_REGISTER <= TRIG_REGISTER;
end if;
end if;
end process;

-- Function and address register is used for both reading and writing.
-- Transmitting to the TEM draws in data bits into LSB of FA register.
FA_REG_READ_WR: process (CLK, NRESET)
begin
iT (NRESET = "0")then
FA REGISTER <= (others => "0%);
elsit(CLK"event and CLK = "1")then
if ( CURRENT_STATE = WAIT_START ) then
FA REGISTER <= (others => "0%);
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elsif( CURRENT_STATE = TEM_TRIG_CHECK or CURRENT_STATE = TEM_FA_INPUT )then
-— Shift TEM data into FA Reg
FA_REGISTER(14 downto 1) <= FA_REGISTER(13 downto 0);
FA REGISTER(0) <= TEM CMD ;
elsif( CURRENT_STATE = GCRC_TRANS FA or CURRENT_STATE = GCRC_TRANS FA PARITY
or CURRENT_STATE = GCRC_TRANS_DATA )then
-- Shift FA reg data out to TEM
-- Changed ver 5.3 Insert lower return data if indicated by GCFE_Trans_Lower.
if ( GCFE_TRANS LOWER = "1 ) then
FA_REGISTER(14) <= GCFE_DELAYED_RTN_DATA;
else
FA_REGISTER(14) <= FA_REGISTER(13);
end if;
FA REGISTER(13 downto 1) <= FA REGISTER(12 downto 0);
-— Shift return data into vacated FA Reg slot
if ( GCFE_TRANS = "1" ) then
FA_REGISTER(O) <= GCFE_DELAYED_RTN_DATA; -- GCFE data
else
FA REGISTER(O) <= DATA REGISTER(16); -- Register data
end if;
else
FA REGISTER <= FA REGISTER;
end if;
end if;
end process;

-— All purpose counter.
Count: process (CLK, NRESET)
begin
if (NRESET = "0") then
Counter <= (others => "0%);
elsif(CLK"event and CLK = *"1%)then
iT ( COUNTER_EN = "1%) then
Counter <= Counter + 1 ;
else
Counter <= (others => "0%) ;
end if;
end if;
end process;

-— Dataless TEM command decoding.
-- Added Ver 5. Decode TEM command for reset. Also added Dataless Command Error.
DATALESS DECODE: process(NRESET, CLK)
begin
if (NRESET = "0") then
CALIB CMD <= "0";
RESET _CMD <= "0%;
DATALESS CMD_ERR <= "0";
elsit ( CLK"event and CLK = ®"1%) then
if (TEM_PARITY_ERR = "0" and CORRECT_FA PARITY = "1" and R_W = "00" and
GCFE_CMD_BIT = "0" and CORRECT_ADDR = "1") then
case FUNC is
when '"011" =>
CALIB_CMD <= *1%;
RESET CMD <= "0°%;
DATALESS CMD_ERR <= "0";
when 001" =>
RESET_CMD <= =1°%;
CALIB_CMD <= *0";
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DATALESS CMD_ERR <= "0";
when others =>
CALIB CMD <= "0%;
RESET _CMD <= "07;
DATALESS CMD_ERR <= "1°7;
end case;
else
CALIB CMD <= "0°%;
RESET CMD <= "07;
DATALESS CMD_ERR <= "0";
end if;
end if;
end process;

-— Matches TEM commanded GCRC address with the hard wired GCRC pins.

—-— Correct Address used for determining Correct Function Address parity.
ADDRESS: process (NRESET, COUNTER, GCRC_ADDR, WIRED_ADDR, R_W, CURRENT_STATE)
begin

it (NRESET = "0") then
CORRECT_ADDR <= "0°";
elsit (CURRENT_STATE = TEM_FA CHECK ) then
iT ( GCRC_ADDR = WIRED_ADDR or (GCRC_ADDR = "1111" and R_W /= "10'"))then
CORRECT_ADDR <= "1° ;
else
CORRECT_ADDR <= "0°";
end if;
else
CORRECT_ADDR <= "0" ;
end if;
end process;

-- Latches correct address value for determining Correct Data Parity.
LATCHED_ADDRESS: process (NRESET, CLK)
begin
iT (NRESET = "0") then
LATCHED_CORRECT_ADDR <= "0°%;
elsift ( CLK"event and CLK = "1%) then
iT (CORRECT_ADDR = "1%) then
LATCHED_CORRECT_ADDR <= "1% ;
elsift ( CURRENT_STATE = IDLE or CURRENT_STATE = TEM_DATA_CHECK ) then
LATCHED_CORRECT_ADDR <= "0* ;
else
LATCHED_CORRECT_ADDR <= LATCHED_CORRECT_ADDR;
end if;
end if;
end process;

- Latch if status error occurred, for Error Bit transmission to TEM.
-— Clear latched bit following Error Bit transmission to the TEM.
--For Ver 2 added check on Read and Write Command error.
LATCHED_STATUS ERROR: process (NRESET, CLK)
begin
if (NRESET = "0") then
LATCHED_STATUS ERR <= "07;
elsif(CLK"event and CLK = "1%)then
iT ( CURRENT_STATE = GCRC_TRANS_ PARITY ) then
LATCHED_STATUS_ERR <= ®0";
elsif ( STATUS REPLY ERR = "1" or STATUS TRIG_ERR = "1 or
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STATUS_FA ERR = "1" or STATUS DATA ERR = "1" or READ CMD _ERR = "1" or
WRITE_CMD_ERR = "1" or DATALESS CMD ERR = "1%) then
LATCHED STATUS ERR <= "1°7;
else
LATCHED STATUS ERR <= LATCHED STATUS ERR;
end if;
end if;
end process;

- Latch if read command occured and GCRC address not correct.
—-- Clear if in IDLE state.
LATCHED IGNORE_PAR: process (NRESET, CLK)
begin
it (NRESET = "0") then
LATCHED IGNORE_PARITY <= "0";
elsif(CLK"event and CLK = "1%)then
if ( CURRENT_STATE = IDLE ) then
LATCHED IGNORE_PARITY <= "07;
elsit ( IGNORE_PARITY = "1%) then
LATCHED IGNORE_PARITY <= "1°%;
else
LATCHED IGNORE_PARITY <= LATCHED IGNORE_PARITY;
end if;
end if;
end process;

-- Saves command which resulted in parity error.
-- Ver2 RevB add code to save command for GCFE timeout.
-— Ver 5 modify code to save First 15 bits of TEM cmd if Trig error,
- save Address and Function bits if non-trig error.
LAST_ERR_CMD: process (NRESET, CLK)
begin
it (NRESET = "0") then
COMM_ERR_REG <= (others => "0");
elsif(CLK"event and CLK = "1")then
-— If a parity error occured on a read command, control state machine
-— will flow through TEM data read and TEM data check.
-— A Read or Write Command Error can be asserted after FA Register is loaded.
iT ( CURRENT_STATE = TEM_FA_CHECK and TEM_PARITY_ERR = "1" and STATUS_FA_ERR =
"0") then -- Trig error
COMM_ERR_REG(15) <= "0°%;
COMM_ERR_REG(14 downto 12) <= TRIG_REGISTER;
COMM_ERR_REG(11 downto 0) <= FA REGISTER(14 downto 3);
elsif ( STATUS FA ERR = "1 or DATALESS CMD_ERR = "1® or READ _CMD_ERR = "1° or
WRITE_CMD_ERR = "1° or
STATUS_DATA ERR = *1® or STATUS REPLY ERR = "1" ) then -- Errors that are not
trig error
COMM_ERR_REG(15) <= "1°%;
COMM_ERR_REG(14 downto 0) <= FA REGISTER;
else
COMM_ERR_REG <= COMM_ERR_REG;
end if;
end if;
end process;

-— Notifies GCRC_TRIG that GCRC is receiving from or transmitting to the TEM.
GCRC_TRANSMIT: process (NRESET, CLK)
begin

if (NRESET = "0")then
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GCRC_TRANS_RECV <= "0";

elsif( CLK"event and CLK = "1%) then
case CURRENT_STATE 1is
when IDLE =>
GCRC_TRANS_RECV <= "07;
when WAIT_START =>
GCRC_TRANS_RECV <= "0°";
when others =>
GCRC_TRANS_RECV <= "1°7;
end case;

end if;

end process;

-— Outputs serial data to the TEM.
OUTPUT_GCRC_DATA: process (NRESET, CLK)
begin

iT (NRESET = "0")then
GCRC_DATA OUTO <= "0*
GCRC_DATA OUT1 <= "0O-
elsif(CLK"event and CLK = "1")then
case ( CURRENT_STATE ) is
when GCRC_TRANS_START =>
GCRC_DATA OUTO <= "1°*
GCRC_DATA OUT1 <= "1-
when GCRC_TRANS FA =>
GCRC_DATA OUTO <= FA REGISTER(14) ;
GCRC_DATA OUT1 <= FA _REGISTER(14) ;
when GCRC_TRANS DATA =>
GCRC_DATA OUTO <= FA REGISTER(14) ;
GCRC_DATA OUT1 <= FA REGISTER(14) ;
when GCRC_TRANS_ERR =>
GCRC_DATA OUTO <= LATCHED_STATUS ERR ;
GCRC_DATA OUT1 <= LATCHED_ STATUS ERR ;
when GCRC_TRANS_FA PARITY =>
GCRC_DATA OUTO <= PARITY_OUT ;
GCRC_DATA OUT1 <= PARITY_OUT ;
when GCRC_TRANS_ PARITY =>
GCRC_DATA OUTO <= PARITY_OUT ;
GCRC_DATA OUT1 <= PARITY_OUT ;
when others =>
GCRC_DATA _OUTO <= "0" ;
GCRC_DATA OUT1 <= "0" ;
end case;
end if;
end process;

-— Computed parity (odd) is inverted if even parity (CONFIG_PARITY = 1) is stored.
PARITY_ LEVEL: process (NRESET, CONFIG_PARITY, PARITY_TRIG, PARITY_FA_IN,
PARITY_DATA_IN)
begin
iT (NRESET = "0")then
COMP_PARITY_TRIG_IN <= "0";
COMP_PARITY_FA_IN <= "0";
COMP_PARITY_DATA_IN <= "0";
elsit ( CONFIG_PARITY = "1 ) then-- Even parity.
COMP_PARITY_TRIG_IN <= PARITY_TRIG;
COMP_PARITY_FA_IN <= PARITY_FA_IN;
COMP_PARITY_DATA_IN <= PARITY_DATA_IN;
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else -— Normal odd parity.
COMP_PARITY_TRIG_IN <= not PARITY_TRIG;
COMP_PARITY_FA_IN <= not PARITY_FA IN;
COMP_PARITY_DATA IN <= not PARITY_DATA IN;
end if;
end process;

-— If any TEM command parity is detected, TEM_PARITY_ERR is set. Tem Parity Err
-- is RESET at the beginning of each TEM command.
LATCHED_PARITY_ERROR: process (NRESET, CLK)
begin
iT (NRESET = "0") then
TEM_PARITY_ERR <= "07;
elsit ( CLK"event and CLK = ®"1%) then
iT ( CURRENT_STATE = IDLE ) then
TEM_PARITY_ERR <= "07;
elsift ( STATUS_TRIG_ERR= "1 or STATUS_FA_ERR= "1" or STATUS_DATA_ERR= "1") then
TEM_PARITY_ERR <= "1°7;
else
TEM_PARITY_ERR <= TEM_PARITY_ERR;
end if;
end if;
end process;

-— Compares transmitted with computed parity bits.
-— If trigger parity occurs, FA parity and data parity errors are not checked.
-— IF FA parity error occurs, data parity error is not checked.
Ver 5 added check for Ignore Parity to FA Check.
PARITY CHECK: process (NRESET, CURRENT_STATE, TRANS_TRIG_PARITY, TRANS_FA_PARITY,
TRANS_DATA_PARITY, COMP_PARITY_TRIG_IN, COMP_PARITY_FA_IN, COMP_PARITY_DATA_IN,
TEM_PARITY_ERR, LATCHED_IGNORE_PARITY, IGNORE_PARITY)
begin
iT (NRESET = "0" or CURRENT_STATE = IDLE ) then
STATUS_TRIG_ERR <= "0%;
STATUS_FA_ERR <= "0";
STATUS_DATA_ERR <= "0%;
CORRECT_TRIG_PARITY <= "0";
CORRECT_FA_PARITY <= "0~;
CORRECT_DATA_PARITY <= "0";
elsift ( CURRENT_STATE = TEM_TRIG_CHECK ) then
STATUS_FA_ERR <= "0";
STATUS_DATA_ERR <= "0%;
CORRECT_FA_PARITY <= "0";
CORRECT_DATA_PARITY <= "0";
iT ( TRANS_TRIG_PARITY
STATUS_TRIG_ERR <= "0*
CORRECT_TRIG_PARITY <= "1° ;
else —- Incorrect trigger parity
STATUS_TRIG_ERR <= "1° ;
CORRECT_TRIG_PARITY <= "0" ;
end if;
elsift ( CURRENT_STATE = TEM_FA_CHECK and TEM_PARITY_ERR = "0") then
STATUS_TRIG_ERR <= "0";
STATUS_DATA_ERR <= "0°%;
CORRECT_TRIG_PARITY <= "0";
CORRECT_DATA PARITY <= "07;
if ( TRANS_FA PARITY = COMP_PARITY_FA IN ) then
STATUS_FA ERR <= "0" ;

COMP_PARITY_TRIG_IN) then
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CORRECT_FA_PARITY <= "1%° ;

else -- Incorrect function and address parity
STATUS_FA ERR <= "1° ;
CORRECT_FA_ PARITY <= "0" ;

end if;

elsit ( CURRENT_STATE = TEM_DATA_CHECK and TEM_PARITY_ERR = "0" and
LATCHED_IGNORE_PARITY = "0") then

STATUS_TRIG_ERR <= "0";

STATUS _FA ERR <= "0%;

CORRECT_TRIG_PARITY <= "07;

CORRECT_FA_PARITY <= "0%;
iT ( TRANS_DATA_PARITY = COMP_PARITY_DATA IN) then
STATUS_DATA_ERR <= "0" ;

CORRECT_DATA_PARITY <= "1° ;

else -- Incorrect trigger parity
STATUS_DATA_ERR <= "1°% ;
CORRECT_DATA_PARITY <= "0" ;

end if;

else

STATUS_TRIG_ERR <= "07;

STATUS_FA ERR <= "0%;

STATUS_DATA_ERR <= "07;

CORRECT_TRIG_PARITY <= "0";

CORRECT_FA_ PARITY <= "0%;

CORRECT_DATA_PARITY <= "07;

end if;
end process;

-- Incoming parity
PARITY: process (NRESET, TRIG_REGISTER, FA_REGISTER, DATA_REGISTER,
LATCHED_PARITY_FA_IN, LATCHED_PARITY_DATA_IN, CURRENT_STATE)
begin
PARITY_TRIG <= TRIG_REGISTER(1) xor TRIG_REGISTER(2) ;
PARITY_FA_IN <= FA_REGISTER(1) xor LATCHED_PARITY_FA_IN ;
PARITY_DATA_IN <= DATA_REGISTER(1) xor LATCHED_PARITY_DATA_IN ;
if (NRESET = "0") then
PARITY_RESET_FA <= "1°7;
PARITY_RESET DATA <= "1°%;
elsit ( CURRENT_STATE = IDLE or CURRENT_STATE = WAIT_START) then
PARITY_RESET_FA <= "1°7;
PARITY_RESET_DATA <= "1°%;
elsit ( CURRENT_STATE = TEM_FA_CHECK ) then
PARITY_RESET_FA <= "0";
PARITY_RESET _DATA <= "17;
else
PARITY_RESET_FA <= "0";
PARITY_RESET_DATA <= "0%;
end if;
end process;

-- Register for incoming parity.
LATCHED_PAR: process (NRESET, CLK)
begin
ifT (NRESET = "0") then
LATCHED_PARITY_FA_IN <= "0%;
LATCHED_PARITY_DATA_IN <= "0";
elsit ( CLK"event and CLK = ®"1%) then
if ( PARITY_RESET_FA = "1%) then
LATCHED_PARITY_FA_IN <= "0%;
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else
LATCHED_ PARITY_FA IN <= PARITY_FA_IN ;
end if;
it ( PARITY_RESET DATA = "1%) then
LATCHED PARITY_DATA IN <= "0%;
else
LATCHED PARITY_DATA IN <= PARITY_DATA_IN ;
end if;
end if;
end process;

-— RESET output parity before function-address and data transmission.
PAR_OUT_RESET: process( NRESET, CLK)
begin
if (NRESET = "0") then
PARITY_OUT_RESET <= "0%;
elsif ( CLK"event and CLK = "1%) then
ifT ( CURRENT_STATE = GCRC_TRANS_START or CURRENT_STATE = GCRC_TRANS FA PARITY)

then
PARITY _OUT_RESET <= "1° ;
else
PARITY OUT_RESET <= "0" ;
end if;
end if;

end process;

-— Invert Parity out if odd parity (Config parity = 0).
PAR_OUT: process( NRESET, CLK, XOR_OUT, CONFIG_PARITY, LATCHED XOR_OUT,
GCRC_DATA_OUTO,
PARITY_OUT_RESET )
begin
XOR_OUT <= (GCRC_DATA_OUTO xor LATCHED_XOR_OUT) and (not PARITY_OUT_RESET) ;
PARITY_OUT <= XOR_OUT xnor CONFIG_PARITY;
if (NRESET = "0") then
LATCHED_XOR_OUT <= "0°%;
elsif ( CLK"event and CLK = "1%) then
iT( PARITY_OUT _RESET = "1") then
LATCHED XOR_OUT <= 0" ;
else
LATCHED_XOR_OUT <= XOR_OUT ;
end if;
end if;
end Process;

end GCRC_CENTRAL;
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53 GCRC_REG.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_REG.vhd

--Created by Michael Condon / Jim Ampe, Naval Research Lab

--Revision: 1.0 (11-12-01)

- First version.

-— 1.0 Rev C (11-16-01), moved reading of registers to GCRC_Cental module to

-— use Data_Register, minimizing flip flops.

- 1.0 Rev D (11-29-01), use upper data word "A5" as a key for changing Parity.
- 2.0 (1/2/02) Make some registers non-resetable and only clocked during load.
- This is so that SEU flip-flops can be used to implement the registers.

-— Add a status register bit for TEM Command Read/Write error. Also

-— added a third bit to the GCRC Config register for Parity voting.

- 5.0 (11-08-02) Changed TEM decoding as listed in GCRC_Central module header.
- Also added Dataless Cmd_err into status register error bit.

- 5.1 No Change.

-— 5.2 No Change.

- 5.3 No Change.

--Function: Handles writing to registers.

Library ieee;
use leee.std logic_1164._all;
use leee.std logic_unsigned.all;

entity GCRC_REG is

port(

NRESET : in std_logic; -- Chip wide RESET
CLK  in std_logic; -- 20MHz system clock
GCFE_CMD_BIT : in std_logic; -- Decoded TEM command is for the GCFE
R W : in std_logic _vector (1 downto 0); -- Write register = 01, Read

register = 10
FUNC : in std_logic_vector (2 downto 0); -- TEM command function
REG_DATA_IN : in std_logic_vector (15 downto 0);--input parallel data
CORRECT_FA PARITY : in std _logic; -- Function and address of TEM command
CORRECT_DATA_PARITY: in std _logic; -- Data of TEM command
TEM_PARITY_ERR : In std_logic; -- Any TEM command parity error.
CORRECT_ADDR : in std_logic; -- TEM command matches GCRC wired address.

LATCHED_CORRECT_ADDR : in std_logic; -- Latched version of correct address.
STATUS_TRIG_ERR : in std _logic; -- Trigger parity error

STATUS_FA _ERR : in std_logic; -- Function address parity error
STATUS_DATA ERR : in std_logic; -- Data parity error

STATUS_REPLY_ERR : in std_logic; -- Error, GCFE not reply befor timeout.
READ_CMD_ERR : in std_logic; -- Correct parity from TEM, but Invalid Command.
DAC_DATA_REG_SHIFT : in std_logic; -- Shift DAC data by one, to GCRC_DAC module.
DAC_DATA_IN : in std _logic; -- Data shifted out of onboard DAC.

DATALESS CMD_ERR : in std_logic; -- Dataless Cmd not recognized.
DAC_WRITE buffer std_logic; -- Onboard DAC is being written to.
DAC_DATA buffer std_logic; -- Most sig bit of reg, to onboard DAC.
CONFIG_PARITY : buffer std_logic; -- Parity mode
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WRITE_CMD_ERR : buffer std_logic;-- TEM command error, no GCRC action taken.

STATUS_REG : buffer std_logic vector(4 downto 0); -- Register to GCRC_CENTRAL
module.

RANGE_DELAY_ REG : buffer std_logic vector(5 downto 0); -- Peak hold settling
time.

ADC_SAMPLE DELAY_REG : buffer std_logic vector(5 downto 0); -- Analog Mux settling
time.

ADC_CONV_TIME_REG : buffer std_logic_vector(7 downto 0); -- ADC Conversion
time.

DAC_DATA_REG : buffer std_logic vector(15 downto 0); -- Register to
GCRC_Central module.

CONFIG_REG : buffer std_logic vector(2 downto 0) -- Register to GCRC_Central
module.

end GCRC_REG:

architecture GCRC_REG of GCRC REG is

constant IDLE : std _logic_vector(1l downto 0) := "00";
constant DELAY : std logic_vector(l1 downto 0) := "01";
constant LOAD : std_logic_vector(1l downto 0) := "10";

signal WRITE_KEY std_logic;

signal SEU_REG_CLK > std_logic;

signal NONSEU REG_LOAD : std _logic;

signal CURRENT_STATE, NEXT_STATE : std logic_vector(l downto 0);

begin
-— Config_parity normally set to "0, odd parity. Both bits must be set to "1" for
even parity.
CONFIG_PARITY <= (CONFIG_REG(0) and CONFIG_REG(1) and CONFIG_REG(2)):;
DAC_DATA <= DAC_DATA REG(15);
-— Write _key asserted "1" when upper data word = A5, used as extra security.
WRITE_KEY <= REG_DATA_IN(15) and REG_DATA_IN(13) and REG_DATA_IN(10) and
REG_DATA_IN(8) and ( not(REG_DATA_IN(14) or REG_DATA_ IN(12) or
REG_DATA_IN(11) or REG_DATA_IN(9) ) ):

-— Clear status register if it is read out, otherwise set a bit if an error occurs.
STATUS_REGISTER: process (NRESET, CLK)
begin
iT (NRESET = "0")then
STATUS_REG <= (others => "07);
elsit(CLK"EVENT and CLK = "1%)then
-— Read from registers.
if (CORRECT_FA PARITY = "1 and R_W = "10" and GCFE_CMD_BIT = "0" and
CORRECT_ADDR = "1 and FUNC = "000') then
STATUS_REG <= (others => "0"); -- Clear status when read.
elsif (STATUS TRIG_ERR = "1%) then -- Latch status error bits.
STATUS_REG(0) <= "17;
STATUS_REG(4 downto 1) <= STATUS REG(4 downto 1);
elsit (STATUS_FA ERR = "1%) then
STATUS _REG(1) <= "1° ;
STATUS_REG(0) <= STATUS REG(0);
STATUS_REG(4 downto 2) <= STATUS REG(4 downto 2);
elsit (STATUS_DATA_ERR = "1%) then
STATUS_REG(2) <= "1° ;
STATUS_REG(1 downto 0) <= STATUS REG(1 downto 0);
STATUS_REG(4 downto 3) <= STATUS_REG(4 downto 3);
elsif (STATUS_REPLY_ERR = "1") then
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STATUS REG(3) <= "1" ;
STATUS_REG(2 downto 0) <= STATUS REG(2 downto 0);
STATUS_REG(4) <= STATUS_REG(4);

elsit (WRITE_CMD ERR = "1 or READ CMD ERR = "1" or DATALESS CMD ERR = "1%) then
STATUS _REG(4) <= "1" ;
STATUS_REG(3 downto 0) <= STATUS REG(3 downto 0);

else
STATUS_REG(4 downto 0) <= STATUS REG(4 downto 0);

end if;

end if; -—- If CLK"event
end process;

FSM_REG_WRITE: process (CURRENT STATE, TEM_PARITY_ERR, FUNC,
CORRECT_DATA_PARITY, R_W, GCFE_CMD_BIT, LATCHED CORRECT ADDR )

begin
case CURRENT_STATE 1is
when IDLE => -- State O

it (TEM_PARITY_ERR = "0" and CORRECT_DATA_PARITY = "1" and R_W = 01"
and GCFE_CMD_BIT = "0" and LATCHED_CORRECT_ADDR = "1%) then
NEXT_STATE <= DELAY;

else

NEXT_STATE <= IDLE;
end if;
when DELAY => -- State 1

NEXT_STATE <= LOAD;

when LOAD => -- State 2
NEXT_STATE <= IDLE;

when others =>-- State 3
NEXT_STATE <= IDLE;

end case;
end process;

FSM_CONTROL: process (NRESET, CLK)
begin
if (NRESET = "0") then
CURRENT_STATE <= IDLE;
elsift (CLK*EVENT and CLK = "1%) then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

-— Clock SEU registers if write to Time Delay Reg 1,2 or 3.
SEU_REG_CLOCK: process (NRESET, CURRENT_STATE, FUNC )
begin
iT ( NRESET = "0") then
SEU_REG_CLK <= "0";
elsif (CURRENT_STATE = LOAD and
( FUNC = 011" or FUNC = "100"™ or FUNC = "101'™) ) then
SEU_REG_CLK <= "1°%;
else
SEU_REG_CLK <= "0";
end if;
end process;
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WRITE_SEU_REGISTERS: process (SEU_REG CLK )
begin
iT ( SEU_REG_CLK"EVENT and SEU_REG _CLK = "1")then
case FUNC is
- 000" Status register, no write command

-— "001" Last error command register, no write

when 011" => -- Peak hold to GCFE range decision delay.

RANGE_DELAY_REG <= REG_DATA_IN(5 downto 0) ;
ADC_SAMPLE_DELAY_REG <= ADC_SAMPLE_DELAY_REG;
ADC_CONV_TIME_REG <= ADC_CONV_TIME_REG;

when 100" => -- GCFE range decision to ADC sample delay
ADC_SAMPLE_DELAY_REG <= REG_DATA_IN(5 downto 0) ;

RANGE_DELAY_REG <= RANGE_DELAY_REG;

ADC_CONV_TIME_REG <= ADC_CONV_TIME_REG;

when 101" => -— ADC conversion time delay
ADC_CONV_TIME_REG <= REG_DATA_IN(7 downto 0) ;

RANGE_DELAY_REG <= RANGE_DELAY_REG;

ADC_SAMPLE_DELAY_REG <= ADC_SAMPLE_DELAY_REG;

when others =>
RANGE_DELAY_REG <= RANGE_DELAY_REG;
ADC_SAMPLE_DELAY_REG <= ADC_SAMPLE_DELAY_REG;
ADC_CONV_TIME_REG <= ADC_CONV_TIME_REG;
end case;

end if;

end process;

WRITE_NON_SEU REG: process (NRESET, CLK)
begin
iT (NRESET = "0")then
CONFIG_REG <= (others => "0%);
DAC_DATA_REG <= (others => "0%);
NONSEU_REG _LOAD <= "0";
DAC WRITE <= "07;

elsif(CLK"EVENT and CLK = "1%)then

iT ( CURRENT_STATE = DELAY ) then
case FUNC is
when "111" => -- Write to config register.
DAC_WRITE <= "0%;
DAC_DATA REG <= DAC_DATA_REG;
if (WRITE_KEY = "1%) then -- Use extra check to change parity or GCFE read
config.
CONFIG_REG <= REG_DATA_ IN(2 downto 0) ;
NONSEU_REG_LOAD <= "1*;
else
CONFIG_REG <= CONFIG_REG;
NONSEU_REG_LOAD <= "0";
end if;

when 110" => -- Onboard digital to analog converter
DAC_DATA_REG <= REG_DATA_IN ;

DAC WRITE <= "1°%;

NONSEU_REG_LOAD <= "1°;
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when others =>

CONFIG_REG <= CONFIG_REG;

DAC WRITE <= "07;

NONSEU_REG LOAD <= "0";

if ( DAC_DATA REG SHIFT = "1%) then
DAC_DATA_REG(15 downto 1) <= DAC_DATA REG(14 downto 0);
DAC_DATA REG(0) <= DAC_DATA_IN;

else
DAC_DATA REG <= DAC_DATA REG;

end if;

end case;

-— Pass shifted dac _data reg to gcrc_dac module.
elsit ( DAC_DATA REG_SHIFT = "1") then
DAC_DATA_REG(15 downto 1) <= DAC_DATA REG(14 downto 0);
DAC_DATA _REG(0) <= DAC DATA IN; -- Take in data shifted out of dac.
CONFIG_REG <= CONFIG_REG;
DAC WRITE <= "0%;
NONSEU_REG_LOAD <= "0";
else
CONFIG_REG <= CONFIG_REG;
DAC_DATA REG <= DAC_DATA REG;
DAC WRITE <= "0%;
NONSEU_REG_LOAD <= "0";
end if;
end if;
end process;

-— Error given if write gcrc command is to correct address,
-— but no register write is performed.
WRITE_CMD_ERROR: process (NRESET, CURRENT_STATE, SEU_REG_CLK, NONSEU_REG_LOAD)
begin
if (NRESET = "0") then
WRITE_CMD_ERR <= "0";
elsit ( CURRENT_STATE = LOAD and NONSEU_REG LOAD = "0" and SEU_REG_CLK = "0%)
WRITE_CMD_ERR <= "1°7;
else
WRITE_CMD_ERR <= "0";
end if;
end process;

end GCRC_REG;

then
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54  GCRC_DAC.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_DAC.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab
--Revision: 1.0 (11-12-01)
-— First version.
5.0 No change.
5.1 No Change.
-- 5.2 No Change.
5.3 No Change.

--Function: Controls Function and Signals between the onboard digital to analog
-— converter and the GCRC. Module GCRC_REG outputs the DAC data values.

library IEEE;
use IEEE.std logic_1164._all;
use leee.std logic_unsigned.all;

entity GCRC _DAC is

port (

NRESET : in std_logic; -- Global RESET.

CLK : in std_logic; -- System 20 Mhz clk.

DAC_WRITE : in std _logic; -- DAC write request from GCRC_REG module.

DAC_DATA REG_SHIFT : buffer std _logic; -- Command DAC data to be shifted, to
GCRC_REG.

DAC_NCS : buffer STD_LOGIC; -- Chip SELECT for the DAC

DAC_CLK : buffer std_logic; -- Clock to DAC

GCRC_DAC _WRITE : buffer std_logic -- GCRC is writing to the DAC, to GCRC_TRIG
module.

end GCRC_DAC:

architecture GCRC_DAC of GCRC _DAC is

Constant IDLE :std_logic := "0~;
Constant WRITE :std_logic = "1%;

signal DAC_WRITE_DONE : std _logic;

signal DAC_BIT_COUNT : std _logic_vector(4 downto 0);
signal CLK_COUNT : std _logic_vector(l downto 0);
signal CURRENT_STATE,NEXT_STATE: std_logic;

begin

FSM_State: process (CURRENT_STATE, DAC_WRITE, DAC_WRITE_DONE)
begin
case Current_State is

when IDLE =>

DAC NCS <= "1";

GCRC_DAC WRITE <= "0";

if ( DAC_ WRITE = "1" ) then
NEXT_STATE <= WRITE ;
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else
NEXT_STATE <= IDLE;
end if;

when WRITE =>

DAC_NCS <= "0" ;

GCRC_DAC WRITE <= "17;

iT (DAC_WRITE_DONE = "1" ) then
NEXT_STATE <= IDLE ;

else
NEXT_STATE <= WRITE;

end if;

when others=>
DAC _NCS <= "1-7;
NEXT_STATE <= IDLE;
GCRC_DAC_WRITE <= "0";
end case;
end process;

FSM_STATE_CHANGE:process (NRESET, CLK)
begin
iT (NRESET = "0") then
CURRENT_STATE <= IDLE;
elsif( CLK"event and CLK = "1%) then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

DAC_SERIAL_WRITE: process(NRESET, CLK)
begin
iT (NRESET = "0") then
DAC CLK <= "0";
CLK_COUNT <= (others => "0%);
DAC BIT_COUNT <= (others => "0%);
DAC_WRITE_DONE <= *0-";
DAC_DATA_REG_SHIFT <= "0%;
elsit( CLK"event and CLK = *1%) then
iT ( CURRENT_STATE = WRITE ) then
if ( DAC_BIT_COUNT = "10000'") then
DAC_WRITE_DONE <= "1% ;
CLK_COUNT <= (others => "0%);
DAC CLK <= "0";
DAC_BIT_COUNT <= (others => "0%);
DAC_DATA_REG_SHIFT <= "0°%;
else
CLK_COUNT <= CLK_COUNT + 1 ;
DAC_WRITE_DONE <= "0%;
case CLK COUNT is
when 00" =>
DAC CLK <= "0" ;
DAC_DATA_REG_SHIFT <= "0%;
DAC _BIT_COUNT <= DAC BIT_COUNT;

when 01" =>
DAC CLK <= "0" ;

DAC_DATA_REG_SHIFT <= "0";
DAC_BIT_COUNT <= DAC_BIT_COUNT;
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when 10" =>
DAC CLK <= "1" ;
DAC_DATA REG_SHIFT <= "1* ;

DAC_BIT_COUNT <= DAC_BIT_COUNT;

when 11" =>
DAC CLK <= "1" ;
DAC_DATA REG_SHIFT <= 0" ;

DAC BIT_COUNT <= DAC BIT_COUNT + 1 ;
when others =>
DAC CLK <= "0";
DAC_DATA REG_SHIFT <= "0%;

DAC_BIT_COUNT <= DAC_BIT_COUNT;

end case;
end if; —- ITf Dac_bit count
else -- If current_state = write.

DAC_WRITE _DONE <= "07;
CLK_COUNT <= (others => "0%);
DAC CLK <= "0";
DAC BIT_COUNT <= (others => "0%);
DAC_DATA REG _SHIFT <= "0";
end if;
end if; -—- If clk"event

end process;

end GCRC_DAC;
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55 GCRC_GCFE.VHD

--Project name: GLAST GCRC

--Filename: GCRC_GCFE.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab.

--Revision: 1.0 (11-12-01)

-— First version.

-— 1.0 Rev C (11-16-01), fixed problems in forwarding GCFE returned data.

-— Also fixed glitches on GCFE RESET line.

- 2.0 RevB (1-16-02) modified GCFE_WRITE signal assignment.

- 4.0 (3-05-02) Add flip flops to Clock in GCFE data prior to multiplexer.
- 4.0 Rev A (3-29-02) Added check for Latched_Correct_Addr and Correct_ Addr
-- to get out of IDLE state.

- 5.0 (11-08-02) Changed TEM command decoding as stated in GCRC_Cental header

- Changed GCFE write

-— from: GCFE Data transmitted on pos Clk, Dag_Clk inverted from Clk,

-— to: GCFE Data transmitted on positive Clk, Dag_Clk inverted.

- Changed GCFE read

- from: Read GCFE data on pos Clk, Dag_Clk non-inverted

- to: Read GCFE data on pos Clk, Dagq_Clk inverted.

-— 5.1 (12-09-02) Changed Clocking in GCFE communications

- GCFE write

- Data transmitted on falling system clk, Dagq_Clk asserted high on rising
system clk.

-— GCFE read

-— Dag_Clk asserted high on rising system clk, Return data latched on rising
system clk.

- Readout Clocking

- Daq_Clk asserteed high on falling system clk.

-— 5.2 (12-10-02) Change GCFE clocking to Daq_Clk in phase with system clk for
register reading and writing.

-— Data transmitted out of phase and returned data is latched inphase with
system clk.

- 5.3 (12-12-02) Changed GCFE clocking communicattion to read back GCFE data at
half the system clk rate.

- GCFE write

- Data transmitted on falling system clk, Dagq_Clk asserted high on rising
system clk.

- GCFE read

-— Daqg_Clk asserted high on ever-other rising system clk, Return data latched
on same rising half clk.

- Readout Clocking

- Daq_Clk asserteed high on falling system clk.

- Method of reading in GCFE data at half clk rate and sending out data at full

clk rate.

-— Not having a FIFO, the implementation is as follows:

- 1) Two GCFE data bits are read in at half clk rate.

- 2) Central Control shifts out the stored 14 FA bits + parity + 2 GCFE data
bits at

-— full clk rate while GCFE module is reading 8 more data bits at half rate.
-— 3) Cental Control shifts out the 8 GCFE data bits at full clk rate while
GCFE module

- reads 4 GCFE data bits at half rate.

-— 4) Central control shifts out the 4 data bits at full clk rate, + last two
GCFE data bits

-— and appends error and parity bits.



LAT-DS-03519-50 Calorimeter Readout Control ASIC — VHDL Code Page 44 of 80

--Function: Handles communication to the external GCFE chips.

library I1EEE;
use ieee.std logic _1164.all;
use leee.std _logic_unsigned.all;

entity GCRC_GCFE is

port(

NRESET : in std _logic; -- Global RESET.

CLK : in std_logic; -- System 20 MHz clk.

GCFE_ADDR : in std_logic_vector(3 downto 0); -- GCFE address sent by TEM.

-
=)

GCFE_CMD_BIT std_logic; -- TEM command is for GCFE.

R W : In std_logic_vector(1 downto 0); -- Read/Write not

FUNC : In std_logic _vector(2 downto 0); -- TEM function bits

TEM_CMD_DATA MSB : in std_logic; -- TEM cmd data most significant bit, from
CENTRAL_CONTROL .

CORRECT_FA PARITY : in std _logic; -- TEM command function and addrss has correct
parity.

CORRECT_DATA_PARITY: in std_logic; -- TEM command data has correct parity.

TEM_PARITY_ERR : in std_logic; -- Latched value of any TEM command parity error.

GCFE_DATA : in std_logic_vector(1l downto 0); -- Serial data bits from 12 GCFEs.

GCFE_CLK_ENV : in std _logic; -- DAQ _CLK envelope from GCRC READOUT module.

GCFE_RESET_ENV  : in std _logic; -- RESET envelope from GCRC READOUT module.

RIGHT_FIRST : in std_logic; -- Right first, log end addressing switch.

LATCHED_CORRECT_ADDR : in std_logic; -- Latched correct GCRC address.

CORRECT_ADDR : in std_logic; -- Correct GCRC Address.

STATUS_REPLY_ERR : buffer std _logic; -- Error, GCFE not reply prior to timeout.

DAQ _CLK : buffer std_logic;-- Clk out to GCFEs.

GCFE_DELAYED_RTN_DATA : buffer std_logic; -- Mux selected 1 of 12 GCFE data bits.

GCFE_TRANS : buffer std_logic; -- GCFE is transmitting data to GCRC.

GCFE_WRITE : buffer std_logic; -- GCRC is writing to GCFE.

CMD : buffer std_logic; -- Serial command and data to the GCFE.

GRESET : buffer std_logic; -- RESET command to GCFE as data envelope.

GCFE_TRANS_LOWER : buffer std_logic; -- GCFE readback data available to Central
module.

GCFE_SAMPLED _DATA : buffer std_logic vector(ll downto 0) -- Clocked in GCFE data
line.

end GCRC_GCFE;

architecture GCFE_CNTRL_ENTITY of GCRC_GCFE is

Constant GCFE_EXTRA CLKS : std_logic_vector(4 downto 0) := ""00010";
-- Ver 5.1 Increment GCFE_Cmd_Length and GCFE_Short_Cmd_Length by one due to extra clk
given at beginning of write.

Constant GCFE_CMD_LENGTH : std_logic_vector(4 downto 0) := "11001";

-— Ver 5.3 Increment Short Cmd Length by 3 to give one more fast clk prior to reading
at half clk rate.

Constant GCFE_SHORT_CMD_LENGTH : std_logic_vector(4 downto 0) := "01101";
Constant GCFE_REPLY_ DATA LENGTH: std_logic_vector(4 downto 0) := '10000";
Constant GCFE_REPLY_ HALF LENGTH: std_logic_vector(4 downto 0) := '01000";
-- Ver 5.3 Halve Gcfe Reply Timeout due to counting at half system clk rate.
Constant GCFE_REPLY_TIMEOUT : std_logic_vector(4 downto 0) := "00111";
Constant IDLE : std_logic_vector(3 downto 0) := "0000";
Constant RESET_ENV : std_logic_vector(3 downto 0) := "0001";

Constant START BIT : std _logic_vector(3 downto 0) := "0010";
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Constant WRITE
Constant EXTRA_CLKS
Constant REPLY_WAIT
Constant READO :
from Read to ReadO.
Constant READ1

std_logic_vector(3 downto 0)

: std _logic_vector(3 downto 0) := "0011";
: std _logic_vector(3 downto 0) := "0100";
: std_logic_vector(3 downto 0) := "0101";
std _logic_vector(3 downto 0) := "0110"; -- Ver 5.3 changed

""0111"; -- Ver 5.3 added.

Constant READ2 : std logic_vector(3 downto 0) := "1000"; -- Ver 5.3 added.

Constant READ3

signal Counter :
signal COUNTER_EN

signal READBACK_LATCH
signal GCFE_CMD

signal GCFE_RESET

GRESET.

signal GCFE_RTN_DATA
signal EN_READ CLK

signal DAQ_CLK_INPHASE
signal REG_DAQ CLK_INPHASE
signal GCFE_FULL_ CLK :
Clk rate.

signal GCFE_HALF _CLK :
system Clk rate.

signal GCFE_ADDR_FA REG
signal CURRENT_STATE :
signal NEXT_STATE :
signal RETURN_DATAO :
data holding register.
signal RETURN_DATA1l :
data holding register.

begin

std_logic_vector(3 downto 0)

"1001"; -- Ver 5.3 added.

std_logic_vector(4 downto 0);
: std _logic;
std_logic;
std_logic; -- Command bit to GCFE, renamed CMD.
std logic; -- Command envelope RESET to GCFE, renamed

std_logic;

std_logic; -- Ver 5.3 added. Enable for half rate clock.
: std _logic; -- Ver 5.3 added.

: std logic; -- Ver 5.3 added.

std_logic; -- Ver 5.3 added. Enable for Daq Clk at system

std_logic; -- Ver 5.3 added. Enable for Dag_Clk at half

: std _logic_vector(8 downto 0);

std_logic_vector(3 downto 0);

std_logic_vector(3 downto 0);

std_logic_vector(3 downto 0); -- Ver 5.3. Temporary GCFE

std_logic_vector(7 downto 0); -- Ver 5.3.Temporary GCFE

-— CMD <= GCFE_CMD; -- Ver. 5.1, changed from direct assignment to transmitted on

falling clk.
GRESET <= GCFE_RESET; --

Rename RESET line to GCFE chips.

FSM_STATE: process (R_W, GCFE_CMD_BIT, CORRECT_FA_PARITY, CORRECT DATA_PARITY,
CURRENT_STATE, COUNTER, READBACK_ LATCH, TEM_PARITY_ERR, GCFE_RTN_DATA,
LATCHED_CORRECT_ADDR, CORRECT ADDR )

begin

case CURRENT_STATE 1is
-— Ver 4B, Added Correct Addr and Latched Correct Addr to IDLE logic.
when IDLE => -- State O

COUNTER_EN <= "0";

STATUS_REPLY_ERR <= "0%;

GCFE_TRANS <= "0";

GCFE_TRANS_LOWER <= "0";

if ( GCFE_CMD_BIT
( (RW = "10" and

= "1% and TEM_PARITY_ERR = "0" and
CORRECT_FA_PARITY = *"1° and CORRECT_ADDR = "1%) or

( R_W = "01" and CORRECT DATA_PARITY = "1 and LATCHED CORRECT ADDR = "1%)) )

then

NEXT_STATE <= RESET_ENV ;

else

NEXT_STATE <= IDLE;

end if;

when RESET_ENV =>

-- State 1
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COUNTER_EN <= "0";
STATUS_REPLY_ERR <= "0%;
GCFE_TRANS <= "0";
NEXT_STATE <= START _BIT;
GCFE_TRANS_LOWER <= "0%;

when START BIT => -- State 2
COUNTER_EN <= "0~;
STATUS_REPLY_ERR <= "07;
GCFE_TRANS <= "0";
NEXT_STATE <= WRITE;
GCFE_TRANS_LOWER <= "0%;

when WRITE => -- State 3
STATUS_REPLY_ERR <= "0%;
GCFE_TRANS <= "0" ;

GCFE_TRANS LOWER <= "0%;
iT ( READBACK _LATCH = "1" ) then
if ( COUNTER = GCFE_SHORT_CMD_LENGTH ) then
NEXT_STATE <= REPLY_WAIT ;
COUNTER_EN <= "0" ;
else
NEXT_STATE <= WRITE;
COUNTER_EN <= "1*;
end if;

elsift ( COUNTER
COUNTER_EN <=
NEXT_STATE <=
else
NEXT_STATE <=
COUNTER_EN <=
end if;

when EXTRA _CLKS =>

= GCFE_CMD_LENGTH ) then
0
EXTRA_CLKS;

WRITE ;
"7

-- State 4

STATUS_REPLY ERR <= "0";

GCFE_TRANS <= "0";

GCFE_TRANS_LOWER <= "0";

if( COUNTER = GCFE_EXTRA_CLKS )then

COUNTER_EN <=

NEXT_STATE <=
else

NEXT_STATE <=

COUNTER_EN <=
end if;

EXTRA_CLKS;
Il.;

when REPLY_WAIT => -- State 5
GCFE_TRANS <= "0";
GCFE_TRANS_LOWER <= "0%;
if ( COUNTER = GCFE_REPLY_TIMEOUT ) then
NEXT_STATE <= IDLE;
COUNTER_EN <= "0";
STATUS_REPLY ERR <= "1°%;

elsit ( GCFE_RTN_DATA = "1" ) then
NEXT_STATE <= READO;
COUNTER_EN <= "0°" ;
STATUS_REPLY_ERR <= "0%;

else
NEXT_STATE <= REPLY_WAIT;
COUNTER_EN <= =1°%;
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STATUS_REPLY_ERR <= "0%;
end if;

-- Ver 5.3, Renamed from Read to Read0. State for first 2 returned GCFE data
bits.
when READO => -- State 6
COUNTER_EN <= "1%;
STATUS REPLY_ERR <= "07;
GCFE_TRANS_LOWER <= "0%;
if( COUNTER = "00001" )then
NEXT_STATE <= READ1;
GCFE_TRANS <= "1°;
else
NEXT_STATE <= READO ;
GCFE_TRANS <= "0";
end if;

-- Added Ver 5.3. State for next 8 returned GCFE data bits.
when READ1 => -- State 7
COUNTER_EN <= "1° ;
STATUS _REPLY_ERR <= "07;
GCFE_TRANS <= "1°7;
GCFE_TRANS LOWER <= "0%;
if( COUNTER = "01001" )then
NEXT_STATE <= READ2;
else
NEXT_STATE <= READ1;
end if;

-- Added Ver 5.3. State for next 4 returned GCFE data bits.
when READ2 => -- State 8
GCFE_TRANS LOWER <= "1°%;
COUNTER_EN <= *1*° ;
STATUS_REPLY _ERR <= "0%;
GCFE_TRANS <= "1°;
if( COUNTER = "'01101" )then
NEXT_STATE <= READ3 ;
else
NEXT_STATE <= READ2 ;
end if;

-- Added Ver 5.3. State for last 2 returned GCFE data bit and transferring data
to Central Module.
when READ3 => -- State 9
GCFE_TRANS_LOWER <= "1°%;
COUNTER_EN <= "1° ;
STATUS_REPLY_ERR <= "0°%;
GCFE_TRANS <= "17;
iT( COUNTER = '10000'" )then
NEXT_STATE <= IDLE ;
else
NEXT_STATE <= READ3 ;
end if;

when others =>
NEXT_STATE <= IDLE;
COUNTER_EN <= "0~;
STATUS_REPLY_ERR <= "0";
GCFE_TRANS <= "0°%;
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GCFE_TRANS LOWER <= "0%;
end case;
end process;

FSM_CONTROL: process (NRESET, CLK)
begin
if (NRESET = "0") then
CURRENT_STATE <= IDLE;
elsift(CLK"event and CLK = "1%) then
-— If reading back data at half the clock rate, update the state only on DAQ CIk
rising edges.
iT ( CURRENT_STATE=REPLY_WAIT or CURRENT_STATE=READO or CURRENT_STATE=READ1 or
CURRENT_STATE=READ2
or CURRENT_STATE=READ3 ) then
if ( EN_READ_CLK = "0" ) then
CURRENT_STATE <= NEXT_STATE;
else
CURRENT_STATE <= CURRENT_STATE;
end if;
else
CURRENT_STATE <= NEXT_STATE;
end if;
end if;
end process;

-- Ver 5.1 Changed
-— From: Dag_Clk Inverted from Clk on GCFE write, Daq_Clk positive with Clk on GCFE
Read
-— To: Daq_Clk inverted from Clk on Log-accept and Range bit readouts
-— Daqg_CIlk Not inverted on both GCFE write and read.
-- Ver 5.3 Add code for Daq Clk to be half the system clk rate for GCFE data
readback.
GCFE_CLK: process (NRESET, CLK, GCFE_CLK ENV, EN_READ CLK, REG_DAQ CLK_INPHASE,
GCFE_FULL_CLK, GCFE_HALF_CLK )
begin
if (NRESET = "0") then
DAQ CLK <= "0";
DAQ _CLK_INPHASE <= "0";
-— Inverted clock for clocking out log-accept and range readout bits.
elsift ( GCFE_CLK_ENV = "1 ) then
DAQ_CLK <= not CLK;
DAQ_CLK_INPHASE <= "0";
-- Non- inverted clock for GCFE writing
elsif ( GCFE_FULL_CLK = "17) then
DAQ CLK <= CLK;
DAQ_CLK_INPHASE <= "1°";
-— Half rate clock for GCFE data readback.
elsif ( GCFE_HALF CLK = "1 ) then
DAQ_CLK_INPHASE <= *1";
if ( EN_READ_CLK = "1" ) then
DAQ CLK <= "17;
else
DAQ CLK <= "0-";
end if;
else
DAQ_CLK_INPHASE <= "0";
-- Does not glitch Dagq_Clk when turning off. Holds Daq_Clk high for one clock
cycle when completing.
if ( REG_DAQ CLK_INPHASE = "1" ) then
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DAQ CLK <= "1%;
else
DAQ CLK <= "0";
end if;
end if;
end process;

-— Enable for full or half rate Dagq_Clk to GCFE.
GCFE_CLK_EN: process ( NRESET, CLK )
begin
iT (NRESET = "0") then
GCFE_FULL_CLK <= *0";
GCFE_HALF_CLK <= "0";
elsit ( CLK"event and CLK = ®"1%) then
iT ( NEXT_STATE = WRITE ) then
GCFE_FULL_CLK <= *1*7;
GCFE_HALF_CLK <= *0";
elsif ( NEXT_STATE = REPLY_WAIT ) then
GCFE_FULL_CLK <= "0";
GCFE_HALF_CLK <= ®1*%;
elsif ( CURRENT_STATE = IDLE ) then
GCFE_FULL_CLK <= "0";
GCFE_HALF_CLK <= "0";
else
GCFE_FULL_CLK <= GCFE_FULL_CLK;
GCFE_HALF CLK <= GCFE_HALF CLK;
end if;
end if;
end process;

-— Ver 5.3 Register added to remember if Daq Clk was in phase or out-of-phase with
system clk.
-- In phase Daq_Clks will produce glitch clk when turned off.
REG_DAQ CLK PHASE: process(NRESET, CLK)
begin
if (NRESET = "0") then
REG_DAQ_CLK_INPHASE <= "0";
elsit ( CLK"event and CLK="1" ) then
REG_DAQ_CLK INPHASE <= DAQ_CLK INPHASE;
end if;
end process;

-- Ver 5.3 added. This determines when the half rate clock is asserted, and
correspondingly
- when the data is latched in.
HALF_CLK_ENABLE: process (NRESET, CLK)
begin
ifT (NRESET = "0") then
EN_READ CLK <= "1%;
elsif ( CLK"event and CLK = "1%) then
iT ( CURRENT_STATE=REPLY_WAIT or CURRENT_STATE=READO or CURRENT_STATE=READ1 or
CURRENT_STATE = READ2 or CURRENT_STATE = READ3 )then
EN_READ CLK <= not EN_READ CLK;
else
EN_READ CLK <= "1%;
end if;
end if;
end process;
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-— GCFE RESET 1is controlled in this module and in the GCRC_READOUT module.
GCFE_RESET_CONTROL: process (NRESET, CLK)
begin
it (NRESET = "0") then
GCFE_RESET <= "1°;
elsif ( CLK"event and CLK = "1" ) then
iT ( CURRENT_STATE /= IDLE or GCFE_RESET_ENV = "0") then
GCFE_RESET <= "0~;
else
GCFE_RESET <= "1°;
end if;
end if;
end process;

-— GCFE Write disables triggers and informs GCRC Central to shift TEM cmd data.
GCFE_WR: process (NRESET, CLK)
begin
iT (NRESET = "0") then
GCFE_WRITE <= "0~;
elsif ( CLK"event and CLK = "1" ) then
case CURRENT_STATE 1is
when START_BIT =>
GCFE_WRITE <= "1°;
when WRITE =>
GCFE_WRITE <= "1°;
when EXTRA_CLKS =>
GCFE_WRITE <= "1°;
when REPLY_WAIT =>
GCFE_WRITE <= "17;
when others =>
GCFE_WRITE <= "0";
end case;
end if;
end process;

-- Remember i1f expecting returned data from the GCFE
GCFE_READBACK _LATCH: process (NRESET, CLK)
begin
if ( NRESET = "0") then
READBACK_LATCH <= "0°%;
elsif ( CLK"event and CLK = "1" ) then
it ( CURRENT_STATE = IDLE ) then
if ( RW="10") then
READBACK _LATCH <= "1°7;
else
READBACK_LATCH <= "0%;
end if;
else
READBACK_LATCH <= READBACK_ LATCH;
end if;
end if;
end process;

-- Clocks in data from GCFE. 1 clock delay in GCFE data.
-— No Reset condition so Xilinx implements in I10B FF.
GCFE_DATA_SAMPLE: process ( CLK)
begin
if ( CLK"event and CLK = ®"1%) then
-- IT reading back register data, sample at half system clock rate.
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if ( CURRENT_STATE=REPLY_WAIT or CURRENT_STATE=READO or CURRENT_STATE=READ1
or CURRENT_STATE=READ2 or CURRENT_STATE=READ3) then
if ( EN_READ CLK <= *0" ) then
GCFE_SAMPLED_DATA <= GCFE_DATA;
else
GCFE_SAMPLED DATA <= GCFE_SAMPLED DATA;
end if;
else
-- Read data at full clock rate.
GCFE_SAMPLED DATA <= GCFE_DATA;
end if;
end if;
end process;

GCFE_DATA_MUX: process(GCFE_ADDR_FA REG, RIGHT FIRST, GCFE_SAMPLED_DATA)

begin
if ( RIGHT_FIRST = "0" ) then -- No reversing of addressing.
case GCFE_ADDR_FA REG(8 downto 5) is -- Register bits containing GCFE address.

when ""0000" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(O) ;
when *""0001" =>
GCFE_RTN_DATA <= GCFE_SAMPLED_DATA(1) ;
when '"0010" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(2) ;
when "0011" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(3) ;
when '"0100" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(4) ;
when ''0101" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(5) ;
when "0110" =>
GCFE_RTN_DATA <= GCFE_SAMPLED_DATA(6) ;
when ""0111" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(7) ;
when 1000 =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(8) ;
when '"1001" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(9) ;
when "1010" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(10) ;
when "1011" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(11) ;
when others =>
GCFE_RTN_DATA <= "0" ;
end case;
else -- Right_first = 1, swithch addressing.
case GCFE_ADDR_FA REG(8 downto 5) is
when ""0000" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(11) ;
when *""0001" =>
GCFE_RTN_DATA <= GCFE_SAMPLED_DATA(10) ;
when 0010 =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(9) ;
when "0011" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(8) ;
when '"0100" =>
GCFE_RTN_DATA <= GCFE_SAMPLED_ DATA(7) ;
when ''0101" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(6) ;
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when 0110 =>
GCFE_RTN_DATA <= GCFE_SAMPLED_ DATA(5) ;
when ""0111" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(4) ;
when ''1000" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(3) ;
when *"1001" =>
GCFE_RTN_DATA <= GCFE_SAMPLED_DATA(2) ;
when ''1010" =>
GCFE_RTN_DATA <= GCFE_SAMPLED DATA(1) ;
when "1011" =>
GCFE_RTN_DATA <= GCFE_SAMPLED_ DATA(0) ;
when others =>
GCFE_RTN_DATA <= "0" ;

end case;

end if; -- If Right first.

end process;

-— GCFE Data is sent to GCRC_Central module
-— Ver 5.3 If Half _Clock readback mode, send data from registers
GCFE_RTN_DATA DELAY: process (NRESET, CURRENT_STATE, RETURN_DATAO, RETURN_DATAl )
begin
iT (NRESET = "0") then
GCFE_DELAYED_RTN_DATA <= "0";
else
case CURRENT_STATE 1is
when READ1 =>
GCFE_DELAYED_RTN_DATA <= RETURN_DATAO0(3);

when READ2 =>
GCFE_DELAYED_RTN_DATA <= RETURN_DATA1(7);

when READ3 =>
GCFE_DELAYED _RTN_DATA <= RETURN_DATA0(3);

when others =>
GCFE_DELAYED RTN_DATA <= "0%;

end case;
end if;
end process;

-— Ver 5.3 Added. Put GCFE reply data into one of two shift registers.
- First shift register can be sending data back to the TEM at full system clock
rate
-—- while the second register is storing the GCFE data at a slower clock rate.
GCFE_DATA REGISTER: process (NRESET, CLK)
begin
if (NRESET = "0") then
RETURN_DATAO <= (others => "0%);
RETURN_DATA1 <= (others => "0%);
elsit ( CLK"event and CLK = ®"1" ) then
case CURRENT_STATE 1is
-— Read 3 GCFE return data bits into Return_DataO.
when READO =>
if ( EN_READ CLK = "0") then
RETURN_DATAO(3) <= RETURN_DATA0(2);
RETURN_DATAO(2) <= GCFE_RTN_DATA;
RETURN_DATAO(1 downto 0) <= (others => "0%);
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else

RETURN_DATAO <= RETURN_DATAO;
end if;
RETURN_DATAl <= (others => "0%);

-— Read 9 GCFE return data bits into Return_Datal, Shift bits in Return_DataO
to Central Module.
when READ1 =>
RETURN_DATAO(3 downto 1) <= RETURN_DATAO(2 downto 0);
RETURN_DATAO(O) <= "0";
if ( EN_READ_CLK = "0" ) then
RETURN_DATA1(7 downto 1) <= RETURN_DATA1(6 downto 0);
RETURN_DATA1(0) <= GCFE_RTN_DATA;
else
RETURN_DATA1l <= RETURN_DATA1;
end if;

-- Read 4 GCFE return data bits in Return_DataO, Shift bits in Return_datal to
Central Module.
when READ2 =>
IF ( EN_READ_CLK = "0" ) then
RETURN_DATAO(3 downto 1) <= RETURN_DATAO(2 downto 0);
RETURN_DATAO(0) <= GCFE_RTN_DATA;
else
RETURN_DATAO <= RETURN_DATAO;
end if;
RETURN_DATA1(7 downto 1) <= RETURN_DATA1(6 downto 0);
RETURN_DATAL1(0) <= "0";

-— Finish transferring data, while read in last 2 GCFE returned data bits.
when READ3 =>

if ( COUNTER = "01110" and EN_READ CLK = "0") then
RETURN_DATAO(1) <= GCFE_RTN_DATA;

else
RETURN_DATAO(1) <= RETURN_DATA0(0);

end if;

if ( COUNTER = "01111" and EN_READ CLK = "0") then

RETURN_DATAO(2) <= GCFE_RTN_DATA;
else

RETURN_DATAO(2) <= RETURN_DATAO(1):
end if;
RETURN_DATAO(3) <= RETURN_DATAO0(2);
RETURN_DATAO(O) <= "0";
RETURN_DATAl1l <= (others => "0%);

when others =>
RETURN_DATAO <= (others => "0%);
RETURN_DATAl <= (others => "0%);
end case;
end if;
end process;

CNTRL_COUNTER: process (NRESET, CLK)
begin
ifT (NRESET = "0")then
COUNTER <= (others => "0%);
elsit(CLK"event and CLK = "1")then
-— If reading GCFE data back at half clock rate, do not count every-other system
clk.
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if ( not((CURRENT_STATE= REPLY_WAIT or CURRENT_STATE = READO or
CURRENT_STATE=READ1 or
CURRENT_STATE=READ2 or CURRENT_STATE=READ3) and EN_READ CLK = "1%) ) then
if (COUNTER_EN = "1")then
COUNTER <= COUNTER + 1;
else
COUNTER <= (others => "0%) ;
end if;
else
COUNTER <= COUNTER;
end if;
end if;
end process;

-— Transmitting TEM commanded address, function and data to the GCFEs.
-— Data bits, TEM_CAMD_DATA MSB, are shifted in from GCRC_CENTRAL_CONTROL module.
-- For reading GCFEs, data bits sent directly to GCRC_CENTRAL_CONTROL module.
DATA_CMD: process(NRESET, CLK)
begin
if (NRESET = "0") then
GCFE_CMD <= "0°%;
GCFE_ADDR_FA REG <= (others => "0%);
elsif( CLK"event and CLK = "1%) then
case CURRENT_STATE 1is
when RESET _ENV =>
GCFE_CMD <= "0" ;
GCFE_ADDR_FA REG <= GCFE_ADDR & R_W & FUNC; -- Grab address and function bits.

when START_BIT =>
GCFE_CMD <= "1% ; --start bit to GCFE
GCFE_ADDR_FA REG <= GCFE_ADDR_FA REG;

when WRITE =>
GCFE_CMD <= GCFE_ADDR_FA REG(8) ;

if ( NEXT_STATE = REPLY_WAIT ) then -- Relatch GCFE address for data mux.
GCFE_ADDR_FA_REG <= GCFE_ADDR & R_W & FUNC ;
else

GCFE_ADDR_FA REG(8 downto 1) <= GCFE_ADDR_FA REG(7 downto 0);
GCFE_ADDR_FA REG(0) <= TEM_CMD_DATA MSB;
end if;

when others =>
GCFE_CMD <= "0°%;
GCFE_ADDR_FA_REG <= GCFE_ADDR_FA_REG;
end case;
end if;
end process;

-— Send data to GCFE on falling system clock. No reset condition so implemented in
Xilinx 1/0 module.

-- Half clock cycle delay between GCFE_CMD and CMD.
DATA OUT: process(CLK)
begin

if ( CLK"event and CLK = "0") then

CMD <= GCFE_CMD;

end if;

end process;
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end GCFE_CNTRL_ENTITY;
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56 GCRC_CALIB.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_CALIB.vhd

--Created by Jim Ampe / Michael Condon, Naval Reserach Lab
--Revision: 1.0 (11-12-01)
- First version.
4.0 (3-5-02) Remove 3.2 usec calibration pulse delay.
5.0 No change.
- 5.1 No change.
5.2 No Change.
5.3 No Change.

--Function: Asserts the CALIB line to the GCFE"s for a fixed pulse width, when
commanded by
- the TEM.

Library ieee;
use ieee.std logic _1164.all;
use leee.std _logic_unsigned.all;

entity GCRC_CALIB is

port (
NRESET : in std_logic; -— Chipwide RESET, asserted low.
CLK : in std_logic; -- 20 MHz System Clock.
CALIB_CMD : in std_logic; -- Decode Calibration command from TEM.
CALIB_STRB > buffer std_logic -- Calibration line to the GCFEs.

end GCRC_CALIB;
architecture GCRC_CALIB of GCRC_CALIB is

constant CALIB_PULSE : std _logic_vector(6 downto 0) := "1111111";
--constant CALIB_DELAY : std _logic_vector(6 downto 0) := "0111111";
constant IDLE std_logic := "0";

constant PULSE std_logic = "17;

signal CALIB_COUNTER : std _logic_vector(6 downto 0);

signal CALIB_COUNTER_EN : std _logic;

signal NEXT_STATE, CURRENT_STATE : std logic;

begin

FSM_STATE: process (CURRENT_STATE, CALIB_CMD, CALIB_COUNTER)is
begin
case CURRENT_STATE is
when IDLE =>
CALIB_COUNTER _EN <= "0%;
CALIB_STRB <= "0%;
if ( CALIB_CMD = "1%) then
NEXT_STATE <= PULSE;
else
NEXT_STATE <= IDLE;
end if;
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when PULSE =>

CALIB_COUNTER_EN <= "1°%;

CALIB_STRB <= "1-;

if ( CALIB _COUNTER = CALIB PULSE) then
NEXT_STATE <= IDLE;

else
NEXT_STATE <= PULSE;

end if;

when others =>
CALIB_COUNTER EN <= "0%;
CALIB _STRB <= "0";
NEXT_STATE <= IDLE;

end case;
end process;

FSM_CONTROL: process (NRESET, CLK)is
begin
iT (NRESET = "0")then
CURRENT_STATE <= IDLE;
elsift(CLK"event and CLK = "1%) then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

CALIB_COUNT: process (NRESET, CLK)is
begin
iT (NRESET = "0")then
CALIB_COUNTER <= (others => "0%);
elsif(CLK"event and CLK = "1")then
if ( CALIB_COUNTER_EN = "0" ) then
CALIB_COUNTER <= (others => "0%) ;
else
CALIB _COUNTER <= CALIB_COUNTER + 1 ;
end if;
end if;
end process;

end GCRC_CALIB;
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5.7 GCRC_ADC.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_ADC.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab
--Revision: 1.0 (11-12-01)

- First Version

- 5.0 No change

-— 5.1 No change.

-- 5.2 No Change.

- 5.3 No Change.

—--Function: Controls the state of the onboard ADCs. Does not readout the ADC data.

Library ieee;
use leee.std logic_1164._all;
use leee.std logic_unsigned.all;

entity GCRC_ADC is

port (

NRESET : in std_logic; --Chipwide RESET, asserted low

CLK : in std_logic; --20 MHz System Clock

ADC_SAMPLE : in std_logic; -- Notification to begin ADC conversion, from
GCRC_READOUT

ADC_READ_DONE : in std_logic; -- ADC data has been read, from GCRC_READOUT

ADC_CONV_TIME_REG : in std_logic_vector(7 downto 0); -- ADC conversion time
stored in register

ADC_READ_BEGIN : buffer std_logic; —-- Begin ADC readout, to GCRC_READOUT

ADC_NCS : buffer std_logic; -- Chip Sel line to Analog to Digital
Converter.

ADC_SAMPLE_CLK : buffer std_logic --Clock to the ADC, filtered by GCRC_READOUT
end GCRg:ADC;
architecture GCRC_ADC of GCRC_ADC is
constant SLEEP_TIME

constant WAKE_TIME
time

std_logic_vector(2 downto 0)
std_logic_vector(5 downto 0)

"011';
110010 ;--2.5 usec min wake

constant SLEEP : std_logic_vector(1l downto 0) := "00";
constant WAKE : std_logic_vector(1 downto 0) := '01";
constant CONV : std _logic_vector(1l downto 0) := "10";
constant TRANS : std _logic_vector(l downto 0) := "11";

signal COUNTER std_logic_vector(7 downto 0); --8 bit binary counter
signal COUNTER_EN std_logic; -- counter enable
signal COUNTER_RESET std _logic; -- counter RESET

signal current _state, next_state : std logic_vector(l downto 0);--States of FSM

begin

FSM_STATES: process (CURRENT_STATE, COUNTER, ADC_SAMPLE, ADC_READ_DONE,
ADC_CONV_TIME_REG)is

begin
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case current_state is

when SLEEP => -- State O
ADC NCS <= "1-7;
ADC_READ_BEGIN <= "0" ;
ADC_SAMPLE CLK <= "1° ;
iT (COUNTER = SLEEP_TIME ) then
NEXT_STATE <= WAKE ;
COUNTER_EN <= "0°" ;
COUNTER_RESET <= "1% ;
else
NEXT_STATE <= SLEEP ;
COUNTER_EN <= *1*° ;
COUNTER_RESET <= "0" ;
end if;

when WAKE => -- State 1
ADC_NCS <= "0" ;
ADC_READ BEGIN <= "OF
ADC_SAMPLE CLK <= "1° ;
iT ( COUNTER = WAKE_TIME ) then
if ( ADC_SAMPLE = "1" ) then
NEXT_STATE <= CONV ;
COUNTER_EN <= "0" ;
COUNTER_RESET <= "1% ;
else
NEXT_STATE <= WAKE ;
COUNTER_EN <= "0" ;
COUNTER_RESET <= "0" ;
end if;
else
NEXT_STATE <= WAKE;
COUNTER_EN <= "1°7;
COUNTER_RESET <= "0%;
end if;

when CONV => -- State 2
ADC_NCS <= "0" ;
ADC_READ BEGIN <= "0" ;
ADC_SAMPLE CLK <= "0" ;
iT ( COUNTER = ADC_CONV_TIME_REG ) then
NEXT_STATE <= TRANS ;
COUNTER_EN <= "0";
COUNTER_RESET <= "1% ;
else
NEXT_STATE <= CONV ;
COUNTER_EN <= "1*;
COUNTER_RESET <= "0" ;
end if;

when TRANS => -- State 3
ADC_NCS <= "0" ;
ADC_SAMPLE CLK <= "0" ;
COUNTER_EN <= "0";
COUNTER_RESET <= "1% ;
if ( ADC_READ DONE = "1" ) then
NEXT_STATE <= SLEEP ;

ADC_READ_BEGIN <= "0" ;
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else
NEXT_STATE <= TRANS ;
ADC_READ BEGIN <= "1° ;
end if;

when others =>
ADC_NCS <= "1" ;
ADC_SAMPLE CLK <= "1° ;
ADC_READ BEGIN <= "0" ;
NEXT_STATE <= SLEEP ;
COUNTER_EN <= "0";
COUNTER_RESET <= "1% ;
end case;
end process;

FSM_CHANGE: process (CLK, NRESET)is

begin
iT (NRESET = "0")then

CURRENT_STATE <= SLEEP ;

elsif(CLK"event and CLK = "1")then
CURRENT_STATE <= NEXT_STATE ;

end if;

end process;

TIME_COUNTER: process (NRESET, CLK)is
begin
iT (NRESET = "0")then
COUNTER <= (others => "0%);
elsit(CLK"event and CLK = "1")then
ifT (COUNTER_RESET = "1%) then
COUNTER <= (others => "0%) ;
elsit ( COUNTER_EN = "1" ) then
COUNTER <= COUNTER + 1 ;
else
COUNTER <= COUNTER;
end if;
end if;
end process;

end GCRC_ADC;
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5.8 GCRC_READOUT.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_READOUT.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab.

--Revision: 1.0 (11-12-01)

- First Version.

- 1.0 Rev B (11-14-01), Range readout skipped ADC LSB, is fixed.

-— 3.0 (2-13-02), latch in log accept bits after they are output by GCFEs.

-— Also deassert GCFE Resest line following last Range Bit read.

- 5.0 (11-08-02) Add another clock cycle delay, a minimum two clock cycles delay
between asserting DAQ CLK to GCFE and reading back data from GCFE chip.

- 5.1 No Change.

-— 5.2 No Change.

- 5.3 No Change.

--Function: Controls readout state machine of GCFE, collects range data from GCFE
-— and ADC pulse height data, serial transmits bits to the TEM.

Library ieee;
use ieee.std_logic_1164._all;
use leee.std _logic_unsigned.all;

entity GCRC_READOUT is

port (

NRESET : in std_logic; --Chipwide RESET, asserted low

CLK : in std_logic; --20 MHz System Clock

TRIGGER : In std_logic; -- Readout command has been received

TRIGGER_MODE : in std_logic; --- "0" is 1 range readout, 1" is 4 range readout"

GCFE_SAMPLED_DATA : in std_logic _vector (11 downto 0); -- Clocked data from 12
GCFE"s

ADC_DATA : in std_logic_vector (11 downto 0); -- Serial data from 12 ADc"s
ADC_READ BEGIN : in std logic; -- Begin ADC readout, from GCRC_ADC module
ADC_SAMPLE_CLK : in std_logic; -- ADC clock from GCRC_ADC module

RANGE_DELAY REG : in std_logic _vector (5 downto 0);
ADC_SAMPLE DELAY_REG : in std_logic_vector (5 downto 0);

CONFIG_PARITY : in std _logic; -- Register parity mode, "0" is odd parity.
GCFE_CLK _ENV  : buffer std logic; -- GCFE clock envelope

START_ACQ : buffer std_logic; -- GCFE readout state machine start signal.
GCFE_RESET_ENV : buffer std logic; -- GCFE command envelope

ADC_READ DONE : buffer std _logic; -- ADC has completed readout, to GCRC_ADC module
ADC_SAMPLE : buffer std _logic; -- Begin ADC conversion, to GCRC_ADC module
ADC_CLK : buffer std_logic;-- ADC Clock to ADC chips

RANGE_DATA_OUTO : buffer std_logic; -- Combined ADC and GCFE data to the TEM

RANGE_DATA_OUT1 : buffer std_logic; -- Combined ADC and GCFE data to the TEM

GCRC_IN_READOUT : buffer std _logic -- GCRC is perfoming range readout, to
GCRC_TRIG module.

end GCRC_READOUT;

architecture GCRC_READOUT of GCRC_READOUT is
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constant IDLE : std logic_vector(3 downto 0) := "0000";

constant START_BIT : std_logic_vector(3 downto 0) := "0001";

constant PEAK HOLD : std _logic_vector(3 downto 0) := "0010";
constant HOLD_DELAY > std_logic_vector(3 downto 0) := "0011";

constant SEL_RANGE : std _logic_vector(3 downto 0) := "0100";
constant LOG_ACCEPT BIT : std logic_vector(3 downto 0) := "0101";
constant LOG BIT DELAY : std_logic_vector(3 downto 0) := "0110";
constant LOG_ACCEPT_READ : std logic_vector(3 downto 0) := "0111";
constant RANGE_DELAY : std _logic_vector(3 downto 0) := "1000";

constant CONVERSION : std _logic_vector(3 downto 0) := "1001";
constant READOUT : std logic_vector(3 downto 0) := "1010";

constant READOUT_PARITY : std_logic_vector(3 downto 0) := "1011";

-- Ver 5 Added constant for two clock cycle delay in reading of GCFE data.
constant GCFE_READ DELAY : std logic_vector(3 downto 0) := "0001";
signal DATA BUFFERO : std logic_vector (5 downto 0);

signal DATA BUFFER1 : std _logic_vector (5 downto 0);

signal COUNTER : std _logic_vector(7 downto 0);--6 bit binary counter
signal RANGE_COUNT : std _logic_vector(l downto 0);

signal ADC_BIT_COUNT : std _logic_vector(4 downto 0);

signal CLK_COUNT : std_logic_vector(2 downto 0);

signal READOUT_TRANS_BEGIN : std logic; -- Transmission to TEM has started, place start
bit.

signal ADC_READ CLK : std _logic;
signal COUNTER_EN : std _logic;
signal COUNTER_RESET : std_logic;
signal READOUT_DONE > std_logic;
signal GCFE_CLK_ENV1 > std_logic;
signal GCFE_CLK_ENVZ2 : std _logic;
signal XOR_OUTO : std _logic;

signal LATCHED_XOR_OUTO : std_logic;

signal PARITY_OUTO > std_logic;
signal XOR_OUT1 : std _logic;
signal LATCHED_ XOR_OUT1 : std _logic;
signal PARITY_OUT1 : std _logic;
signal PARITY_RESET > std_logic;

signal LOG_ACCEPT_TRANS_BEGIN : std_logic;
signal RANGE_BIT_TRANS BEGIN : std_logic;

signal ADC_DATA TRANS BEGIN : std _logic;
signal LOG_ACCEPT_TRANS : std _logic;
signal RANGE_BIT_TRANS : std_logic;
signal ADC_DATA_TRANS > std_logic;

signal LATCHED_TRIGGER_MODE : std_logic; -- Register to remember if 4 range readout.
signal current _state, next_state : std logic_vector(3 downto 0);--States of FSM

begin

FSM_STATES: process (CURRENT_STATE, COUNTER, TRIGGER, LATCHED_ TRIGGER_MODE,
ADC_READ_BEGIN, READOUT_DONE, ADC_SAMPLE_DELAY_ REG, RANGE_DELAY_REG, RANGE_COUNT)is

begin

case CURRENT_STATE 1is

when IDLE => -— STATE O

GCFE_CLK _ENV1 <= "0°%;

START_ACQ <= 0" ;

ADC_SAMPLE <= "0" ;

COUNTER_EN <= "0" ;

COUNTER_RESET <= "1 ;

if ( TRIGGER = "1" ) then
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NEXT_STATE <= START BIT ;

else

NEXT_STATE <= IDLE ;

end if;

when START BIT =>

GCFE_CLK_ENV1
ADC_SAMPLE <=
COUNTER_EN <=
COUNTER_RESET
START_ACQ <=

NEXT_STATE <=

when PEAK_HOLD =>

START_ACQ <= "1% ;

GCFE_CLK_ENV1
ADC_SAMPLE <=
COUNTER_EN <=
COUNTER_RESET
NEXT_STATE <=

when HOLD_DELAY =>

<: Il. ;
HOLD_DELAY ;

START_ACQ <= 0" ;

GCFE_CLK_ENV1
ADC_SAMPLE <=

if ( COUNTER = RANGE_DELAY REG ) then

<= lol ;
-0- ;

NEXT STATE <= SEL_RANGE ;
COUNTER_EN <= ®0" :
COUNTER_RESET <= "1° ;

else

NEXT_STATE <= HOLD_DELAY ;
COUNTER_EN <= "1*" ;
COUNTER_RESET <= "0" ;

end if;

when SEL_RANGE =>
START _ACQ <= "0*

GCFE_CLK_ENV1
ADC_SAMPLE <=
COUNTER_EN <=
COUNTER_RESET
NEXT_STATE <=

=

<=
0"
-0-,
<= "1" :

LOG_ACCEPT BIT

when LOG_ACCEPT_BIT =>
START_ACQ <= "0~ ;

GCFE_CLK_ENV1
ADC_SAMPLE <=
COUNTER_EN <=
COUNTER_RESET
NEXT_STATE <=

-- Ver 5, changed 1 clock cycle delay to 2 clock cycle delay.
when LOG_BIT_DELAY =>

<= 17 -
0" -
0" -
<= "17 -

LOG_BIT_DELAY;

START_ACQ <= "0" ;

GCFE_CLK_ENV1
ADC_SAMPLE <=

if ( COUNTER = GCFE_READ_DELAY ) then
NEXT_STATE <= LOG_ACCEPT_READ;

<= -0- ;
-0- ;

COUNTER_EN <= "0" ;

-- STATE 1

<= 0" :

0" -

IOI ;

<= "1" :

"1t -

PEAK_HOLD ;

-- STATE 2

-- STATE 3

-- STATE 4

-— STATE 5

-- STATE 6
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COUNTER_RESET <=

else

"1t -

NEXT STATE <= LOG_BIT DELAY;

COUNTER_EN <= "1°*

COUNTER_RESET <= 0" ;
end if;
when LOG_ACCEPT READ => -— STATE 7

START_ACQ <= 0" ;

GCFE_CLK_ENV1 <= "0" ;

ADC_SAMPLE <= "0O°
COUNTER_EN <= "0O*

COUNTER_RESET <= *"1% ;
NEXT_STATE <= RANGE_DELAY ;

when RANGE_DELAY =>

START_ACQ <= "0 ;

-- STATE 8

GCFE_CLK_ENV1 <= "0" ;

ADC_SAMPLE <= "O*

if ( COUNTER = ADC_SAMPLE_DELAY_REG ) then
NEXT_STATE <= CONVERSION :

COUNTER_EN <= "0O*

COUNTER_RESET <=

else

"1t -

NEXT_STATE <= RANGE_DELAY ;

COUNTER_EN <= "1*

COUNTER_RESET <=

end if;

when CONVERSION =>
START_ACQ <= "0~ ;

0" -

-- STATE 9

GCFE_CLK_ENV1 <= "0" ;

COUNTER_EN <= "0"

COUNTER_RESET <= "1" ;
if ( ADC_READ BEGIN = "1") then
NEXT_STATE <= READOUT ;

ADC_SAMPLE <= "O*

else

NEXT_STATE <= CONVERSION ;

ADC_SAMPLE <= "1°

end if;

when READOUT =>
START_ACQ <= 0" ;
ADC_SAMPLE <= "O-
COUNTER_EN <= "OF
COUNTER_RESET <= *
GCFE_CLK ENV1 <= *©
if ( READOUT_DONE

I O R

-- STATE 10

:1') then

NEXT_STATE <= READOUT_PARITY ;

else

NEXT_STATE <= READOUT;

end if;

when READOUT_PARITY

START_ACQ <= "0" ;
ADC_SAMPLE <= "0"
COUNTER_EN <= "0"

=> -- STATE 11
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COUNTER_RESET <= "1" ;
GCFE_CLK_ENV1 <= "0";

iT (LATCHED_TRIGGER_MODE = "0") then -- 1 RANGE READOUT.
NEXT_STATE <= IDLE ;

elsit (RANGE_COUNT = "11'") then -- RANGE COUNT INCREMENTED NEXT CLOCK EDGE.

NEXT_STATE <= IDLE ; -- COMPLETED 4 RANGE READOUT
else

NEXT_STATE <= CONVERSION ; -- NOT COMPLETED 4 RANGE REDOUT
end if;

when others =>
START_ACQ <= "0";
GCFE_CLK ENV1 <= "07;
ADC_SAMPLE <= "07;
NEXT_STATE <= IDLE;
COUNTER_EN <= "0";
COUNTER_RESET <= "1°7;

end case;
end process;

FSM_CHANGE: process (NRESET, CLK)is
begin
if ( NRESET = "0") then
CURRENT_STATE <= IDLE;
elsif(CLK"EVENT and CLK = "1%)then
CURRENT_STATE <= NEXT_STATE ;
end if;
end process;

IN_READOUT: process (NRESET, CURRENT_STATE ) is
begin
if ( NRESET = "0" ) then
GCRC_IN_READOUT <= "07;
elsit ( CURRENT_STATE = IDLE ) then
GCRC_IN_READOUT <= "0";
else
GCRC_IN_READOUT <= "1°7;
end if;
end process;

LATCHED_TRIG_MODE: process (NRESET, CLK) is
begin
if( NRESET = "0") then
LATCHED_TRIGGER_MODE <= "0";
elsift( CLK*EVENT and CLK = "1%) then
iT ( CURRENT_STATE = IDLE and TRIGGER = "1%) then
LATCHED_ TRIGGER_MODE <= TRIGGER_MODE ;
else
LATCHED_TRIGGER_MODE <= LATCHED_ TRIGGER_MODE;
end if;
end if;
end process;

RANGE_COUNTER: process (NRESET, CLK)
begin
iT (NRESET = "0") then
RANGE_COUNT <= (others => "0%);
elsit ( CLK"EVENT and CLK = ®"1%) then
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if ( CURRENT_STATE = IDLE ) then
RANGE_COUNT <= (others => "0%);
elsit ( CURRENT_STATE = READOUT_PARITY) then
RANGE_COUNT <= RANGE_COUNT + 1 ;
end if;
end if;
end process;

-- Request Reset line to gcfe is asserted low for readout.
- Reset_envelope signal goes through gcrc_gcfe module, where it is sampled
- by the system clock. Assert Reset High to GCFE during readout after
-— completing last range bit reads.
GCFE_RESET_ENVELOPE: process (NRESET, CURRENT_STATE, NEXT_STATE, ADC_DATA_ TRANS,
LATCHED_ TRIGGER_MODE, RANGE_COUNT )
begin
if (NRESET = "0") then
GCFE_RESET_ENV <= "1*";
elsif ( (CURRENT_STATE = IDLE and NEXT_STATE = IDLE) or
-—- End of GCFE read for single range readout.
( ADC_DATA_TRANS = "1" and LATCHED_TRIGGER_MODE
-—- End of GCFE read for 4 range readout.
( ADC_DATA_TRANS = "1" and LATCHED_TRIGGER_MODE

"0") or

1" and RANGE_COUNT = "11'")

)then
GCFE_RESET _ENV <= "17";
else
GCFE_RESET_ENV <= "07;
end if;

end process;

TIME_COUNTER: process (NRESET, CLK)
begin
iT (NRESET = "0")then
COUNTER <= (others => "0%);
elsif(CLK"EVENT and CLK = "1%)then
iT (COUNTER_RESET = "1%) then
COUNTER <= (others => "0%) ;
elsift ( COUNTER_EN = "1" ) then
COUNTER <= COUNTER + 1 ;
else
COUNTER <= COUNTER;
end if;
end if;
end process;

-— The MAX145 ADC uses the ADC CLK transition to First sample the analog signal
-— then shift out the data bits.
ADC_CLOCK: process (CURRENT_STATE, ADC_SAMPLE_CLK, ADC_READ_CLK)is
begin
iT (CURRENT_STATE = READOUT) then
ADC_CLK <= ADC_READ_CLK;
else
ADC_CLK <= ADC_SAMPLE_CLK;
end if;
end process;

-— The GCFE Clock Envelope is passed to the GCRC GCFE Module to
-- select a DAQ_CLK transition to the GCFE chips.
GCFE_CLOCK_ENV: process (GCFE_CLK_ENV1, GCFE_CLK_ENV2)is
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begin
if (GCFE_CLK _ENV1 = "1 or GCFE_CLK_ENV2 = "1%) then
GCFE_CLK ENV <= "1°%;
else
GCFE_CLK_ENV <= "0-";
end if;
end process;

-- Process of forming the serial readout data to the TEM.
ADC_READOUT: process (NRESET, CLK)is
begin
if (NRESET = "0") then
ADC_BIT_COUNT <= (others => "0%);
CLK_COUNT <= (others => "0");
ADC_READ_DONE <= "07;
READOUT_DONE <= "0~;
ADC_READ_CLK <= "0%;
GCFE_CLK_ENV2 <= "0°%;
READOUT_TRANS BEGIN <= "0";
LOG_ACCEPT_TRANS_BEGIN <= "0°%;
RANGE_BIT_TRANS_BEGIN <= "0%;
ADC_DATA_TRANS BEGIN <= "0";
elsit (CLK"EVENT and CLK="1") then
iT (CURRENT_STATE = READOUT) then
-- adc uses internal conversion clock, applied ADC clock clocks out data bits.
-- MAXIM MAX145 ADC readout clock rate is 5 mhz.
-- Interleave ADC clocking with shifting data bits out.
it ( ADC_BIT_COUNT /= "10001" ) then
case CLK COUNT is

when 000" =>
ADC_BIT _COUNT <= ADC _BIT _COUNT;
GCFE_CLK _ENV2 <= "0%;
READOUT _DONE <= "0F;
ADC_READ DONE <= *0%;
READOUT_TRANS BEGIN <= "07;
LOG_ACCEPT_TRANS BEGIN <= "0";
RANGE_BIT_TRANS BEGIN <= "0°";
ADC_DATA_TRANS BEGIN <= "0%;
if (ADC_BIT_COUNT = "00000'") then
ADC_READ CLK <= "0" ;
else
ADC_READ CLK <= "1°%;
end if;

when 001" =>

ADC_BIT _COUNT <= ADC_BIT_COUNT ;
ADC_READ CLK <= *0" ;

READOUT _DONE <= "0F;

ADC_READ DONE <= "0%;

READOUT_TRANS BEGIN <= "0";

LOG_ACCEPT_TRANS_BEGIN <= "0";

RANGE_BIT_TRANS BEGIN <= "0";

ADC_DATA_TRANS BEGIN <= "0%;

if ( RANGE_COUNT = "00" and ADC_BIT_COUNT = "0010"™ ) then

GCFE_CLK _ENV2 <= "1%"; -- Clock GCFE range bit 1
elsit ( ADC_BIT_COUNT = '0011') then
GCFE_CLK_ENV2 <= "1"; -- Clock GCFE range bit O

elsif ( (ADC_BIT_COUNT = '"01000" or ADC_BIT_COUNT = "1001') and
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( RANGE_COUNT <= "10") and (LATCHED_TRIGGER_MODE = "1%) ) then

GCFE_CLK_ENV2 <= ®*1%; -- SWITCH GCFE ANALOG MUX AND
else -— GET RANGE BIT 1 if 4 range readout.
GCFE_CLK_ENV2 <= "0";
end if;

when ""010" =>

ADC_BIT_COUNT <= ADC_BIT_COUNT ;
ADC_READ CLK <= "0" ;
GCFE_CLK_ENV2 <= "0";

READOUT _DONE <= "0";
ADC_READ_DONE <= "0";

READOUT TRANS_BEGIN <= "0";
LOG_ACCEPT_TRANS_BEGIN <= "0";
RANGE_BIT_TRANS_BEGIN <= "0";
ADC_DATA_TRANS_BEGIN <= "0";

when ""011" =>

ADC _BIT_COUNT <= ADC BIT_COUNT ;
ADC_READ CLK <= "0" ;

GCFE_CLK _ENV2 <= *0~;

READOUT _DONE <= "0F;

ADC_READ DONE <= "0°%;
READOUT_TRANS_BEGIN <= "0%;
LOG_ACCEPT_TRANS_BEGIN <= "0";
RANGE_BIT_TRANS BEGIN <= "0";
ADC_DATA_TRANS BEGIN <= "0%;

when 100" =>
ADC_BIT_COUNT <= ADC_BIT_COUNT;
ADC_READ CLK <= "1%;
GCFE_CLK ENV2 <= "07;
READOUT _DONE <= "07;
ADC_READ_DONE <= "0";
READOUT_TRANS BEGIN <= "0%;
case ADC BIT_COUNT 1is
when *'00001" =>
it ( RANGE_COUNT = "00" ) then
LOG_ACCEPT_TRANS BEGIN <= "1°7;
else
LOG_ACCEPT_TRANS BEGIN <= "0";
end if;
RANGE_BIT_TRANS BEGIN <= "0%;
ADC_DATA_TRANS_BEGIN <= *0";

when "00010" =>
LOG_ACCEPT_TRANS_BEGIN <= "0";
RANGE_BIT_TRANS BEGIN <= "1";
ADC_DATA_TRANS_BEGIN <= "0";

when "00100" =>
LOG_ACCEPT_TRANS_BEGIN <= "0";
RANGE_BIT_TRANS BEGIN <= "0";
ADC_DATA_TRANS_BEGIN <= "1°;

when others =>
LOG_ACCEPT_TRANS_BEGIN <= "0";
RANGE_BIT_TRANS BEGIN <= "0";
ADC_DATA_TRANS BEGIN <= "0%;
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end case; -- End case ADC bit count.

when ""101" =>
ADC_BIT _COUNT <= ADC BIT COUNT + 1 ;
ADC_READ CLK <= "1° ;
GCFE_CLK _ENV2 <= "0%;
LOG_ACCEPT_TRANS BEGIN <= "0";
RANGE_BIT_TRANS BEGIN <= "0";
ADC_DATA_TRANS BEGIN <= "0";
case ADC BIT_COUNT 1is
when *00001" =>
if ( RANGE_COUNT = "00" ) then
READOUT_TRANS BEGIN <= "1°7;
else
READOUT_TRANS BEGIN <= "0%;
end if;
READOUT _DONE <= "0";
ADC_READ DONE <= "07;

when *00010" =>
if ( RANGE_COUNT = 00" ) then
READOUT_TRANS BEGIN <= "07;
else
READOUT_TRANS BEGIN <= "1*;
end if;
READOUT _DONE <= "0F;
ADC_READ DONE <= "07;

when '10000" =>
READOUT_TRANS_BEGIN <= "0";
READOUT _DONE <= "1°;
ADC_READ_DONE <= "1°;

when others =>
READOUT_TRANS BEGIN <= "0";
READOUT _DONE <= "0";
ADC_READ DONE <= "07;
end case; -- End case ADC bit count.

when others =>-- Others Clk Count.
READOUT_TRANS BEGIN <= "0";
ADC_BIT_COUNT <= ADC BIT_COUNT ;
ADC_READ CLK <= "0" ;
GCFE_CLK_ENV2 <= "0";
READOUT _DONE <= "0";
ADC_READ DONE <= "07;
LOG_ACCEPT_TRANS BEGIN <= "0%;
RANGE_BIT_TRANS BEGIN <= "0%;
ADC_DATA_TRANS_BEGIN <= *0~;
end case;

ifT (CLK_COUNT = "101') then
CLK_COUNT <= "000" ;
else
CLK_COUNT <= CLK COUNT + 1 ;
end if;

else -- Else if ADC_BIT_COUNT = '10001".
READOUT_TRANS_BEGIN <= *0%;
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ADC_READ_DONE <= "1°7;
READOUT_DONE <= "1%;
GCFE_CLK_ENV2 <= "0°%;
ADC_READ CLK <= "0";
LOG_ACCEPT_TRANS BEGIN <= "0%;
RANGE_BIT_TRANS_BEGIN <= "0";
ADC_DATA_TRANS_BEGIN <= "0%;
ADC_BIT_COUNT <= (others => "0%);
CLK_COUNT <= (others => "0%);

end if;

else -- Current state not readout.
ADC_BIT_COUNT <= (others => "0%);
CLK_COUNT <= (others => "0");
READOUT_TRANS BEGIN <= "0";
ADC_READ DONE <= "07;
ADC_READ CLK <= "0";
READOUT _DONE <= "0";
LOG_ACCEPT_TRANS BEGIN <= "0%;
RANGE_BIT_TRANS BEGIN <= "0%;
ADC_DATA_TRANS BEGIN <= "0";

end if; -- End if CURRENT_STATE = READOUT.
end if; --End else if clk"event.

end process; -- Process BIT_READOUT.

19

Data Buffer which serializes the GCFE data and ADC data. Data is first
loaded in parallel, then shifted out to form serial data stream.
DATA_BUF: process( NRESET, CURRENT_STATE, CLK)
begin

if ( NRESET = "0" ) then
DATA BUFFERO <= (others => "0%);
DATA BUFFER1 <= (others => "0%);
elsif ( CLK"event and CLK = "1%) then
iT ( CURRENT_STATE = IDLE ) then
DATA BUFFERO <= (others => "0%);
DATA BUFFER1 <= (others => "0%);
-— Read into buffer log accept bit or range bits.
elsif ( ( RANGE_BIT_TRANS = "1" and CLK_COUNT = '"000") or
(CURRENT_STATE = LOG_ACCEPT_READ ) ) then
DATA_BUFFERO(5 downto 0) <= GCFE_SAMPLED_DATA(5 downto

0);

DATA_BUFFER1(5 downto 0) <= GCFE_SAMPLED_DATA(11 downto 6);

-- Read into buffer ADC bits.

elsift ( ADC_DATA TRANS = "1" and CLK_COUNT = *000" ) then
DATA_ BUFFERO(5 downto 0) <= ADC_DATA(5 downto 0);
DATA BUFFER1(5 downto 0) <= ADC_DATA(11l downto 6);

-- Shift Buffer Data Bits.

elsift ( (LOG_ACCEPT_TRANS = "1" or RANGE BIT _TRANS = "1°

and CLK_COUNT /= '000') then
DATA BUFFERO(4 downto 0) <= DATA BUFFERO(5 downto 1)
DATA BUFFER1(5 downto 1) <= DATA BUFFER1(4 downto 0)
DATA BUFFERO(5) <= "0";
DATA BUFFER1(0) <= "0";
else
DATA_ BUFFERO(5 downto 0) <= DATA_BUFFERO(5 downto 0) ;
DATA BUFFER1(5 downto 0) <= DATA BUFFER1(5 downto 0) ;
end if;

or ADC_DATA_TRANS =



LAT-DS-03519-50 Calorimeter Readout Control ASIC — VHDL Code

Page 71 of 80

end if;
end process;

READOUT_DATA TRANS: process( NRESET, CLK)
begin
if ( NRESET = "0") then
LOG_ACCEPT_TRANS <= "0";
RANGE_BIT_TRANS <= "0";
ADC_DATA_TRANS <= "0%;
elsif ( CLK"event and CLK = "1%) then
if ( CURRENT_STATE /= READOUT ) then
LOG_ACCEPT_TRANS <= "0";
RANGE_BIT_TRANS <= "0";
ADC_DATA_TRANS <= "0%;
elsift ( LOG_ACCEPT_TRANS_BEGIN = "1" ) then
LOG_ACCEPT_TRANS <= "1*";
RANGE_BIT_TRANS <= "0";
ADC_DATA_TRANS <= "0%;
elsit ( RANGE _BIT_TRANS BEGIN = "1" ) then
LOG_ACCEPT_TRANS <= "0";
RANGE_BIT_TRANS <= "1°";
ADC_DATA_TRANS <= "0%;
elsit ( ADC_DATA TRANS BEGIN = "1 ) then
LOG_ACCEPT_TRANS <= "0";
RANGE_BIT_TRANS <= "0";
ADC_DATA_TRANS <= "1°%;
else
LOG_ACCEPT_TRANS <= LOG_ACCEPT_TRANS;
RANGE_BIT_TRANS <= RANGE_BIT_TRANS;
ADC_DATA_TRANS <= ADC_DATA TRANS;
end if;
end if;
end process;

-— Output start bit, range readout data, or overall parity bit.

DATA _OUT: process( NRESET, CLK)
begin
iT ( NRESET = "0") then
RANGE_DATA_OUTO <= "0";
RANGE_DATA_OUT1 <= "0";
elsit ( CLK"EVENT and CLK = "1%) then
case CURRENT_STATE 1is
when READOUT =>
iT ( READOUT_TRANS_BEGIN = *1% ) then
RANGE_DATA_OUTO <= "1° —-- START BIT.
RANGE_DATA_OUT1 <= "1° —-- START BIT.
elsit ( LOG_ACCEPT_TRANS= "1" or RANGE_BIT_TRANS=

then
RANGE_DATA OUTO <= DATA_BUFFERO(0) ; -- BUFFERO
RANGE_DATA OUT1 <= DATA BUFFER1(5) ; -- BUFFER1
else
RANGE_DATA OUTO <= "0";
RANGE_DATA OUT1 <= *0";
end if;

when READOUT_PARITY =>
RANGE_DATA_OUTO <= PARITY_OUTO
RANGE_DATA_OUT1 <= PARITY_OUT1

*1" or ADC_DATA TRANS= "1" )

SHIFTED RIGHT.
SHIFTED LEFT.
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when others =>
RANGE_DATA OUTO <= "0-;
RANGE_DATA OUT1 <= "0";
end case;
end if;
end process;

-- Reset parity computation .
PAR_RESET: process( NRESET, CLK)
begin
if ( NRESET = "0") then
PARITY_RESET <= "1%;
elsit ( CLK"EVENT and CLK = 1" ) then
ifT ( CURRENT_STATE = IDLE or READOUT_TRANS_ BEGIN = "1%) then
PARITY_RESET <= "1%;
else
PARITY_RESET <= "0~;
end if;
end if;
end process;

-— Data stream 0 parity . invert parity_out if odd parity (config parity = 0).
PAR_OUTO: process( NRESET, CLK, XOR_OUTO, CONFIG_PARITY, LATCHED_XOR_OUTO,
RANGE_DATA_OUTO,
PARITY_RESET )
begin
XOR_OUTO <= (RANGE_DATA_OUTO xor LATCHED_XOR_OUTO) and (not PARITY_RESET) ;
PARITY_OUTO <= XOR_OUTO xnor CONFIG_PARITY;
iT (NRESET = "0") then
LATCHED_XOR_OUTO <= "0-";
elsif ( CLK"EVENT and CLK = "1%) then
iT( PARITY_RESET = "1%) then
LATCHED_XOR_OUTO <= "0" ;
else
LATCHED_XOR_OUTO <= XOR_OUTO ;
end if;
end if;
end process;

-— Data stream 1 parity. invert parity out if odd parity (config parity = 0).
PAR_OUT1: process( NRESET, CLK, XOR_OUT1, CONFIG_PARITY, LATCHED_XOR_OUT1,
RANGE_DATA O0OUT1,
PARITY_RESET )
begin
XOR_OUT1 <= (RANGE_DATA OUT1 xor LATCHED XOR_OUT1) and (not PARITY_RESET) ;
PARITY_OUT1 <= XOR_OUT1l xnor CONFIG_PARITY;
if ( NRESET = "0") then
LATCHED_XOR_OUT1 <= "0";
elsif ( CLK"EVENT and CLK = "1%) then
iT( PARITY_RESET = "1") then
LATCHED_XOR_OUT1 <= "0°" ;
else
LATCHED_XOR_OUT1 <= XOR_OUT1 ;
end if;
end if;
end process;
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end GCRC_READOUT;
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59 GCRC_TRIG.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_TRIG.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab

--Revision: 1.0 (11-12-01)

- First version.

- 2.0 Rev A (1-14-02) Change GCRC_TRANS to being utilized.

-— Also removed negative clk edge trigger detect flip flops.

-— 2.0 Rev B (1-16-02) Modified trigger inhibit logic that removes the inhibit
- only after the incoming LE and HE triggers have been at the state of

- not triggered for a period of ~15 clocks. This replaced a counter which
- previously determined when to remove the trigger inhibit.

-— 3.0 (2-20-02) Changed LE and HE trigger input signal names to indicate

-— asserted low signals. Modify the trigger inhibit not to ignore triggers
- when Calib_Strobe is asserted high and have not entered Readout.

- 5.0 (10-7-02) Removed trigger pulse stretching and inhibiting.

- 5.1 No Change.

-— 5.2 No Change.

- 5.3 No change.

-—-Function: Accepts wired "OR"ed triggers from the GCFEs and transmits trigger requests
(TREQs) to the TEM.

Library ieee;
use ieee.std_logic_1164._all;
use leee.std _logic_unsigned.all;

entity GCRC_TRIG 1is

port (

NRESET : in std_logic; --Chipwide RESET, asserted low

CLK : in std_logic; --20 MHz System Clock

LE NDISC > In STD_LOGIC; -- Wired "OR" low energy trigger from GCFEs,
asserted low.

HE_NDISC : In STD_LOGIC; -- Wired "OR" high energy trigger from GCFEs,

asserted low.
CAL_NTREQLE
CAL_NTREQHE

buffer STD_LOGIC; -- Low energy trigger request to the TEM.
buffer STD_LOGIC -- High energy trigger request to the TEM.

end GCRC_TRIG;
architecture GCRC_TRIG of GCRC_TRIG is

signal HE_TRIG : std_logic;
signal LE_TRIG : std_logic;

begin
-— Clock sampled trigger line.
TRIG_DET: process (NRESET, CLK)
begin
if (NRESET = "0")then
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HE TRIG <= "1°;
LE_TRIG <= "1°%;
elsif(CLK"event and CLK = "1%)then
HE_TRIG <= HE_NDISC;
LE_TRIG <= LE_NDISC;
end if;
end process;

-— Double clock sampling to reduce metastability.
TRIG_REQUEST: process (NRESET, CLK)
begin
if (NRESET = "0")then
CAL_NTREQLE <= "1-7;
CAL_NTREQHE <= "1-7;
elsif(CLK"event and CLK = "1")then
CAL NTREQLE <= LE_TRIG;
CAL _NTREQHE <= HE_TRIG;
end if;
end process;

end GCRC_TRIG;
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5.10 GCRC_TEM.VHD

--Project name: GLAST GCRC

-—-Filename: GCRC_TEM.vhd

--Created by Jim Ampe / Michael Condon, Naval Research Lab

--Revision: 1.0 (11-12-01)

- First version
5.0 (9-10-02) Added hard reset deglitch circuit and commanded reset function.
5.1 No Change.

- 5.2 No Change.
5.3 No Change.

-—-Function: Handles inversion of data signals to and from the TEM. Also switches
readout
-— data line depending on Right First signal. Performs Reset signal deglitching.

library I1EEE;

use leee.std logic_1164._all;

use ieee.std_logic_unsigned.all;

entity GCRC_TEM is

port (

GCRC_DATA_OUTO : in std_logic; -- Command reply data from GCRC_CENTRAL module.
GCRC_DATA _OUT1: in std_logic; -- Command reply data from GCRC_CENTRAL module.
RANGE_DATA OUTO : in std_logic; -- Range readout data from GCRC_READOUT module.
RANGE_DATA_OUT1 : in std_logic; -- Range readout data from GCRC_READOUT module.

CAL_NCMD : In std _logic; -- Command line to TEM.

CAL_CLK : in std_logic; -- System clock from TEM

CAL_NRESET : in std _logic; -- System reset from TEM, asserted low.
RIGHT_FIRST : in std_logic; -- Readout left-right switch control.
RESET_CMD : in std _logic; -- Commanded reset from TEM.

CAL_NDATAO : buffer std_logic; -- Output data line to TEM

CAL_NDATA1 : buffer std_logic; -- Output data line to TEM

TEM_CMD > buffer std_logic; -- TEM command to GCRC_CENTRAL module.
CLK buffer std_logic; -- Feedthrough clock.

NRESET buffer std logic -- System reset.

end GCRC. TEM;
architecture GCRC_TEM of GCRC_TEM is

signal RESET_SR

signal RESET_TIMER
signal HARD_RESET
signal TIMED_RESET

std_logic _vector( 3 downto 0);
std_logic_vector( 3 downto 0);
std_logic;
std_logic;

begin

TEM_CMD <= not CAL_NCMD;
CAL_NDATAO <= not (GCRC_DATA_OUTO or ((not RIGHT_FIRST) and RANGE_DATA_OUTO) or
(RIGHT_FIRST and RANGE_DATA_0OUT1) );
CAL_NDATA1 <= not (GCRC_DATA OUT1 or ((not RIGHT_FIRST) and RANGE_DATA_ OUT1l) or
(RIGHT_FIRST and RANGE_DATA_OUTO) );
CLK <= CAL_CLK;
-- NRESET <= CAL_NRESET; -- Took out direct hard reset for Ver 5.
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-— Ver 5 added, Added hard reset deglitching circuit, similar to used in GLAST
Tracker chip.
-— Asserts chip reset on edge transition of TEM Reset signal.
hard_reset_detect: process (CLK)
begin
if(CLK"event and CLK = "1%) then
RESET_SR(0) <= CAL_NRESET;
RESET_SR(3 downto 1) <= RESET _SR(2 downto 0);

if ( RESET_SR = "1000'") then -- Reset Detect
HARD RESET <= "1°%;
else
HARD RESET <= "0°%;
end if;
end if;

end process;

-— Ver 5 added, Make sure no circuit glitching initiates timed _reset.
timed_rset: process(CLK)
begin
if(CLK"event and CLK = "1%) then
if ( RESET_CMD = "1" or HARD RESET = "1" ) then
TIMED_RESET <= "1°%;
elsift ( RESET_TIMER = "1111') then
TIMED_RESET <= "0°%;
else
TIMED RESET <= TIMED_RESET;
end if;
end if;
end process;

-- Ver 5 added, Timer counts up when enabled, count wraps around to zero and stops.
nreset_timer: process (HARD RESET,CLK)
begin
iT( HARD_RESET = "1" ) then
RESET_TIMER <= (others => "0%);
elsif(CLK"event and CLK = "1") then
it ( RESET_TIMER /= '0000" or TIMED_RESET = ®"1° ) then
RESET_TIMER <= RESET_TIMER + 1;
else
RESET TIMER <= RESET_TIMER;
end if;
end if;
end process;

-- Ver 5 added.
reset: process (TIMED_RESET)
begin
if ( TIMED_RESET = "1" ) then
NRESET <= "07;
else
NRESET <= "1°%;
end if;
end process;

end GCRC_TEM;
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6 GCRC VHDL Revision Notes

GCRC Verl RevA Changes (11-14-01):

1) Association of TEM command address bits was incorrect. Last version had GCRC
decoding TEM command address bits as first the GCFE address, followed by GCFE command
bit, followed by GCRC address. This version correctly follows the GCRC document which
is first 4 bits of GCRC address, followed by the GCFE command bit, followed by 4 bits
of GCFE address.

GCRC Verl RevB Changes (11-14-01):
1) Readout mode was not putting out ADC LSB. GCRC_READOUT module not puts out all 12
ADC bits and adds parity.

2) Readout module had two signal in port list that were unused by other modules. The
signals were removed from the port list and the GCRC_Chip file was also updated.

GCRC Verl RevC Changes (11-19-01):
1) Incorporated register readout into GCRC_Central to reduce flip flops.

2) Ignore TEM trigger if trigger parity is iIncorrect.

3) Corrected Status Error Bit to TEM being cleared in ldle state, not after
transmission of bit to TEM.

4) Not look for TEM data for a Calib command.
5) Fixed problems in forwarding GCFE returned data.

6) Fixed glitches on GCFE Reset line.

GCRC Verl RevD Changes (11-29-01):
1) Use upper data word "A5" as a key for changing Parity in configuration register.

2) Modified chip signal names to be more consistant with GCFE signal naming.

GCRC Ver 2 Changes (1-2-02):
1) Correct problem of GCRC responding to TEM read command to a different address.

2) Add a bit to GCRC status register for invalid TEM read or write command.
3) Add another redundant bit to the GCRC configuration register for parity control.
4) Add code to enable GCRC time delay registers to be implemented with SEU registers.

The SEU registers are clocked only during load, and have no asynchronous reset.

GCRC Ver 2 RevA Changes (1-15-02):
1) Rename global active low RESET to NRESET.

2) Remove negative clock edge flip-flops from GCRC_TRIG module.
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3) Correct typo in module GCRC_TRIG so signal GCRC_TRANS gets utilized.

GCRC Ver 2 RevB Changes (1-16-02):
1) Removed unused signals.

2) Changed trigger inhibit logic to re-enable triggers after ~15 clocks of no LE or HE
trigger inputs.

3) Added saving TEM command to Err Register for GCFE reply timeouts.

GCRC Ver 3 Changes (2-20-02)
1) Renamed Trigger inputs from GCFEs to HE _NDISC and LE _NDISC, correctly indicating low
assertion.

2) Corrected 1 bit shift in data word write to GCFEs.
3) Read Log Accept Bit after GCFEs output the bit.

4) End toggling of CMD and GRESET signals to GCFEs as quickly as possible during
readout to maximize settling time caused by those signals transitioning.

GCRC Ver 4 Changes (3-25-02)
1) Removed 3.2 usec delay prior to Calib Assertion.

2) Clock in GCFE data prior to multiplexer selection.

3) Rename CMOS level signals to core, adding " _C" to signal suffix. These are Address
inputs, ADC control signals, ADC data inputs, DAC control signals, DAC data input.

GCRC Ver 4 RevA Changes (3-29-02)
1) Fixed problem of GCRC_GCFE module not looking at Correct Addr for TEM commanded GCFE
read and writes.

GCRC Ver 5 Changes (11-14-02)
1) Changed Read/Write address bit to 2 bit addressing. Function codes remain the same.

2) Added TEM reset command functionality. TEM signal line reset occurs on transition
from high to low. Chip cannot be put in continous reset.

3) Data readback timing from GCFE changed to allow maximum 1.5 clock cycle round-trip
propagation delay.

4) Removed stretching and inhibiting of trigger requests to TEM.

5) Added hard-wired GCRC version, readable at upper 8 MSBs of GCRC configuration
register.

6) Changed definition of Command error register to have leading MSB bit indicate
whether error register bits start at TEM trigger command (MSB="0") or TEM command
address bits (MSB="1").
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GCRC Ver 5.3 Changes (12-16-02)

1) Changed GCFE Read/Write so that GCFE register data is read back at half the system
clock rate. This allows two system clock cycles for each GCFE data bit to be read in by
the GCRC, with no minimum operating frequency requirement of the system clock. GCFE
data is still written at the full system clock rate.
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