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Fr om DAC Bl ock Qutputs : VP1
- WE124. 2U
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NRST[ 9: 0] CoB8 NX4003 NX4003
_NOTDC an_ HESTT COB7 NX3979 NX3979
OL0P NX265 NX265
ﬁbo Ut ST ! QOF USE FRST RNG USE_FRST_RNG
OOM Nxs898 00000000 NX3898 .
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RNG| 6: 0] RNG _ULD DA(C 6: 0]
C1R2 HE TRG _ENA
C1RL L E TRG_ENA
C1RO L OG_ACPT_ENA
COR[ 2: 0] Lt E GN_SEL[ 2: 0]
COR[ 6: 3] HE GN _SEL[ 3: O]
C1R5 CALI B HE EN
C1R4 CALI B LE EN
C1R3 CALI B GAI N
HOLD
LOG ACPT _LLD
STANFORD LI NEAR ACCELERATOR CENTER SHEET
U. S. DEPARTMENT OF ENERGY
PROPRI ETARY DATA CF STANFGRD UN VERSI TV AN OR U S, CEPARTIENT GF di gi t al

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS

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

DATE APPROVALS

ENGR

D. Freytag 04/ 06/ 04

4-5-2004_16: 45

ENGR

G Haller 04/ 06/ 04

DF
CHKR

D. Freytag 04/ 06/ 04

M Freytag 04/ 06/ 04

LAT- DS- 03518- 50




ENGR
REV DESCRI PTI ON

o sweh .. swch sw ch
V| U5 U5 |
D1 D2
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M=1 M=1 M=1 o MEL o MEL M=1 M=1 M=1
AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P
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2 Aao L AvpD
21K 4K |
| BIAS |
_____________________________ | rcvrfe
'AVDD EAG\ID i | Bl AS
-------------- \ J K
POSTAVP X64 | L3 P 7 S
e | B 2> > RNG_ULD1
AGD I AVDD
IBIAS .
rcvrfe
\\\ L5 M L6 N
WD S D 2o RNG UL DO
________________ I Y R R B
AGND | POSTAMP_X512 i o
o IBIAS
‘ rcvrfe
14K
N P Q
TP L7 AL an L8 .~
V LOG ACPT - LB 2> 2> LOG ACPT LLD
AGD | AVED
"""""""" Change c.f. GCFES:
Cl=663FF -> Cl1=2. 337PF
Added R7 = 2 K
S ) . . G.3 CPR
AVDD | | 1
A‘VDD M3l MP32 IT' 2. 337PF
|
V_REF_IN I P T
POST AI\/P_X]. POSTAMP_X1 S I\/I_=3. s 1K
:'IS('%T"AMS")'('é""""""'"": POSTAMP_X8 X ﬁ?;ig ji?;jﬁ . Oi—caSCOde
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E'F')'('%'-I'—A'I\'/'F'{ B ')'('é '4 """"""""" i POSTAVP_X64 PD=8U PD=8U ' LB AAAN
posTAv G12 s A LS AT
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NX7 9 2 ) o NX4003 _ >~ o IhX4e1d Nor<>c X488 S X o
7 iplylyiuiod
Xz Nx590__ ! B }—
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| . NOT
AR2 A o NX644 B E I— £ )OUT A aut
NX3 9 1 7 y — Cle;;szz Nae24 [T B ) - o A @}0 out g | 1x425 -
- )c NOR2 NOT NAND2
A NAND3 Al 0 0T A
CITRL_OREGL1 : )L> o - : @gL
---------------------------------------- D| A aut S D
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CHKR M Freytag 04/ 06/ 04

LAT- DS- 03518- 50



NRST[ 9: O]

Rl GHT _FI RST
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| . . Di[15:0] LRNG 15: 0]
ADO AD{ 0: 4] o el NX4781 e e casso | [ — 1 | e ool NX4071
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DB[ 8: 5] . :L-Dg-.: oD o1 15: 0] FHE[ 15 : O]
DO 15: 0] I SR[ 15 O] [15: 0]
K | SR \X4785 [15: 0] .---nDI (2.0 D;;[llf:;]
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. | X1780 DFFG buf 4 s moms
COR[ 15. 7] o — K X1782QB A . )X1186 T o6 ]
. Ve aR B @ﬂ NX1104 c b
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I\ out NX1759 |p Q 3 NX275 AOR3
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C1R4 COB11 o] S I —— m |
I S (R K DR ! B ) our YT
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25 1X1750 DREG s, buf 4 4C,L)c
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STANFORD LI NEAR ACCELERATOR CENTER
U. S. DEPARTMENT OF ENERGY

STANFORD UNI VERSI TY STANFORD, CALI FORNI A

SHEET

PROPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT OF
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS

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

reg bl k

il e 4-6-2004 12:04
ENR D. Freytag 04/ 06/ 04 -
ENR G Haller 04/ 06/ 04
DFTR D. Freytag 04/ 06/ 04
CHKR M Freytag 04/ 06/ 04 LAT DS O 3 5 1 8 5 O



REF

VN1

WEL. 5U

L=. 6U
AS=3P
AD=3P
PS=7U
PD=7U

DB

VP2

W£3U
L=. 6U

AS=7P
AD=7P
PS=12U
PD=12U

VP3

W=3U
L=. 6U

AS=7P
AD=7P
PS=12U
PD=12U

REV

DESCRI PTI ON

DFTR

DATE

STANFORD LI NEAR ACCELERATOR CENTER
U. S. DEPARTMENT OF ENERGY

STANFORD UNI VERSI TY STANFORD, CALI FORNI A

SHEET

PROPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT OF

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS
GRANTED SPECI FI C PERM SSI ON OF STANFORD UNI VERSI TY.

DATE

swt ch

APPROVALS
ENGR D. Freytag 04/ 06/ 04
ENGR
G Haller 04/ 06/ 04 4_ 16' 2003 16 58
DFTR D. Freytag 04/ 06/ 04 -
CHKR M Freytag 04/ 06/ 04

LAT- DS- 03518- 50



REV DESCRI PTI ON

DFTR

DATE

0—‘ [ 0—‘ 0—‘ 0—‘ [

MP1 MP3 MP5 MP7 MP9 MPB MPD MPF
WET7. 5U WE7. 5U WE7. 5U WE7. 5U WE7. 5U WET7. 5U WE7. 5U WE7. 5U
L=3. 75U 1 t L=3. 75U 1 t L=3. 75U — t L=3. 75U - t L=3. 75U L=3. 75U T t L=3. 75U 1 t L=3. 75U
M=l M=l M=l M=l M=l M=l M=l M=l
AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P
AD=14P AD=14P AD=14P AD=14P AD=14P AD=14P AD=14P AD=14P
PS=20U PS=20U PS=20U PS=20U PS=20U PS=20U PS=20U PS=20U
PD=20U K PD=20U C PD=20U D PD=20U E PD=20U PD=20U H PD=20U J PD=20U

MP2 MP4 MP6 MP8 MPA MPC MPE MPG

WE7. 5U WE7. 5U WE7. 5U WE7. 5U WE7. 5U WE7. 5U WE7. 5U WE7. 5U
L=3. 75U ~ L=3. 75U ~ L=3. 75U B L=3. 75U ~ L=3. 75U L=3. 75U ~ L=3. 75U ~ L=3. 75U
M=l M=l M=l M=1 M=l M=l M=l M=l
AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P AS=14P
AD=14P AD=14P AD=14P AD=14P AD=14P AD=14P AD=14P AD=14P
PS=20U PS=20U PS=20U PS=20U PS=20U PS=20U PS=20U PS=20U
PD=20U PD=20U PD=20U PD=20U PD=20U PD=20U PD=20U PD=20U
STANFORD LI NEAR ACCELERATOR CENTER SHEET
U.S. DEPARTMENT OF ENERGY
STANFORD UNI VERSI TY STANFORD, CALI FORNI A

PROPRI ETARY DATA OF STANFORD UNI VERSI TY AND/ OR U. S. DEPARTMENT OF

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORVATI ON W THI N UNLESS

GRANTED SPEC!I FI C PERM SSI ON OF STANFORD UNI VERSI TY.

DATE APPROVALS pCh8
ENGR Freytag 04/ 06/ 04

Hal I er

DFTR

Freyt ag

04/ 06/ 04

CHKR

HEA AR

Freyt ag

04/ 06/ 04

04/ 06/ 04

4- 16- 2003_16: 50

LAT- DS- 03518- 50



AVDD

Bl AS[ 0: 3]

RST

AVDD2

| N

AGND

REV

DESCRI PTI ON

DFTR

DATE

New her e:

MP14, MN51,
C3, MP13 M2 from MeL

3.3V
1
X 510pA
—— 0. 102P
VP12
2. 5592V Bl AS? I AVDD
L V1. 8U <
L=9U —L—0.102P 5. 4uA
AS=4P BB
= L
0. 1691 Bl AS1 r LA_\_/_[_)_[_)_______: VP14
L WL, 8U f
L=9U
N2 L V1. 8U
AS=4P L=9U
AD=4P
PS=8U
VP51 PD=8U pron
% AVDD 2. 8267V Ps-g0
gm=2E- 9 L— X%aggu --------------- QUT
R=500Meg o
- AS=3P
1. 9800V t au=130us /ng% |
PD=7U VN2 |
iy
Bl AS3 (SI G RET) 3.3V ) AD=50P
AS=50P
PD=63U L3
PS=63U
MP1 nm=8E- 5
2.3971V ’J We124, 2U J
ﬁ L=1. 2U |2
Po-ize0 (zero bi as)
NE%?;&S%ES Cs=110f F
gnmE9E- 4 M\91
_ 385UA
280pA Cg=15pF 0. 9098V
. We12U
l.=. 9U
VE2
AS=22P
MNS7 Pe-261
Bl ASO (1 FET) 2.2301V \ wea0U PD=28U
| L=9u
AS=50P
AD=50P
PS=64U
PD=64U
C6 3 IVNG 1 IMNG 2 o
L W, 9U We. 9U _ | 0.386P -
— L=4.50 || 0. 5555V || L=4.5U — ComLIO0rF
0. 386P 0. 102PF M=2 Asgh ‘ ‘ o —— G5 (zero bias)
- o —— 0.102P
Pl oy 390UA
PD=7U PD=7U
exp. gml3= .9E-2* SQRT(35*2800E-6) = 2.8E-3
.8 * 60E-12
exp. tau-rise= ------------ = 90 ns
.13 * 9E-4

STANFORD LI NEAR ACCELERATOR CENTER
U. S. DEPARTMENT OF ENERGY

STANFORD UNI VERSI TY

STANFORD, CALI FORNI A

SHEET

18

PROPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT OF

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS

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

DATE

APPROVALS

ENGR

Freyt ag

04/ 06/ 04

ENGR

Hal I er

04/ 06/ 04

DFTR

Freyt ag

HEA AR

04/ 06/ 04

pr eanpa

1-28-2002_14: 52

CHKR

Freyt ag

04/ 06/ 04

LAT- DS- 03518- 50



AVDD

| LOW

AGND

REV

DESCRI PTI ON

DFTR CHKR APPV

DATE

500 nA 100 nA 1
: - - Bl AS[ 0: 11]
VP11 MP32
VP14 LG MP13
WL, 84U J V1. 8U W1, 8U J Ve o
L=9U L=9U L=9U '
MES AS=4P
AS=4P AS=4P AS=4P AD=4P 7-26-01:
AD=4P AD=4P AD=4P PS=8U
= = = -
100 nA Bl AS1 ( VP) GUA
Bl AS4 ( VRS) 2. SUA
Bl ASS ( VPB)
2. buA MNL7
! W1, 8U
L=1. 8U
MES
nsed VN12 | | MN13
AD=3P W1, 8U WE1. 8U
MN11 | | MN14 el L1=1.80 || | =1 8U
W1, 8U WE1. 8U NVEG MES
L=1. 8U ‘ ‘ l.=1. 8U AS=3P AS=3P
M=5 AD=3P AD=3P
PS=7U PS=7U
AS=3P AS=3P PD=7U PD=7U
AD=3P AD=3P
PS=7U ‘ PS=7U
PD=7U PD=7U
20nA Bl AS11 (VCLO)
0. 16nA Bl AS2 (VI R)
20nA Bl ASO (VPLO)
20nA 20nA 4nA 800nA 20nA
n AVDD
%FM
112K
1. 9728V AVLLZ
MP18 j ’—NPIA NPIBW VP33 r MP1C
MP19 |
WEL. 8U WEL. 8U J F % L VL. 8U WL, 8U J L=1’ 8U 4 L VL. 8U
L=9U L=9U L=9U L=94 . L=9U
MES M=5 AS=4P M=9 R3
As=ap L——1 AS=4P AS=4P AS=4p $——— AD=4P AS=4P 28K
o gh | L o 2y = o '
PD=8U PD=8U PD=8U L7 FD;B‘U PD=8U Bl AS5 ( VSLO)
We1. 8U
RSN 2. 2nA ( VHLF2)
VMN1A A M\IJ'B Bl AS7
We1. 8U AD=3P
L=1. 8U Sy %RZ
S , Ms o 0y VN1 D
W1, 8U L ! WE1. 8U AD=3P WE1. 8U : I WE1. 8U
L=1.80 || | L=1.8U el L=1.8U | L=1. 8U Rl
21K
AS=3P AS=3P AS=3P AS=3P
AD=3P AD=3P AD=3P AD=3P
=i =i =i =i
AG\D
bi asO0 = | FET
bi as3 = QvDD STANFCRD LI NEAR ACCELERATOR CENTER SHEET 17
U S. DEPARTMENT OF ENERGY
bl as 10: VREF STANFCRD UNI VERSI TY STANFORD, CALI FORNI A
PROPRI ETARY DATA OF STANFORD UNI VERSI TY AND/ OR U. S. DEPARTMENT OF
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORVATI ON W THI N UNLESS
GRANTED SPECI FI C PERM SSI ON OF STANFORD UNI VERSI TY. bi aS 8

ENR Freyt ag

04/ 06/ 04

ENGR
Hal I er

04/ 06/ 04

DFTR Freytag

HEA AR

04/ 06/ 04

12-17-2002_12: 18

CHKR Freyt ag

04/ 06/ 04

LAT- DS- 03518- 50



REV DESCRI PTI ON DFTR CHKR APPV DATE

V
“ r VP15 VP11 VP13 | VP14
VP51 VP52 Cl
Ve, QU J L V. 9U WL, 8U WL, 8U WL, 8U VL. 8U
L=4.5U L=4.5U -
AS=3P AS=3P VP31 - 102P AS=4P AS=4p AS=4P AS=4P
AD=3P AD=3P AD=4P AD=4P AD=4P AD=4P
PS=7U PS=7U PS=8U PS=8U PS=8U PS=8U
PD=7U PD=7U PD=8U PD=8U PD=8U PD=8U
LC LD L7
N1, 8U LA
L=1. 8U
AS=4P
AD=4P
PS=8U
PD=8U
‘ IVN12 MN13 40nA
| M WEL. 8U WEL. 8U ‘
‘ l.=1. 8U L=1. 8U A lv nanazov L2 l\/ nandzgv
J S o
AS=3P AS=3P . —<
AD=3P AD=3P NPL6 L1 . } GATE
PS=7U PS=7U
PD=7U PD=7U r v
LE L WL, 8U
L=9U
AS=4P
LF ot
PS=8U
| P PD=8U
nandzgv
A
ko2
G
MP21
L3 T f c4
o L WE. 9U —
L=. 6U —F
| MN14 MN15 - WAZY - 046P
B Wel. 8U 4{ Wel. 8U 145pT T AS=3P L=.6U
‘ |_=1 8U |_=1 8U PS=7U AS=3P
PD=7U AD=3P
AS=3P AS=3P L9 PS=7U
AD=3P AD=3P PD=7U
PS=7U PS=7U RST
PD=7U PD=7U
‘ '\/\H\/&% 0 C3 | VNG 1 VNG 2
. WE. 9U WE. 9U
\ .=1. 8U 102P — L=4.5U ‘ ‘ l.=4. 5U
AS=3P AS=3P =
AD=3P égzgs ‘ ‘ PS=7B
E?;;B PD=7U PD=7U
G
Duration of Dead Tine
ARST
Del ay for reset current node L3
VCLO 20 nA * 5 us
____________ =1V
100 fF
STANFORD LI NEAR ACCELERATOR CENTER SHEET 21 O
U.S. DEPARTMENT OF ENERGY
STANFORD UNI VERSI TY STANFORD, CALI FORNI A
PROPRI ETARY DATA OF STANFORD UNI VERSI TY AND/ OR U. S. DEPARTMENT OF
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS
GRANTED SPECI FI C PERM SSI ON OF STANFORD UNI VERSI TY. ar eS et 8
ENGR D. Freytag 04/ 06/ 04
ENGR G Haller 04/ 06/ 04 5-21- 2003_14: 30
DFTR D. Freytag 04/ 06/ 04
CHKR M Freytag 04/ 06/ 04 LAT- DS- 03518- 50 D




VDD

CNTR

GND

| N

VN2 1

V. 9U
L=. 6U

AS=3P
AD=3P
PS=7U
PD=7U

AS=3P

PS=7U
PD=7U

REV

DESCRI PTI ON

DFTR CHKR

DATE

STANFORD LI NEAR ACCELERATOR CENTER
U. S. DEPARTMENT OF ENERGY

STANFORD UNI VERSI TY STANFORD, CALI FORNI A

SHEET 22

PROPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT OF
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS

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

DATE APPROVALS bUf f _t gat e
ENR D. Freytag 04/ 06/ 04 5_ 21_ 2001 13 40
ENR G Haller 04/ 06/ 04 - '
DFTR D. Freytag 04/ 06/ 04
M Freytag 04/ 06/ 04 LAT_ DS_ 03518_ 50




| N

VDD

GATE

GN\D

VN2 1

V. 9U
L=. 6U

AS=3P
AD=3P
PS=7U
PD=7U

CNTR
MP21 MN22 MP22

WE. 9U W=, 9U WE. 9U
L=. 6U L=. 6U L=. 6U

AS=3P
AS=3P AS=3P
i il i
PD=7U Po=rU PD=7U

OT
STANFORD LI NEAR ACCELERATOR CENTER SHEET 23

STANFORD UNI VERSI TY

U. S. DEPARTMENT OF ENERGY

STANFORD, CALI FORNI A

PROPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT OF

ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS

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

buff 2t gate

DATE APPROVALS
SR D Freytag 04/ 06/ 04 11-21-2001 17: 47
ENR G Haller 04/ 06/ 04 -
DFTR D. Freytag 04/ 06/ 04
CHKR M Freytag 04/ 06/ 04

LAT- DS- 03518- 50



3.3V

REV

DESCRI PTI ON

DFTR

DATE

AVDD T T
H MP340 H
MP360
% VT, 8U % 1. 8U 13.3 uA
L L=1. 8U L L=1. 8U CRAI L1
o - ] I I
Aomab ADap 102FF T VP91 F % VP92 % VP93
Pool) P8y T VP310 We24U J L We24U L W24U
Bl AS % Jer au L=. 9U L=. 9U L=. 9U
L L=1. 8U AS=44P AS=44P AS=44P
2.0315V MES P52 PS-520 PS=520
AS=4P PD=52U 2. TUA PD=52U PD=52U
AD=4P
PS=8U
PD=8U
10. 7 uA
LO 2. TUA 25UA
1.5149V 2. 3058V
I nput transistors doubl ed 2 3225V CMVP
up to symmetrize geonetry '
| ?
0.1941V \PEL P 0.1941V O
P AVDD ' | M a1
13 L We12U We124 J L4 0. 1941V
L=1. 8U L=1. 8U |
L5 ME2 ME2 |
S=22 S=22
O. 9428V QD=22E ﬁD=22E 6 6 A ‘ VN9 1 182PF
6.6 uA %0 o |0 12U -
2. TUA \ L=6U
L2 _
L1 AD=27P
PS=28U
PD=28U
| M\O2
We12U
| L=su
AS=22P
AD=22P
PS=28U
PD=28U
0. 3577V
1. 3700V 0. 3577V
MNL50
____+ WL, 8U
L=1. 8U
niso e
WL, 8U k__ﬂ MNL10 | | MNL70 MNL20 Ao-3p
L=1. 8U We3U We3U — We3U PD=7U
L=6U | | L=su L=6U
AS=3P
AD=3P AS=3P AS=3P AS=3P
PS=7U AD=3P
PD=7U é@i?ﬁ 'p'é:?'u ég:%
PD=7U PD=7U PD=7U
AGND

STANFORD LI NEAR ACCELERATOR CENTER
U. S. DEPARTMENT OF ENERGY

STANFORD UNI VERSI TY

STANFORD, CALI FORNI A

SHEET

19

PROPRI ETARY DATA OF STANFORD UNI VERSI TY ANDY OR U. S. DEPARTMENT OF
ENERGY. RECI PI ENT SHALL NOT PUBLI SH THE | NFORMATI ON W THI N UNLESS
GRANTED SPECI FI C PERM SSI ON OF STANFORD UNI VERSI TY.

DATE

APPROVALS

ENGR

Freyt ag

04/ 06/ 04

ENGR

Hal I er

04/ 06/ 04

DFTR

HEA AR

Freyt ag

04/ 06/ 04

r _cascode

11-7-2001_11: 28

CHKR

Freyt ag

04/ 06/ 04

LAT- DS- 03518- 50



AVDD

Bl AS[ 8: 10]

Bl ASS8
rcvrfe
\IBIAS
— sTP
R ©
I M \ 4 STM O
/v
1. 3650V e
2
1 R1
—]
102FF 7K
‘ \14
W1, 8U
\ L=1. 8U
AS=3P
ey
AGND alby
> Circuitry to restore REF to VREF
5 | L8 | AVDD o
| P H | MP35 ':__
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1 PURPOSE

This document documents the VHDL code in the GLAST Large Area Telescope (LAT) flight Calorimeter Front End version 9A
(GCFE9A) 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-D4.

4  GCFE OVERVIEW

One of the two custom ASICs required for the GLAST Calorimeter is the Glast Calorimeter Front End (GCFE) Application
Specific Integrated Circuit (ASIC). The basic function of the GCFE is to amplify and shape signals from 2 PIN photodiodes per
crystal end and capture them in a track and hold circuit for digitization by an external ADC. Discriminators within the ASIC are
provided externally for inputs to the GLAST trigger system. The digital control blocks within the GCFE handle command and
data readout of configuration registers, control the data acquisition timing and auto ranging functions.
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5 GCFESA ASIC MODULES

51 GCFE-CHIP.VHD

Created by David Nelson 1/24/01
Filename: gcfe chip.vhd
Function: GCFE Top Level

This file describes all the signal

names which makes it difficult to trace.

Modification:

--Library gcfe vhdl;

Library ieee;

use leee.std logic_1164._all;

use ieee.std_logic_unsigned.all;
use gcfe pkg.all;

Entity GCFE_Chip is
Port (

-— Chip Input Signals From GCRC

-— Chip Address

interconnections between the various
components. Each signal had to be seperately called out instead of an
array brause the synthsis tools translated the names to internal

nxx

Clock input from GCRC
Command/Data input from GCRC

RESET

signal ADDRO : in std_logic; -- Chip Address
signal ADDR1 : in std_logic; -- Chip Address
signal ADDR2 : In std _logic; -- Chip Address
signal ADDR3 : In std _logic; -- Chip Address
signal RIGHT_FIRST : in std_logic; -

signal DAQ CLK : iIn std_logic; -

signal CMD : in std_logic; -—

signal RESET : in std_logic; -—

signal START_ACQ : in std_logic; -

-— Chip Output Signals to the GCRC

Signal DIG_DAT _OUT : buffer std_logic;

signal HOLD : buffer std_logic;

signal RANGE_SELO
signal RANGE_SEL1

buffer std _logic;
buffer std _logic;

Start acquisition from GCRC

-- Data

-- Hold to sample and hold circuits



LAT-DS-03518-50

Calorimeter Front End ASIC — VHDL Code

Page 8 of 8

signal
signal
signal

signal
signal
signal
signal

signal
signal
signal

signal
signal
signal
signal

signal
signal
signal

Signal
Signal
Signal

signal
signal
signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal
signal

signal

RANGE_SEL2
RANGE_SEL3
RANGE_SEL4

RNG_ULDO
RNG_ULD1
RNG_ULD2

LOG_ACPT_LLD

LE_GN_SELO
LE_GN_SEL1
LE_GN_SEL2

HE_GN_SELO
HE_GN_SEL1
HE_GN_SEL2
HE_GN_SEL3

CALIB_GAIN
CALIB_HE_EN
CALIB_LE_EN

HE_TRG_ENA
LE_TRG_ENA
LOG_ACPT_ENA

FLE_DACO
FLE_DAC1
FLE_DAC2
FLE_DAC3
FLE_DAC4
FLE_DAC5
FLE_DAC6

FHE_DACO
FHE_DAC1
FHE_DAC2
FHE_DAC3
FHE_DAC4
FHE_DAC5
FHE_DAC6

LOG_ACPT_DACO
LOG_ACPT_DAC1
LOG_ACPT_DAC2
LOG_ACPT_DAC3
LOG_ACPT_DAC4
LOG_ACPT_DAC5
LOG_ACPT_DAC6

RNG_ULD_DACO
RNG_ULD_DAC1
RNG_ULD_DAC2
RNG_ULD_DAC3
RNG_ULD_DAC4
RNG_ULD_DAC5
RNG_ULD_DAC6

REF_DACO

buffer
buffer
buffer

std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;

- -
>0 3 3 5

std_

buffer
buffer
buffer

buffer
buffer
buffer
buffer

buffer
buffer
buffer

buffer
buffer
buffer

buffer
buffer
buffer
buffer
buffer
buffer
buffer

buffer
buffer
buffer
buffer
buffer
buffer
buffer

buffer
buffer
buffer
buffer
buffer
buffer
buffer

buffer
buffer
buffer
buffer
buffer
buffer
buffer

: buffer

logic;

std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std _logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std _logic;
std_logic;
std_logic;
std_logic;
std_logic;
std _logic;
std_logic;

std_logic;
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signal
signal
signal
signal
signal
signal

)-

REF_DAC1
REF_DAC2
REF_DAC3
REF_DAC4
REF_DAC5
REF_DAC6

End GCFE_Chip;

buffer
buffer
buffer
buffer
buffer
buffer

Architecture Chip of GCFE_Chip is

-— Inter connect signals

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std _logic

-- CMD_SEQ

signal Addr : std_logic_vector(3 downto 0);
signal Chip_Func : std _logic_vector(4 downto 0);
signal Func_Strb : std _logic;

signal Data Strb : std _logic;

signal Data_Reg : std _logic_vector(15 downto 0);
-- GCFE_REG

Signal FIRST_RNG : std _logic_vector(l downto 0);
Signal USE_FRST_RNG : std_logic;

Signal OVERWRITE : std_logic;

Signal CTRL_SEL > std_logic;

Signal ENA RNG : std _logic_vector(l downto 0);

-- GCFE_REG to GCFE_READ_BACK

signal CTRL_REG O :
signal CTRL_REG 1 :
signal FLE DAC_REG :
signal FHE_DAC_REG :
signal LOG_ACPT_DAC_REG
signal RNG_ULD_DAC_REG
signal REF_DAC_REG :
signal CTRL_DATA :
-- RANGE_SEL;

Signal RANGE_VOLT :
-- DIG_MUX;

-— CTRL_ACQ;

signal SEL_LOG_ACPT :
Signal RNG_SEL_1 :
Signal RNG_SEL_O :
Signal INC_RNG :
signal LD_RNG _ULD :
signal RANGE_SEL :

std_logic_vector(15 downto 0);
std_logic_vector(15 downto 0);
std_logic_vector(15 downto 0);
std_logic_vector(15 downto 0);

: std _logic_vector(15 downto 0);
: std _logic_vector(15 downto 0);

std_logic_vector(15 downto 0);
std_logic;

std_logic_vector( 1 downto 0);

std_logic;
std_logic;
std _logic;
std _logic;
std_logic;

std _logic_vector(4 downto 0);



LAT-DS-03518-50 Calorimeter Front End ASIC — VHDL Code Page 10 of 10

signal RNG_ULD std_logic_vector(2 downto 0);
signal LE _GN_SEL std_logic_vector(2 downto 0);
signal HE_GN_SEL std_logic_vector(3 downto 0);

signal FLE_DAC
signal FHE_DAC
signal LOG_ACPT_DAC
signal RNG_ULD_DAC
signal REF_DAC

std _logic_vector(6 downto 0);
std_logic_vector(6 downto 0);
std_logic_vector(6 downto 0);
std_logic_vector(6 downto 0);
std_logic_vector(6 downto 0);

Begin

Change_Arrayl: process( RANGE_SEL,RNG_ULDO,RNG_ULD1,RNG_ULD2,LE_GN_SEL, HE_GN_SEL,
AddrO, Addrl, Addr2, Addr3)
begin

RANGE_SELO <=  RANGE_SEL(0):
RANGE_SEL1 <= RANGE_SEL(1):
RANGE_SEL2 <=  RANGE_SEL(2):
RANGE_SEL3 <=  RANGE_SEL(3);
RANGE_SEL4 <=  RANGE_SEL(4):

RNG_ULD(0) <= RNG_ULDO;
RNG_ULD(1) <= RNG_ULD1;
RNG_ULD(2) <= RNG_ULD2;
LE_GN_SELO <= LE_GN_SEL(0);
LE_GN_SEL1 <= LE_GN_SEL(1);
LE_GN_SEL2 <= LE_GN_SEL(2);
HE_GN_SELO <= HE_GN_SEL(0);
HE_GN_SEL1 <= HE_GN_SEL(1);
HE_GN_SEL2 <= HE_GN_SEL(2);
HE_GN_SEL3 <= HE_GN_SEL(3);
Addr(0) <= AddroO;

Addr(1) <= Addr1;

Addr(2) <= Addr2;

Addr(3) <= Addr3;

end process;

Change_Array2: process( FLE_DAC, FHE_DAC,LOG_ACPT_DAC, RNG_ULD_DAC, REF_DAC)
begin

FLE_DACO <=  FLE_DAC(0);
FLE DAC1 <=  FLE_DAC(1);
FLE DAC2 <=  FLE_DAC(2);
FLE DAC3 <=  FLE_DAC(3);
FLE DAC4 <=  FLE_DAC(4);
FLE DAC5 <=  FLE_DAC(5);
FLE_DAC6 <=  FLE_DAC(6);
FHE_DACO <=  FHE_DAC(O0);
FHE DAC1 <=  FHE_DAC(1);:
FHE DAC2 <=  FHE_DAC(2):
FHE_DAC3 <=  FHE_DAC(3);
FHE DAC4 <=  FHE_DAC(4);

FHE DAC5 <=  FHE_DAC(5);
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FHE_DAC6 <=

LOG_ACPT_DACO
LOG_ACPT_DAC1
LOG_ACPT_DAC2
LOG_ACPT_DAC3
LOG_ACPT_DAC4
LOG_ACPT_DAC5
LOG_ACPT_DAC6

RNG_ULD_DACO
RNG_ULD_DAC1
RNG_ULD_DAC2
RNG_ULD_DAC3
RNG_ULD_DAC4
RNG_ULD_DAC5
RNG_ULD_DAC6

FHE_DAC(6);

<=
<=
<=
<=
<=
<=
<=

<=
<=
<=
<=
<=
<=
<=

LOG_ACPT_DAC(0);
LOG_ACPT _DAC(1);
LOG_ACPT_DAC(2);
LOG_ACPT _DAC(3);
LOG_ACPT _DAC(4);
LOG_ACPT _DAC(5);
LOG_ACPT _DAC(6);

RNG_ULD_DAC(0);
RNG_ULD_DAC(1);
RNG_ULD_DAC(2);
RNG_ULD_DAC(3);
RNG_ULD_DAC(4);
RNG_ULD_DAC(5);
RNG_ULD_DAC(6);

REF_DACO <= REF_DAC(0);
REF_DAC1 <= REF_DAC(1);
REF_DAC2 <= REF_DAC(2);
REF_DAC3 <= REF_DAC(3);
REF _DAC4 <= REF_DAC(4);
REF_DAC5 <= REF_DAC(5);
REF_DAC6 <= REF_DAC(6);
end process; -- Change Array

U_CMD_SEQ: CMD_SEQ

port map (
DAQ_CLK
CMD
ADDR
RIGHT_FIRS
Chip_Func
Func_Strb
Data_Strb
Data_Reg
RESET

); -- CMD_

U_GCFE_REG: GCFE_REG

port map (

DAQ_CLK

Data_Reg

Chip_Func
Func_strb
Data_Strb
CTRL_REG O
CTRL_REG 1
FLE_DAC_RE
FHE_DAC_RE

LOG_ACPT_DAC_REG
RNG_ULD_DAC_REG

REF_DAC_RE
FHE_DAC
FLE_DAC

T

SEQ

G
G

G

LOG_ACPT_DAC

RNG_ULD_DA

C

DAQ_CLK,
CMD,

ADDR,
RIGHT_FIRST,
Chip_Func,
Func_Strb,
Data_Strb,
Data_Reg,
RESET

DAQ_CLK,
Data_Reg,
Chip_Func,
Func_strb,
Data_Strb,
CTRL_REG_O,
CTRL_REG 1,
FLE_DAC_REG,
FHE_DAC_REG,

=> LOG_ACPT_DAC_REG,
=> RNG_ULD_DAC_REG,

=>
=>
=>
=>
=>

REF_DAC_REG,
FHE_DAC,
FLE_DAC,
LOG_ACPT DAC,
RNG_ULD_DAC,
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USE_FRST_RNG

=> USE_FRST_RNG,

OVERWRITE => OVERWRITE,
REF_DAC => REF_DAC,
LE_GN_SEL => LE_GN_SEL,
HE GN_SEL => HE GN_SEL,
FIRST_RNG => FIRST_RNG,
ENA_RNG => ENA_RNG,
LOG_ACPT_ENA => LOG_ACPT_ENA,
LE_TRG_ENA => LE_TRG_ENA,
HE_TRG_ENA => HE_TRG_ENA,
CALIB_GAIN => CALIB_GAIN,
CALIB_LE_EN => CALIB_LE_EN,
CALIB_HE_EN => CALIB_HE_EN
);
U_CTRL_ACQ: CTRL_ACQ
Port map (

DAQ_CLK => DAQ CLK,
START_ACQ => START_ACQ,

RESET => RESET,
INC_RNG => INC_RNG,
LD_RNG_ULD => LD_RNG_ULD,
HOLD => HOLD,
SEL_LOG_ACPT => SEL_LOG_ACPT,

RNG_SEL 1 => RNG_SEL 1,
RNG_SEL_O => RNG_SEL_O

); -- CTRL_ACQ

U_RANGE_CNTRL : RANGE_CNTRL

Port map (
DAQ_CLK

RESET =>

USE_FRST_RNG

OVERWRITE =>

RNG_ULD
FIRST_RNG
ENA_RNG

INC_RNG =>

RANGE_SEL
LD_RNG_ULD
RANGE_VOLT

=> DAQ_CLK,
RESET,
=> USE_FRST_RNG,
OVERWRITE,
=> RNG_ULD,
=> FIRST_RNG,
=> ENA_RNG,
INC_RNG,
=> RANGE_SEL,
=> LD_RNG_ULD,
=> RANGE_VOLT

); -- RANGE_CNTRL

U_READ_BACK : READ_BACK

port map (
DAQ_CLK
RESET
Func_Strb
Chip_Func
CTRL_REG_O
CTRL_REG_1
FLE_DAC_REG
FHE_DAC_REG

=> DAQ_CLK,

=> RESET,

=> Func_Strb,

=> Chip_Func,

=> CTRL_REG_O,
=> CTRL_REG_1,
=> FLE_DAC_REG,
=> FHE_DAC_REG,

LOG_ACPT DAC_REG => LOG_ACPT DAC_REG,
RNG_ULD_DAC_REG => RNG_ULD_DAC_REG,

REF_DAC_REG
CTRL_DATA
CTRL_SEL

=> REF_DAC_REG,
=> CTRL_DATA,
=> CTRL_SEL

); -- READ_BACK
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U_DIG_MUX: DIG_MUX

Port map (
LOG_ACPT_LLD
SEL_LOG_ACPT
CTRL_SEL
CTRL_DATA
RNG_SEL_1
RNG_SEL_O

RANGE_VOLT
DIG_DAT_OUT
); -- DIG_MUX

End Chip;

=> LOG_ACPT_LLD,
=> SEL_LOG_ACPT,
CTRL_SEL,

=> CTRL_DATA,

=> RNG_SEL 1,

=> RNG_SEL_O,
RANGE_VOLT,
DIG_DAT_OUT
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5.2 GCFE_REG.VHD

-- Created by David Nelson Feb 8, 2001

-- Filename: gcfe_reg.vhd

-— Function: Load and Read all of the GCFE registers listed in Table 2, section 7
-— of the GCFE ASIC specification. This code uses the Chip function, Func_Strb, and
Data_Strb

-— from CMD_SEQ code.

-- Modifications:

--Library gcfe_vhdl;

Library ieee;

use ieee.std logic _1164.all;

use leee.std _logic_unsigned.all;
use gcfe_pkg.all;

Entity GCFE_Reg is

Port (

DAQ CLK : in std_logic;

Chip_Func : in std_logic_vector(4 downto 0);

Func_Strb > in std_logic;

Data_Strb : in std_logic;
Data Reg : In std_logic_vector(15 downto 0);
USE_FRST_RNG > buffer std_logic;
FLE_DAC : buffer std_logic_vector(6 downto 0);
FHE_DAC : buffer std_logic_vector(6 downto 0);
LOG_ACPT_DAC : buffer std_logic vector(6 downto 0);
RNG_ULD_DAC : buffer std_logic vector(6 downto 0);
REF_DAC : buffer std_logic_vector(6 downto 0);

CTRL_REG_O : buffer std_logic_vector(15 downto 0);
CTRL_REG 1 : buffer std_logic_vector(15 downto 0);
FLE_DAC_REG : buffer std_logic vector(15 downto 0);
FHE_DAC_REG : buffer std_logic vector(15 downto 0);
LOG_ACPT_DAC_REG : buffer std_logic_vector(15 downto 0);
RNG_ULD_DAC_REG : buffer std_logic_vector(15 downto 0);
REF_DAC_REG : buffer std_logic_vector(15 downto 0);
LE GN_SEL : buffer std_logic vector(2 downto 0);
HE_GN_SEL : buffer std_logic vector(3 downto 0);
ENA_RNG : buffer std_logic_vector(l downto 0);
LOG_ACPT_ENA : buffer std_logic;
LE_TRG_ENA > buffer std_logic;
HE_TRG_ENA : buffer std_logic;
CALIB_GAIN : buffer std_logic;
CALIB_LE EN > buffer std_logic;
CALIB_HE_EN > buffer std_logic;
FIRST_RNG : buffer std_logic vector( 1 downto 0);
OVERWRITE : buffer std_logic

)

End GCFE_Reg;
Architecture Behaviour of GCFE_Reg is

Begin
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-— This process loads the CONFIG_REG O listed in Table 2,4 of the
-— GCFE ASIC specification

Ctrl_Reg2: Process(DAQ CLK, Data Strb, Data reg, Chip_Func,CTRL_REG_O,
LE_GN_SEL, HE_GN_SEL,FIRST_RNG )
Begin
if (DAQ CLK"event and DAQ CLK = "1") then

if (Data_Strb = "1" and Chip_Func = LD _CONFIG_REG_0O_CMD) then
CTRL_REG_O <= Data_Reg;
LE GN_SEL(2 downto 0) <= Data_Reg(2 downto 0);
HE_GN_SEL(3 downto 0) <= Data_Reg(6 downto 3);

ENA_RNG(0) <= Data_Reg(7);
ENA_RNG(1) <= Data_Reg(8);
USE_FRST_RNG <= Data_Reg(9);
FIRST_RNG(1 downto 0) <= Data_Reg(11l downto 10);
OVERWRITE <= Data_Reg(12);

else
CTRL_REG_0(15 downto 0) <= CTRL_REG 0(15 downto 0);
LE GN_SEL(2 downto 0) <= LE_GN_SEL(2 downto 0);
HE_GN_SEL(3 downto 0) <= HE_GN_SEL(3 downto 0);

ENA_RNG <= ENA RNG;
USE_FRST_RNG <= USE_FRST_RNG;
FIRST _RNG(1 downto 0) <= FIRST_RNG(1 downto 0);
OVERWRITE <= OVERWRITE;
end if;
else

CTRL_REG_0(15 downto 0) <= CTRL_REG 0(15 downto 0);
LE GN_SEL(2 downto 0) <= LE_GN_SEL(2 downto 0);
HE_GN_SEL(3 downto 0) <= HE_GN_SEL(3 downto 0);

ENA_RNG <= ENA_RNG;
USE_FRST_RNG <= USE_FRST RNG;
FIRST _RNG(1 downto 0) <= FIRST_RNG(1 downto 0);
OVERWRITE <= OVERWRITE;
end if;

end process;

-— This process loads the CONFIG_REG 1 listed in Table 2,3 of the
-— GCFE ASIC specification

Ctrl_Reg3: Process(DAQ CLK, Data_Strb, Data reg, Chip_Func,CTRL_REG_1)
Begin
iT (DAQ_CLK"event and DAQ CLK = ®1%) then

if (Data_Strb = "1" and Chip_Func = LD _CONFIG_REG_1 CMD) then

CTRL_REG_1 <= Data_Reg;
LOG_ACPT_ENA <= Data_Reg(0);
LE_TRG_ENA <= Data_Reg(1);
HE_TRG_ENA <= Data_Reg(2);
CALIB_GAIN <= Data_Reg(3);
CALIB_LE_EN <= Data_Reg(4);
CALIB_HE_EN <= Data_Reg(5);

else

CTRL_REG_1(15 downto 0) <= CTRL_REG_1(15 downto 0);
LOG_ACPT_ENA <= LOG_ACPT_ENA;
LE_TRG_ENA <= LE_TRG_ENA;

HE_TRG_ENA <= HE_TRG_ENA;
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CALIB_GAIN <= CALIB_GAIN;
CALIB_LE_EN <= CALIB_LE EN;
CALIB_HE_EN <= CALIB_HE EN;
end if;

else

CTRL_REG_1(15 downto 0) <= CTRL_REG 1(15 downto 0);
LOG_ACPT_ENA <= LOG_ACPT_ENA;
LE TRG_ENA <= LE_TRG_ENA;
HE TRG_ENA <= HE _TRG_ENA;
CALIB_GAIN <= CALIB_GAIN;
CALIB_LE EN <= CALIB_LE EN;
CALIB_HE_EN <= CALIB_HE EN;

end if;

end process;

-— This process loads the FLE DAC listed in Table 2 of the
-— GCFE ASIC specification

Ctrl_Reg4: Process(DAQ CLK, Data Strb, Data reg, Chip_Func,FLE_DAC REG)
Begin
if (DAQ CLK"event and DAQ CLK = "1") then

if (Data_Strb = 1" and Chip_Func = LD_FLE_DAC_CMD) then

FLE_DAC_REG <= Data_Reg(15 downto 0);
FLE_DAC <= Data_Reg(6 downto 0);
else
FLE_DAC_REG(15 downto 0) <= FLE_DAC_REG(15 downto 0);
FLE_DAC <= FLE_DAC;
end if;
else
FLE_DAC_REG(15 downto 0) <= FLE_DAC_REG(15 downto 0);
FLE_DAC <= FLE_DAC;
end if;

end process;

-— This process loads the FHE _DAC listed in Table 2 of the
-— GCFE ASIC specification

Ctrl_Reg5: Process(DAQ CLK, Data Strb, Data reg, Chip_Func,FHE_DAC REG)
Begin
if (DAQ CLK"event and DAQ CLK = "1") then

if (Data_Strb = 1" and Chip_Func = LD_FHE_DAC_CMD) then

FHE_DAC_REG <= Data_Reg(15 downto 0);
FHE_DAC <= Data_Reg(6 downto 0);

else

FHE_DAC_REG(15 downto 0) <= FHE_DAC_REG(15 downto 0);
FHE_DAC <= FHE_DAC;

end if;

else
FHE_DAC_REG(15 downto 0) <= FHE_DAC_REG(15 downto 0);
FHE_DAC <= FHE_DAC;

end if;

end process;

-— This process loads the FHE _DAC listed in Table 2 of the
-— GCFE ASIC specification
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Ctrl_Reg6: Process(DAQ CLK, Data Strb, Data_reg,
Chip_Func,LOG_ACPT_DAC_REG)

Begin
if (DAQ CLK"event and DAQ CLK = "1*) then

if (Data_Strb = "1" and Chip_Func = LD LOG_ACPT_DAC CMD) then

LOG_ACPT_DAC_REG <= Data_Reg(15 downto 0);
LOG_ACPT_DAC <= Data_Reg(6 downto 0);
else
LOG_ACPT_DAC_REG(15 downto 0) <= LOG_ACPT_DAC_REG(15 downto 0);
LOG_ACPT_DAC <= LOG_ACPT_DAC;
end if;
else
LOG_ACPT_DAC_REG(15 downto 0) <= LOG_ACPT_DAC_REG(15 downto 0);
LOG_ACPT_DAC <= LOG_ACPT_DAC;
end if;

end process;

-— This process loads the RNG_ULD DAC listed in Table 2 of the GCFE ASIC
-- specification

Ctrl_Reg7: Process(DAQ CLK, Data Strb, Data reg, Chip_Func,RNG_ULD DAC_REG)
Begin
if (DAQ CLK"event and DAQ CLK = "1") then

if (Data_Strb = "1" and Chip_Func = LD _RNG_ULD DAC_CMD) then

RNG_ULD_DAC_REG <= Data_Reg(15 downto 0);
RNG_ULD_DAC <= Data_Reg(6 downto 0);
else
RNG_ULD_DAC_REG(15 downto 0) <= RNG_ULD_DAC_REG(15 downto 0);
RNG_ULD_DAC <= RNG_ULD_DAC;
end if;
else
RNG_ULD_DAC_REG(15 downto 0) <= RNG_ULD_DAC_REG(15 downto 0);
RNG_ULD_DAC <= RNG_ULD_DAC;
end if;

end process;

-— This process loads the REF_DAC listed in Table 2 of the
-— GCFE ASIC specification

Ctrl_Reg8: Process(DAQ CLK, Data Strb, Data reg, Chip_Func,REF_DAC REG)
Begin
if (DAQ CLK"event and DAQ CLK = "1*) then

if (Data_Strb = "1" and Chip_Func = LD _REF_DAC _CMD) then

REF_DAC_REG <= Data_Reg(15 downto 0);
REF_DAC <= Data_Reg(6 downto 0);
else
REF_DAC_REG(15 downto 0) <= REF_DAC_REG(15 downto 0);
REF_DAC <= REF_DAC;
end if;
else
REF_DAC_REG(15 downto 0) <= REF_DAC_REG(15 downto 0);
REF_DAC <= REF_DAC;
end if;

end process;
End Behaviour;
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53 GCFE_PKG.VHD

-- Created by David Nelson Jan 24, 2001
-— Filename: gcfe_pkg.vhd
-— Function: Component definition file for GCFE

-— These eight VHDL files are designed using the Conceptional Design of the Glast
-— Calorimeter Front-End Electronics (GCFE) ASIC, document #89. Refer to

-— Figure titled GCFE Block Diagram. The Config. Control

-— block is implemented with CMD_SEQ, GCFE_REG, and READ_BACK. The Acquis.

-— Control is implemented with CTRL_ACQ. The Range Select Logic is implemented

-— with RANGE _CNTRL. The Mux block is implemented with DIG_MUX.

-— There are 7 components defined in this file.

-— (1) GCFE_Chip, which defines all interface signals comming in and leaving
--—the digital section.

--(2) CMD_SEQ, which decodes uses the DAQ CIK to decode CMD and generate function
-- strobes and data strobes.

-—- (3) GCFE_REG, which holds all of the setup values such as DACs and configuration
-— registers.

-— (4) RANGE_CNTRL, which looks at the configuration registers for mode control

-— and the three range discriminators and sets the proper range for the analog

-— output that is sent to the ADC.

-— (5) READ_BACK, which is used to read back all of the DAC settings and the two
-— configuration registers.

-— (6) DIG_MUX, which is use to multiplex the readback of configuration registers,
-- DACs and the range bits from the selected ADC range.

-— (7) CTRL_ACQ, which is used to generate analog readout sequence.

-- There is an eight file "gcfe_chip.vhl" that defines all the interconnecting
-— signals between the priviously
-- described blocks.

-- Modifications:

-- 3/14/2001
-- Removed rate counters

--Library gcfe_vhdl;

Library ieee;

use leee.std logic 1164.all;

use leee.std _logic_unsigned.all;

Package gcfe pkg is

-- Constant definitions for Function register in GCFE

-- Dataless Functions

Constant NOP_CMD : std _logic_vector(4 downto 0) := "00000";
Constant RESET_CNTR_CMD : std_logic_vector(4 downto 0) := "00001";
Constant STOP_CNTR_CMD : std_logic_vector(4 downto 0) := "00010";
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-- Load Functions

Constant LD _CONFIG_REG 0O _CMD : std_logic_vector(4 downto 0) := "00100";
Constant LD _CONFIG_REG 1 CMD : std _logic_vector(4 downto 0) := "00101";
Constant LD _FLE_DAC CMD : std _logic_vector(4 downto 0) := "00110";
Constant LD _FHE_DAC CMD : std _logic_vector(4 downto 0) := "00111";
Constant LD _LOG_ACPT_DAC_CMD : std_logic_vector(4 downto 0) := "01000";
Constant LD _RNG_ULD DAC_CMD : std_logic_vector(4 downto 0) := "01001";
Constant LD _REF_DAC CMD : std _logic_vector(4 downto 0) := "01010";
-- Read Functions
Constant RD_CONFIG_REG 0O _CMD : std_logic_vector(4 downto 0) := ""10100";
Constant RD_CONFIG_REG 1 CMD : std _logic_vector(4 downto 0) := "10101";
Constant RD_FLE_DAC CMD : std _logic_vector(4 downto 0) := "10110";
Constant RD_FHE_DAC _CMD : std _logic_vector(4 downto 0) := "10111";
Constant RD_LOG_ACPT_DAC_CMD : std_logic_vector(4 downto 0) := ""11000";
Constant RD_RNG_ULD DAC_CMD : std_logic_vector(4 downto 0) := "11001";
Constant RD_REF_DAC CMD : std _logic_vector(4 downto 0) := "11010";
Component GCFE_Chip
Port (
-- Bonded Chip Address
ADDRO : in std _logic ;
ADDR1 : in std _logic ;
ADDR2 : in std _logic ;
ADDR3 : in std_logic ;
RIGHT_FIRST : in std_logic; -- 1 => Right, 0 => Left
DAQ _CLK : in std_logic; -— Clock input from GCRC
CMD : in std_logic; -- Command/Data input from GCRC
RESET : in std_logic; -— RESET
START_ACQ : in std_logic; -- Start acq

-— Chip Output Signals to the GCRC

DIG_DAT OUT > buffer std_logic; -- Data

-- Signals that are external to this digital design but inside the gcfe

HOLD : buffer std_logic;
RANGE_SELO > buffer std_logic;
RANGE_SEL1 : buffer std_logic;
RANGE_SEL?2 : buffer std_logic;
RANGE_SEL3 : buffer std_logic;
RANGE_SEL4 : buffer std_logic;
RNG_ULDO : in std_logic;
RNG_ULD1 : in std_logic;
RNG_ULD2 : in std_logic;
LOG_ACPT_LLD : in std_logic;
LE_GN_SELO buffer std_logic;

LE_GN_SEL1 ; buffer std_logic;
LE GN_SEL2 : buffer std_logic;

HE_GN_SELO > buffer std_logic;
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HE_GN_SEL1 : buffer std_logic;
HE_GN_SEL2 : buffer std_logic;
HE _GN_SEL3 > buffer std_logic;

LOG_ACPT_ENA buffer std_logic;

LE TRG_ENA : buffer std_logic;

HE_TRG_ENA : buffer std_logic;

CALIB_GAIN > buffer std_logic;

CALIB_HE_EN > buffer std_logic;

CALIB_LE EN : buffer std_logic;

FLE DACO : buffer std_logic;
FLE_DAC1 > buffer std_logic;
FLE_DAC2 : buffer std_logic;
FLE_DAC3 : buffer std_logic;
FLE DAC4 : buffer std_logic;
FLE DAC5 > buffer std_logic;
FLE_DAC6 : buffer std_logic;
FHE_DACO : buffer std_logic;
FHE DAC1 : buffer std_logic;
FHE_ DAC2 : buffer std_logic;
FHE_DAC3 : buffer std_logic;
FHE_DAC4 : buffer std_logic;
FHE_DAC5 : buffer std_logic;
FHE_DAC6 : buffer std_logic;

LOG_ACPT_DACO
LOG_ACPT_DAC1
LOG_ACPT_DAC2
LOG_ACPT_DAC3
LOG_ACPT_DAC4
LOG_ACPT_DAC5
LOG_ACPT_DAC6

buffer std_logic;
buffer std _logic;
buffer std _logic;
buffer std_logic;
buffer std_logic;
buffer std_logic;
buffer std_logic;

RNG_ULD_DACO
RNG_ULD_DAC1
RNG_ULD_DAC2
RNG_ULD_DAC3
RNG_ULD_DAC4
RNG_ULD_DAC5
RNG_ULD_DAC6

buffer std_logic;
buffer std_logic;
buffer std_logic;
buffer std _logic;
buffer std_logic;
buffer std_logic;
buffer std_logic;

REF_DACO > buffer std_logic;
REF_DAC1 : buffer std_logic;
REF_DAC2 > buffer std_logic;
REF_DAC3 : buffer std_logic;
REF_DAC4 : buffer std_logic;
REF_DAC5 : buffer std_logic;
REF_DAC6 : buffer std_logic

)
End Component; -- GCFE_Chip

component CMD_SEQ
port (
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DAQ _CLK : in std_logic;
CMD : In std_logic;
ADDR : in std_logic_vector(3 downto 0);
RIGHT_FIRST : in std_logic;
Chip_Func : buffer std_logic_vector(4 downto 0);
Func_Strb : buffer std_logic;
Data_Strb : buffer std_logic;
Data_Reg : buffer std_logic_vector(15 downto 0);
RESET : in std_logic
):

end component; -— CMD_SEQ

component GCFE_REG

port (
DAQ_CLK : in std_logic;
Data_Reg : in std_logic_vector(15 downto 0);
Chip_Func : In std _logic_vector(4 downto 0);
Func_strb : in std_logic;
Data_Strb : in std_logic;
USE_FRST_RNG : buffer std_logic;
OVERWRITE : buffer std_logic;
CTRL_REG_O : buffer std_logic vector(15 downto 0);
CTRL_REG_ 1 : buffer std_logic_vector(15 downto 0);
FLE DAC_REG : buffer std_logic_vector(15 downto 0);
FHE_DAC_REG : buffer std_logic_vector(15 downto 0);
REF_DAC_REG : buffer std_logic vector(15 downto 0);
LOG_ACPT_DAC_REG : buffer std_logic vector(15 downto 0);
RNG_ULD DAC_REG : buffer std_logic_vector(15 downto 0);
FHE_DAC : buffer std_logic_vector(6 downto 0);
FLE_DAC : buffer std_logic_vector(6 downto 0);
LOG_ACPT_DAC : buffer std_logic vector(6 downto 0);
RNG_ULD_DAC : buffer std_logic vector(6 downto 0);
REF_DAC : buffer std_logic_vector(6 downto 0);
LE GN_SEL : buffer std_logic_vector(2 downto 0);
HE_GN_SEL : buffer std_logic_vector(3 downto 0);
FIRST_RNG : buffer std_logic vector(l downto 0);
ENA_RNG : buffer std_logic vector(l downto 0);
CALIB_GAIN : buffer std_logic;
CALIB_HE EN : buffer std_logic;
CALIB_LE_EN > buffer std_logic;
HE_TRG_ENA : buffer std_logic;
LE TRG_ENA : buffer std_logic;
LOG_ACPT_ENA : buffer std_logic
)

End Component; -- GCFE_REG

Component RANGE_CNTRL

Port (¢
DAQ_CLK : in std_logic;
RESET : in std_logic;

USE_FRST_RNG : in std_logic;

OVERWRITE : in std_logic;

RNG_ULD : In std_logic_vector(2 downto 0);
FIRST_RNG : in std_logic_vector(1l downto 0);
ENA_RNG : in std_logic_vector(l downto 0);

INC_RNG : in std_logic;

LD RNG_ULD : in std_logic;
RANGE_SEL : buffer std_logic_vector(4 downto 0);
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RANGE_VOLT
)-

: out std_logic vector(1l downto 0)

End Component; --RANGE_CNTRL;

component READ_BACK

port (

DAQ_CLK

RESET

Func_Strb

Chip_Func
CTRL_REG_O
CTRL_REG 1
FLE_DAC_REG
FHE_DAC_REG

in std_logic;

in std_logic;

in std_logic;

in std_logic_vector(4 downto 0);

: in std_logic_vector(15 downto 0);
: In std _logic _vector(15 downto 0);
: in std_logic_vector(15 downto 0);
: in std_logic_vector(15 downto 0);

LOG_ACPT_DAC REG : in std_logic_vector(15 downto 0);
RNG_ULD DAC REG : in std_logic_vector(15 downto 0);

REF_DAC_REG
CTRL_DATA
CTRL_SEL

)

: In std _logic_vector(15 downto 0);
: out std_logic;
: out std_logic

end component; -- READ BACK

Component DIG_MUX

Port (
LOG_ACPT_LLD
CTRL_SEL :

CTRL_DATA
RNG_SEL_1
RNG_SEL_O
SEL_LOG_ACPT
RANGE_VOLT
DIG_DAT_OUT

)-

: in std_logic;

in std_logic;

in std_logic;

in std_logic;

in std_logic;

: in std_logic;

: in std_logic_vector(1l downto 0);
: buffer std_logic

End bomponent; --— DIG_MUX

component CTRL_ACQ

port (
DAQ CLK
START_ACQ
RESET
INC_RNG
LD_RNG_ULD
HOLD
SEL_LOG_ACPT
RNG_SEL_1
RNG_SEL_O
)

in std_logic;
in std_logic;
in std_logic;
out std_logic;
out std_logic;
buffer std_logic;
out std_logic;
out std_logic;
out std_logic

end component; -- CTRL_ACQ

End gcfe pkg; --

Package
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54 CMD_SEQ.VHD

-— Function: Component definition file for GCFE

-— This code along with "GCFE_REG.VHD", "READ_BACK.VHD" implements section
-— 7 of the ASIC specification which describes all of the commands and
-- read back functions.

-- What this code does....

-- Wait for start bit

-— then Shift CMD using the DAQ CLK and get the command and address

-— from the input.

-— Check address to see if it matches Bonded Chip Address.

-- The code generates a command strobe and a data strobe if this chip
-- is addressed.

-— Wait until cmd_seq process completes, then wait for start bit again.

-— Filename: cmd_seq-vhd

-- Function:
-- Modifications:

--Library gcfe vhdl;

Library ieee;

use leee.std logic_1164._all;

use leee.std_logic_unsigned.all;
use gcfe_pkg.all;

Entity CMD_Seq is
Port (¢

-— Input signals from GCRC

DAQ_CLK > in std_logic;
CMD :in std_logic;
-— Bonded Chip Address
ADDR :in std_logic_vector(3 downto 0);
RIGHT_FIRST o in std_logic;

-- Outputs to other processes

Chip_Func : buffer std_logic vector(4 downto 0);
Func_Strb : buffer std_logic;
Data_Strb : buffer std_logic;

Data_Reg : buffer std_logic_vector(15 downto 0);

-— Input from other processes
RESET :in std_logic
)
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End CMD_Seq;

Architecture Behaviour of CMD_Seq is

signal Data Shift Reg : std logic_vector(15 downto 0);
signal Cmd_Shift_Reg : std_logic_vector(8 downto 0);
signal GCFE_ADDR : std_logic_vector(3 downto 0);
Signal Ld_CMD_Reg > std_logic;

Signal Ld _DAT Reg : std _logic;

Signal Count : std _logic_vector(4 downto 0);
Signal Next Count : std_logic_vector(4 downto 0);
Signal Ld_Count : std_logic;

Signal Dn_Count : std _logic;

signal ADDR_LR std_logic_vector(3 downto 0);

Type CMD_State is
¢
Idle,
CMD_1In,
DAT In,
Term

);

Signal Present State, Next State : CMD_State;

Begin

Cntr: Process(DAQ _CLK, RESET)
Begin
iT (RESET = "1") then
Count <= "00000";
elsif (DAQ _CLK"event and DAQ CLK = "1%) then
if (Ld_Count = "1") then
Count <= Next_Count;
elsif (On_Count = "1%) then
Count <= Count - 1;

else
Count <= Count;
end if;
end if;
End Process; -- Cntr

-— CMD_SM Sequences through the Command State Machine

CMD_SM: Process(RESET, DAQ_CLK)
Begin
if (RESET = "1%) then
Present _State <= Idle;
elsift (DAQ _CLK"event and DAQ CLK
if (RESET = "1%) then
Present State <= ldle;
else
Present_State <= Next_State;
end if;
end if;
End Process; -- CMD_SM

"1") then
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-- Load _CMD transfers data from the input shift register to
-— Static register for other processes

Load_CMD: Process(DAQ _CLK, RIGHT_FIRST, ADDR, RESET)

Begin

if (RIGHT_FIRST = "0") then -- This part of the code translates the address pins
ADDR_LR <= ADDR; -— 1f the chip is programmed to be a right chip

else -- This is decribed in section 10 of the ASIC

specification

case ADDR is

when 0000 => ADDR_LR <= "1011";
when "0001" => ADDR_LR <= "1010";
when 0010 => ADDR_LR <= "1001"
when "'0011" => ADDR LR <= *1000"
when ''0100" => ADDR LR <= "0111"
when 0101 => ADDR_LR <= "0110"
when "0110" => ADDR_LR <= "0101"
when "0111" => ADDR_LR <= "0100"
when 1000 => ADDR LR <= "0011"
when "1001" => ADDR LR <= '0010"
when ""1010" => ADDR_LR <= "0001";
when "1011" => ADDR_LR <= "0000";
when others => ADDR_LR <= "0000";

end case;

end if;

if (RESET = "1") then
GCFE_ADDR <= "0000";
Chip_FUNC <= ""00000";
Func_Strb <= "07;

elsif (DAQ _CLK"event and DAQ CLK = "1%) then
if (Ld_ CMD Reg = "1" ) then

GCFE_ADDR <= Cmd_Shift_Reg(8 downto 5);

Chip_FUNC <= Cmd_Shift_Reg(4 downto 0);

if (Cmd_Shift_Reg(8 downto 5) = ADDR_LR) then

Func_Strb <= "1°;
elsift (Cmd_Shift_Reg(8 downto 5) = "1111") then
Func_Strb <= "1°%;
else
Func_Strb <= "0°";
end if;
else
GCFE_ADDR <= GCFE_ADDR;
Chip_FUNC <= Chip_FUNC;
Func_Strb <= "0°";
end if;
end if;

End Process; -- CMD_SM

DataSTRB: Process(DAQ_CLK,RESET)
Begin
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if (RESET = "1°) then
Data_Strb <= "0%;
Data_Reg <= Data_ Reg;
elsift (DAQ _CLK"event and DAQ CLK = "1%) then

iT ((LAd_DAT_reg = "1") and (GCFE_ADDR = ADDR_LR)) then
Data_Strb <= "17;
Data_Reg <= Data_Shift_Reg(15 downto 0);
else
Data_Strb <= "07;
Data_Reg <= Data_Reg;
end if;
end if;
end process; -- DataStrb

-— SR_Reg Shifts Start and CMD in

SR_Reg: Process(DAQ_CLK, RESET)
Begin
if (RESET = "1%) then
Cmd_Shift_Reg <= '"000000000";
Data_Shift_Reg <= "0000000000000000";
elsift (DAQ _CLK"event and DAQ CLK = "1%) then
Cmd_Shift_Reg(0) <= CMD;
Cmd_Shift_reg(8 downto 1) <= Cmd_Shift_Reg(7 downto 0);
Data_Shift_Reg(0) <= CMD;
Data_Shift_Reg(15 downto 1) <= Data_Shift Reg(14 downto 0);

end if;

End Process; -- SR_Reg

-— Decode the incoming command stream

-- Uses the Start Bit shifting though the SR
-- to increament the State Machine

-— SROUT <= Shift _Reg(16);

Decode: Process(Next State, Present_State, CMD, count)
Begin

Case Present_State is

When Idle =>

Ld_CMD_Reg <= "07;
LD _DAT_Reg <= "07;
Ld_Count <= "1°;
Dn_Count <= "0%;
Next Count <= "01001"; -- 9 = 5 command bits 4 address bits

if (CMD = "1") then

Next State <= CMD_In;
else

Next State <= ldle;
end if;
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When CMD_In =>
LD_DAT_Reg <= "0";
it (Count = 00000') then
Ld CMD_Reg <= "1°%;
Ld Count <= "17;
Dn_Count <= "07;
Next Count <= "01111"; -- 15 = 16 data bits
Next State <= DAT In;
else
Ld CMD Reg <= "0%;
Ld Count <= "0F;
Dn_Count <= "1°%;
Next Count <= '"00000";
Next State <= CMD_In;
end if;

When DAT_In =>
Ld_CMD_Reg <= "0";
Next Count <= ""00000";

IT (Count = "00000') then
LD _DAT Reg <= "1°%;
Ld Count <= "17;
Dn_Count <= "0%;
Next_State <= Term;
else
Ld_CMD_Reg <= "0%;
LD _DAT Reg <= "0%;
Ld Count <= "0-;
Dn_Count <= "1%;
Next_State <= DAT_In;
end if;

When Term =>
Ld_CMD_Reg <= "0";

LD_DAT_Reg <= "0";

Ld _Count <= "07;
Dn_Count <= "0%;
Next_Count <= "'00000";
Next State <= Idle;

When others =>
Ld_CMD_Reg <= "0";
LD DAT Reg <= "0%;
Ld_Count <= "0°";

Dn_Count <= "0%;
Next_ Count <= ""00000";
Next State <= ldle;

end Case;

End Process; -- Decode

end Behaviour; -- CMD_Seq
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5.5 READ_BACK.VHD

-- Created by David Nelson Feb 8, 2001

-— Filename: read_back.vhd

-— Function: Read all of the GCFE Registers listed in the GCFE ASIC specification
-— listed in Section 7, Tables 2, 3, & 4. This code reads the registers
from

- "GCFE_REG" and sends the data serially to "DIG_MUX'" for transport to

- "DIG_DAT_OUT" pins

-- Modifications:

--Library gcfe_vhdl;

Library ieee;

use ieee.std logic _1164.all;

use leee.std logic_unsigned.all;
--use gcfe_vhdl_gcfe pkg.all;
use gcfe pkg.all;

Entity Read back is

Port (

DAQ CLK : in std_logic;

RESET : in std_logic;

Func_Strb > in std_logic;

Chip_Func : in std_logic_vector(4 downto 0);
CTRL_REG_O : In std_logic _vector(15 downto 0);
CTRL_REG_1 : in std_logic_vector(15 downto 0);
FLE DAC_REG : in std_logic_vector(15 downto 0);
FHE_DAC_REG : in std_logic_vector(15 downto 0);

LOG_ACPT_DAC REG : in std_logic vector(15 downto 0);
RNG_ULD DAC REG : in std_logic_vector(15 downto 0);

REF_DAC_REG : in std_logic_vector(15 downto 0);
CTRL_DATA : out std_logic;
CTRL_SEL > out std_logic

)
End Read back;

Architecture Behaviour of Read back is

Signal Count : std _logic_vector(4 downto 0);
Signal Ld Count : std _logic;

Signal Dn_Count : std_logic;

Signal OutSr : std logic_Vector(16 downto 0);
Signal Next OutSr : std logic Vector(15 downto 0);
Signal Ld OutSr : std _logic;

Signal En_OutSr : std_logic;

Signal Ld_Next Outsr : std_logic;

constant Reg_Size : std logic_vector( 4 downto 0) := '"10001";

Type Ctrl_State is
(
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LAT-DS-03518-50
Idle,

Reg Load,
Reg_Out,
Terminate
);

Signal Present State, Next State : Ctrl_State;

Begin
RD_SM: Process(DAQ_CLK,RESET)

Begin
if (RESET = "1%) then
Present State <= ldle;
elsift (DAQ _CLK"event and DAQ CLK = "1%) then
Present_State <= Next_State;

end if;
End Process; -- RD_SM

Cntr: Process(DAQ_CLK,RESET)
Begin
if (RESET = "1%) then

Count <= "00000";
elsift (DAQ _CLK"event and DAQ CLK = "1%) then

if (Ld_Count = "1%) then
Count <= Reg_Size;

elsif (On_Count = "1%) then
Count <= Count - 1;

else
Count <= Count;

end if;
end if;
End Process; -- Cntr
OutSr_Reg: Process(DAQ CLK, RESET)
Begin
if (RESET = "1") then
OutSr <= ( others => "0%);

CTRL_DATA <= "0";
elsift (DAQ _CLK"event and DAQ CLK = "1%) then

if (En_OutSR = "1%) then

OutSR(0) <= "0°";
CTRL_DATA <= OQutSR(16);
OutSR(16 downto 1) <= OutSR(15 downto 0);
elsif (Ld OutSr = "1%) then
OutSR(15 downto 0) <= Next_Outsr;
OutSR(16) <= "1°;
CTRL_DATA <= "07;
else OutSR(16 downto 0) <= OutSR(16 downto 0);
CTRL_DATA <= "07;
end if;

end if;
End Process; -- OutSr_Reg

Load_SR: Process(Ld Next Outsr, Daq clk, RESET,

Chip_Func, CTRL_REG 0, CTRL_REG 1, FLE_DAC_REG, FHE_DAC_REG,

LOG_ACPT_DAC_REG, RNG_ULD_DAC_REG, REF_DAC_REG )
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Begin
if (RESET = "1%) then
Next Outsr <= ""0000000000000000'";
elsift (DAQ _CLK"event and DAQ CLK = "1%) then

if (Ld_Next Outsr = "1%) then
case Chip_Func is
when RD_CONFIG_REG _O_CMD =>
Next Outsr <= CTRL_REG O0;
when RD_CONFIG_REG_1_CMD =>
Next_ Outsr <= CTRL_REG_1;
when RD_FLE DAC_CMD =>
Next Outsr <= FLE DAC REG;
when RD_FHE DAC CMD =>
Next_Outsr <= FHE_DAC_REG;
when RD_LOG_ACPT_DAC_CMD =>
Next_Outsr <= LOG_ACPT_DAC_REG;
when RD_RNG_ULD DAC CMD =>
Next Outsr <= RNG_ULD DAC REG;
when RD_REF_DAC CMD =>
Next_Outsr <= REF_DAC_REG;
when others =>
Next_Outsr <= ""0000000000000000";
end case;
else
Next Outsr <= Next_Outsr;
end if;
end if;
end process;

Readit: Process(present_state, next state, Func_Strb, Count,
Chip_Func)
begin

Case Present_State is

When l1dle =>

En_OutSr <= "0";

Ld OutSr <= "07;
CTRL_SEL <= "07;
Dn_Count <= "07;

Ld Count <= "0%;
Ld Next Outsr <= "17;
it (( Func_Strb = "1" ) AND (Chip_Func(4) = "1 ) )then
Next_State <= Reg_Load;
else
Next State <= ldle;
end if;

when Reg_Load =>
Ld_Count <= "1°;
En_OutSr <= "0°;
Ld_OutSr <= "1°;
CTRL_SEL <= "17;
Dn_Count <= "0%; Ld Next Outsr <= "07;

Next State <= Reg Out;

When Reg_Out =>
Ld_OutSr <= "0°";
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Ld_Count <= "0°";
En_OutSr <= "1°%;
CTRL_SEL <= "17;
Dn_Count <= "1%;

Ld_Next Outsr <= "0";

if (Count = "00000') then
Next State <= Terminate;
else
Next_State <= Reg_Out;
end if;

When Terminate =>

Dn_Count <= "0%;

Ld Count <= "07;

Ld OutSr <= "0";

En_OutSr <= "0°";
CTRL_SEL <= "07;
Ld_Next Outsr <= "07;

Next State <= ldle;
When Others =>
CTRL_SEL <= "07;
Dn_Count <= "07;
Ld Count <= "0";
Ld_OutSr <= "0%;
En_OutSr <= "0%;
Ld_Next Outsr <= "0-;
Next State <= ldle;
End Case;
End Process; -- Readit

End Behaviour;
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56 CTRL_ACQ.VHD

-- Created by David Nelson Jan 24, 2001

-— Function: Component definition file for GCFE

-— This code"s function is described in Conceptional Design of the Glast
-- Calorimeter Front-End Electronics (GCFE) ASIC, document #89.
-— section titled Signal Acquisition Control.

-— Filename: Ctrl_Acqg.vhd

-- Function:

-— RESET must be false to start an acquisition
-— RESET will abort ACQ always

-— All actions are on clock true edge

-- Wait for START_ACQ

-- Set HOLD if START_ACQ

-— Latch Data from RNG_ULD[2:0]
-- INC_RNG

-- Wait 2 DAQ_CLK

-- INC_RNG

-- Wait 2 DAQ_CLK

-— INC_RNG

-- Wait 2 DAQ_CLK

-- RESET HOLD

-— then Shift Din and get the command and adress from input.
-— Wait until cmdseq process completes, then wait for start bit again.

-- Modifications:

--Library gcfe_vhdl;

Library ieee;

use leee.std logic 1164.all;

use leee.std _logic _unsigned.all;
use gcfe pkg.all;

Entity CTRL_ACQ is
Port (

-— Input signals from GCRC

DAQ _CLK : in std_logic;
START_ACQ : in std_logic;
RESET : in std_logic;

-— Output signals to RANGE_CTRL

INC_RNG : out std_logic;
LD RNG_ULD : out std_logic;
HOLD > buffer std_logic;
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-— Output signals to DIG_MUX

SEL_LOG_ACPT : out std_logic;
RNG_SEL_1 : out std_logic;
RNG_SEL_O : out std logic

end CTRL_ACQ:
Architecture Behaviour of CTRL_ACQ is
Type ACQ_State is

(

State_lIdle,

State Hold,
State LD ULD,
State_lLog_Acpt,
State_Rng_1,
State_Rng_ O,
State_Inc_Rng

E
Signal Present_State, Next_State : ACQ_State;
begin
-— CMD_SM Sequences through the Command State Machine

ACQ_SM: process(RESET, DAQ_CLK)
Begin
iT(RESET = "1") then
Present State <= State ldle;
elsift (DAQ _CLK"event and DAQ CLK = "1%) then
Present_State <= Next_State;
end if;
End Process; -- ACQ_SM

Decode: Process(Next State, Present State, START_ACQ)
Begin

Case Present_State is

When State ldle =>
HOLD <= "07;
LD_RNG_ULD <= "07;
SEL_LOG_ACPT <= "0%;
RNG_SEL_1 <= "0";
RNG_SEL_O <= "07;
INC_RNG <= "0%;
if (START_ACQ = "17) then
Next State <= State Hold;
else
Next_State <= State_ldle;
end if;

when State Hold =>
HOLD <= "1%;
LD RNG ULD <= "0";
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RNG_SEL_1 <= "0%;
RNG_SEL_O <= "0%;
INC_RNG <= "0%;
SEL_LOG_ACPT <= "0";
Next_State <= State LD ULD;

when State LD ULD =>
HOLD

<= "1":

SEL_LOG_ACPT <= "0%;
RNG_SEL_1 <= "07;
RNG_SEL_O <= "0°%;
INC_RNG <= "07;
LD RNG ULD <= "1°7;

Next State <=

when State_Log_Acpt =>

HOLD <=
LD_RNG_ULD <=
SEL_LOG_ACPT <=
RNG_SEL 1 <=
RNG_SEL_O <=
INC_RNG <=
Next State <=

when State Rng_1 =>

Stéte_Log_Acpt;

"1t
0" -
TRF
0" :
0" :
0" -
State_Rng_1;

HOLD <= "1°;
LD_RNG_ULD <= "0°";
SEL_LOG_ACPT <= "0~;
RNG_SEL 1 <= "1°%;
RNG_SEL_O <= "0°%;
INC_RNG <= "0°";
Next State <= State Rng_0;

when State Rng_0 =>

HOLD <=
SEL_LOG_ACPT <=
LD_RNG_ULD <=
INC_RNG <=
RNG_SEL_1 <=
RNG_SEL_O <=
Next_State <=

when State_Inc_Rng =>

HOLD <=
SEL_LOG_ACPT <=
LD _RNG_ULD <=
RNG_SEL 1 <=
RNG_SEL_O <=
INC_RNG <=
Next_State <=
when others =>
HOLD <= "0";
LD _RNG_ULD <= "0";

“qe-
0" :
0" :
0" :
0" :
"1t
State_Inc_Rng;

“pr-
0" -
0" -
0" :
0" -
"1t
State_Rng_1;

SEL_LOG_ACPT <= "0%;
RNG_SEL_1 <= "0%;
RNG_SEL_O <= "0%;
INC_RNG <= "0°";

-— we loop back here from State_Inc_Rng for 4 ranges
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Next State <= State_ ldle;

end case;
end process; -- decode
end Behaviour; -- CTRL_ACQ;
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5.7 RANGE_CTRL.VHD

-- Created by David Nelson Jan 24, 2001
-— Filename: range_cntrl.vhd

-— Function: Multiplexor

-- Send DIG_IN out to DIG_DAT OUT if CTRL_SEL is true

-- Send LOG_ACPT LLD to DIG_DAT OUT if CTRL_SEL is false and
-—  RNG_SEL(0)

-- Send RANGE(0) to DIG_DAT_OUT
-- Send RANGE(1) to DIG_DAT_OUT
-- RANGE(3) is undefined.

CTRL_SEL is false and RNG_SEL(1)

if
it CTRL_SEL is false and RNG_SEL(2)

-- Modifications:

-—-Library gcfe vhdl;

Library ieee;

use leee.std logic_1164._all;

use leee.std _logic_unsigned.all;
use gcfe_pkg.all;

Entity Range cntrl is
Port C

-— Input signals from CTRL_CONFIG

RESET > in std_logic;
DAQ_CLK > in std_logic;
USE_FRST_RNG > in std_logic;
OVERWRITE - in std_logic;
FIRST_RNG : Iin std_logic vector(1l downto 0);
ENA_RNG > in std_logic_vector(l downto 0);

-- Input signals from CTRL_ACQ

INC_RNG : in std _logic;
LD RNG_ULD : in std_logic;

-- Input signals from CTRL_ACQ
-— Input signal from RANGE_MUX
RNG_ULD : In std_logic_vector(2 downto 0);
-— Output signal to RANGE_MUX
RANGE_SEL : buffer std_logic_vector(4 downto 0);
-- Output to DIG_MUX

RANGE_VOLT : out std_logic _vector(1l downto 0)

);
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End Range cntrl;

Architecture

constant
constant
constant
constant

constant
constant
constant
constant

constant
constant
constant
constant
constant

Behavior of

RNG_ULD_O -
RNG_ULD_1 -
RNG_ULD_2 -
RNG_ULD_3 -

Range_cntrl is

std_logic_vector(3 downto
std_logic_vector(3 downto
std_logic_vector(3 downto
std_logic_vector(3 downto

FIRST_RNG_LEX8

FIRST_RNG_HEXS

FIRST RNG_LEX1 -

FIRST_RNG_HEX1

Select Ref
Select HEX1
Select HEXS8
Select LEX1
Select LEX8

signal First_out :

signal RNG_SEL_RST

signal Lat_ULD O
signal Lat_ULD 1
signal Lat_ULD_2

signal S |

First_range

signal S_Second_range

signal S

Third_range

signal S _Fourth_range

Type Range_ State is

(
Idle,

SM_First_Range,
SM_Second_Range,

SM_Third_

Range,

SM_Fourth_Range

);

oNeoNeoNe]
o/ \/ o/ \/

std_logic_vector(l downto
std_logic_vector(1l downto
std_logic_vector(1 downto
std _logic_vector(1l downto

std_logic_vector(4 downto 0)
std_logic_vector(4 downto 0)
std_logic_vector(4 downto 0)
std_logic_vector(4 downto 0)
std_logic_vector(4 downto 0)

std_logic_vector(4 downto 0) ;

std_logic;

std_logic;
std_logic;
std_logic;

std_logic;
: std _logic;
std_logic;
: std _logic;

Signal Present State, Next State : Range State;

Begin

RNG_SEL_RST <= ( RESET );

-- Range_SM Sequences through the Range State Machine

Range_SM: Process(RESET, DAQ_CLK)

Begin

if (RESET = "1°) then

Present State <= lIdle;
elsit (DAQ _CLK"event and DAQ CLK = "1%) then
Present_State <= Next_State;

"'0001";
''0010";
''0100";
1000 ;

0)
0)
0)
0

00" ;
"o1';
""10";
11t

'*10000";
''01000";
''00100";
''00010";
"'00001";
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end if;
End Process; -- Range_ SM

Set_Range: Process(Next_State, Present_State, INC_RNG, LD RNG_ULD)
Begin

Case Present_State is

When Idle =>
S First_Range <= "07;
S Second_Range <= "0";
S Third _Range <= "07;
S _Fourth_Range <= "07;

if (Ld_RNG_ULD "1") then

Next state <= SM_First_range;
else

Next state <= Idle;
end if;

When SM_First_Range =>

S First _Range <= "17;
S _Second_Range <= "07;
S Third_Range <= "07;
S Fourth_Range <= "07;

if (Inc Rng = "1") then

Next _state <= SM_Second_range;
else

Next_state <= SM_First_range;
end if;

When SM_Second_Range =>

S First_Range <= "07;
S Second_Range <= "17;
S Third_Range <= "0";
S Fourth_Range <= "07;

if (Inc_ Rng = "1%) then
Next_state <= SM_Third_range;
else
Next state <= SM_Second_range;
end if;

When SM_Third_Range =>

S First _Range <= "07;
S _Second_Range <= "07;
S Third_Range <= "17;
S Fourth_Range <= "07;

if (Inc Rng = "1") then

Next _state <= SM_Fourth_range;
else

Next_state <= SM_Third_range;
end if;

When SM_Fourth_Range =>
S First_Range <= "07;
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S Second_Range <= "0";
S Third Range <= "0°;
S _Fourth_Range <= "17;

if (Inc_Rng = "1%) then

Next_state <=
else

Next state <=
end if;

When Others =>

Idle;

SM_Fourth_range;

S First _Range <= "07;
S_Second_Range <= "07;
S Third_Range <= "07;
S Fourth_Range <= "07;

Next state <= Idle;

end case;

end Process; -- Set_Range

-- Next determines which is the first range to output when ENA RNG is not O

Range_determine: process (ENA RNG,Lat ULD O, Lat ULD 1, Lat ULD 2 )

Begin

case ENA RNG is

end case; -- ena_rng

end process;

when "'00" =>
First Out <= Select Ref;
when 01" =>

if ( Lat_ ULD O = "1") then
First Out <= Select LEX1;
else
First Out <= Select LEXS;
end if;
when 10" =
if (Lat_ ULD_2 = "1") then
First Out <= Select HEX1;
else
First Out <= Select HEXS;
end if;
when 11" =
if (Lat ULD 2 = "1%) then
First Out <= Select HEX1;
elsif (Lat ULD_ 1 = "1%) then
First Out <= Select HEX8;
elsif (Lat_ULD 0 = "1%) then
First Out <= Select LEX1;
else
First Out <= Select LEXS;
end if;
when others =>
First Out <= Select_ Ref;
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Mux_range: Process(USE_FRST RNG, OVERWRITE, FIRST_RNG, Rng_sel rst,
First_out, S First_range, S _Second_range,
S Third_range, S _Fourth_Range)

Begin

it (OVERWRITE = "1%) then
if (USE_FRST_RNG = "0") then
RANGE_SEL <= Select_Ref;
else
case FIRST_RNG is
when 00" =>
RANGE_SEL <
when 01" =>
RANGE_SEL <= Select LEX1;
when 10" =>
RANGE_SEL <
when "11" =>
RANGE_SEL <= Select_ HEX1;
when others =>
RANGE_SEL <= Select_ Ref;

Select LEXS;

Select HEXS;

end case;
end if;
else -— OVERWRITE = 0
if (RNG_SEL RST = "1%") then
RANGE_SEL <= Select_ Ref;
else -- OVERWRITE = 0 and RNG_SEL RST = 0

if (S_First range = "1") then
ifT (USE_FRST_RNG = "1") then
case FIRST_RNG is
when *'00" =>
RANGE_SEL <= Select_ LEX8;
when *'01" =>
RANGE_SEL <= Select_ LEX1;
when *'10" =>
RANGE_SEL <= Select_HEX8;
when "'11" =>
RANGE_SEL <= Select_HEX1;
when others =>
RANGE_SEL <= Select_Ref;
end case;
else -- OVERWRITE = 0 and RNG_SEL RST = 0 and USE_FRST RNG = 0O
if (First out = Select LEX8 ) then
RANGE_SEL <= Select_LEX8;
elsift (First_out = Select_LEX1 ) then
RANGE_SEL <= Select LEX1;
elsit (First_out = Select HEX8 ) then
RANGE_SEL <= Select HEX8;

else
RANGE_SEL <= Select_ HEX1;
end if;
end if; -- use frst range =1

elsif ( S_Second _range = "1%) then
iT (USE_FRST_RNG = "1") then
case FIRST_RNG is
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when 00" =>
RANGE_SEL <= Select_ LEX1;
when 01" =>
RANGE_SEL <= Select_HEX8;
when "'10" =>
RANGE_SEL <= Select_HEX1;
when ""11" =>
RANGE_SEL <= Select_LEX8;
when others =>
RANGE_SEL <= Select_Ref;
end case;
else —- OVERWRITE = 0 and RNG_SEL_RST = 0 and USE_FRST_RNG = 0O
if (First_out = Select LEX8 ) then
RANGE_SEL <= Select LEX1;
elsit (First_out = Select LEX1 ) then
RANGE_SEL <= Select_HEX8;
elsif (First_out = Select HEX8 ) then
RANGE_SEL <= Select_ HEX1;

else
RANGE_SEL <= Select_ LEX8;
end if;
end if; -- use frst range =1

elsif ( S_Third_range = "1%) then
it (USE_FRST RNG = "1%) then
case FIRST_RNG is
when "'00" =>
RANGE_SEL <= Select_HEX8;
when "'01" =>
RANGE_SEL <= Select HEX1;
when 10" =>
RANGE_SEL <= Select_LEX8;
when "'11" =>
RANGE_SEL <= Select LEX1;
when others =>
RANGE_SEL <= Select_Ref;
end case;
else -- OVERWRITE = 0 and RNG_SEL_RST = 0 and USE_FRST_RNG = O
if (First_out = Select LEX8 ) then
RANGE_SEL <= Select_HEX8;
elsif (First_out = Select LEX1 ) then
RANGE_SEL <= Select_HEX1;
elsift (First_out = Select_HEX8 ) then
RANGE_SEL <= Select_LEX8;
else
RANGE_SEL <= Select_ LEX1;
end if;
end if; -- use frst _range =1

elsit ( S_Fourth_range 1) then
if (USE_FRST RNG = "1") then
case FIRST_RNG is
when *'00" =>
RANGE_SEL <= Select HEX1;
when "'01" =>
RANGE_SEL <= Select_ LEX8;
when "'10" =>
RANGE_SEL <= Select LEX1;
when "'11" =>
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RANGE_SEL <= Select_HEX8;
when others =>
RANGE_SEL <= Select_Ref;
end case;
else -- OVERWRITE = 0 and RNG_SEL_RST = 0 and USE_FRST_RNG = 0O
if (First out = Select LEX8 ) then
RANGE_SEL <= Select_HEX1;
elsift (First_out = Select_LEX1 ) then
RANGE_SEL <= Select_LEX8;
elsit (First_out = Select HEX8 ) then
RANGE_SEL <= Select_ LEX1;

else
RANGE_SEL <= Select_HEX8;
end if;
end if; -- use frst _range =1

else
RANGE_SEL <= Select_Ref;
end if; -- sm_state= first range
end if; —- rng_sel _rst = 1
end if; -- overwrite = 1

end process;

Dig Outputs: process(RANGE_SEL)
begin

case RANGE_SEL is
when Select LEX8 =>
RANGE_VOLT <= *00";
when Select LEX1 =>
RANGE_VOLT <= "01";
when Select HEX8 =>
RANGE_VOLT <= "10";
when Select HEX1 =>
RANGE_VOLT <= "11";
when others =>
RANGE_VOLT <= "00";
end case;
end process;

Lat ULDs: Process(DAQ_CLK, LD_RNG_ULD,RESET)
Begin
iT(RESET = "1") then
Lat ULD 0 <= "0";
Lat ULD 1 <= "0";
Lat ULD 2 <= "0";
elsif (DAQ _CLK"event and DAQ CLK = "1%) then
if (LD_RNG ULD = "1%) then
Lat_ULD_O <= RNG_ULD(0);
Lat_ULD_1 <= RNG_ULD(1);
Lat_ULD_2 <= RNG_ULD(2);
else
Lat_ULD O <= Lat_ULD O;
Lat ULD 1 <= Lat_ULD 1;
Lat ULD 2 <= Lat_ULD 2;
end if;
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end if;

end process; -- Lat ULDs

end Behavior; -- Range_cntrl
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58 DIG_MUX.VHDL

-- Created by David Nelson Jan 24, 2001
-— Filename: dig_mux.vhd

-— Function: Multiplexor
-- Send DIG_IN out to DIG_DAT OUT if CTRL_SEL is true

-— Send RANGE(0O) to DIG_DAT OUT if CTRL_SEL is false and
-- Tfalse and RNG_SEL(1)

-- Send RANGE(1) to DIG_DAT_OUT if CTRL_SEL is false and RNG_SEL(2)

-— RANGE(3) is undefined.

-- Modifications:

--Library gcfe_vhdl;

Library ieee;

use ieee.std logic _1164.all;

use leee.std logic_unsigned.all;
use gcfe pkg.all;

Entity Dig Mux is
Port (

-— Input signals from CTRL_CONFIG

CTRL_SEL : in std_logic;
CTRL_DATA : in std_logic;
SEL_LOG_ACPT : in std_logic;

-- Input signals from CTRL_ACQ

RNG_SEL_1 : in std_logic;
RNG_SEL O : in std_logic;

-- Input signals from RANGE_CNTRL

RANGE_VOLT : In std _logic vector( 1 downto O );
-— Input signal from RANGE_MUX

LOG_ACPT_LLD : in std_logic;
-— Output to GCRC

DIG_DAT_OUT > buffer std_logic

);

End Dig_Mux;
Architecture Behavior of Dig_Mux is

Begin

HOLD

Data_Mux: process(CTRL_SEL, RNG_SEL_1, RNG_SEL_O, CTRL_DATA,

is
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SEL_LOG_ACPT, LOG_ACPT LLD, RANGE_VOLT)

begin
if (CTRL_SEL = "1") then
DIG_DAT_OUT <= CTRL_DATA;
else
if (SEL_LOG_ACPT = "1%) then
DIG_DAT_OUT <= LOG_ACPT_LLD;
elsit (RNG_SEL_1 = "1%) then
DIG_DAT_OUT <= RANGE_VOLT(1);
elsif
(RNG_SEL_0 = "1") then
DIG_DAT_OUT <= RANGE_VOLT(0);
else
DIG_DAT_OUT <= "0~;
end if;
end if;
end process; -- Data_Mux
end Behavior; -- Dig_Mux
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