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1. Description

ALFE2 is a 4-channel low-noise analog front-end ASIC designed for the readout of the Liquid Argon Calorimeter
in the ATLAS detector on the HL-LHC. ALFE2 comprises four front-end (FE) channels. Each channel contains a
Pre-Amplifier (PA) and a CR-(RC)? shaper (SH). Each shaper has two separate gain paths, Low Gain (LG) and
High Gain (HG). Two different gains can be simultaneously read out to provide full dynamic-range coverage and
the optimum resolution for small signals. ALFE2 includes a Trigger Sum (TS) output. The TS output has a
CR-RC shaper stage with configurable gain and channel switch. Each output of ALFE2 is digitized by an ADC at
a sampling rate of 40 MSPS for continuous readout. ALFE2 integrates a band-gap reference (BGR) voltage and a
DAC to generate bias voltages for the preamplifiers and shapers without any external current sources. ALFE2
implements an I°C target block for slow control and configuration.
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Figure 1: Functional block diagram of ALFE2.

2. Package and pinout

2.1 Package

ALFE?2 is packaged in a Ball Grid Array (BGA) package. Each chip has 14x14 balls with a pitch of 0.80 mm. The
package size is 12 mmx*12 mmx1.473 mm (height). The mechanical drawing of the BGA package is shown in
Figure 2. Photographs of packaged chips are shown in Figure 3. The top left of Figure 3 is the top view of a chip.
The top right of Figure 3 is the bottom view. The bottom of Figure 3 is a tray with 72 chips.

A QR code and three text lines are etched on the top surface of each chip. The nominal and maximum etching
depths are 10 um and 20 pm, respectively. The QR code occupies an 8 mmx8 mm area. The QR code (Version 1)
has 21%x21 modules with a Q redundancy of 25%. The text lines contain the following information:
e The first line is ALFE2 YYWW, where ALFE2 is the ASIC name and YYWW is the date code. YY and
WW represent the year 20YY and the week index of the year when the chip is packaged.
e The second line is BNL/IN2P3, the institutes of ASIC developers.
e The last line is the serial number. The serial number is composed of a lot number from 001 to 999 and a
serial number in the lot from 00001 to 99999. The lot number and the serial number in the lot are
separated with a hyphen.



PARALLEL TO PRIMARY DATUM G.

4 | L] h 4 2 I 1
CONFIDENTIAL
bt e e . ot ey 078 G s
(2x) i oy et e S R
e #To20[e]
A1 BALL 10400
PAD CORMER %, 12.000 E -= 0800 REF 0800 REF—= b= A1 BALL
PN a0 rer || PAD CORNER
\o | Ir 3".,' » |[&docoodooooooalt
' f bl : | 000CO00C000D08
| \ b/ ] ooocooo|ooooooo
. o | CDOCOOONO0C000 (8
] D ETAILA r | CDOC0OQ0000000 (|2
b r | C00OCO00DO0C000
+ L 1 B dlb « 100006000:0000000 |
B ] v TODO0D000000000
: b + | 0000000000000
i b « | 000C0000000000
b . | 0000000000000
| b v | 0000000000000
| b » | 0DO0ODOOWODC00O
| ) : Dooooop}oooooeﬂ——*—l
! EEE ! ]
{196
Sl A B W e
m EE " 12 " L] L] a 2 w
- :
TOP VIEW SIDE VIEW BOTTOM VIEW °
NOTES:
- DIMENSION | MINIMUR | NOMNAL | Maxineun 1. All CIMENSIONS AND TGLERANGE CONFORM TG ASME ¥'14,5M-2018,
e —, 2 TERMINAL POSITIONS DESIGNATIGN PER JESD 85.
~ -~ A — | 1473 | 1.700
-~ “ ORNER DETAILS PER STATS GhipPAG GPTION.
Ve ™, Al 0343 | 0,383 | D443
. . éym 1 IDENTIFIER GAN BE CHAMFER, INK MARK, LASERED MARK, METALLIZED MARK.
; P A2 1.030 | 1080 | 1.130
! \ ‘I’- b 0450 | 0.500 | 0.550 &&meereamennermw.
| NUMBER OF BALL 196 ME"SIDN B IS MEASURED AT THE MAXIMUM SOLDER BALL DIAMETER
f

.I ]
N 5 9 1 5 5 0 1 5 o

T. USING @0.500MM RAW SOLDER BALL SIZE DURING ASSEMBLY.

- - & | el reveaen, sezvEer | LA | LR | RLSUN | swiee
N . L . ECH REV DESCHPTION DATE DESIGNED| DRAWK | CHECHED |APPROVED|
TIFLE 2 PACKAGE OUTLINE DRAWING
DETAIL A G JCET LFBGA 12.00mm X 12.00mm,
ROTATED 90° 0.80mm PITCH, 196LD
S s e e E‘@ DRAWING NUMBER: REV | SHEET
P SE [ sCAE 063231G A |[10F1
MW T a3 | wTs
4 3 A 2 | FILE NAME:  omi2m15.4_onacs

Figure 2. Mechanical drawing of the BGA package of ALFE2.
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Figure 3. Photographs of packaged ALFE2 chips. The top left is the top view of a chip. The top right is the bottom
view. The bottom is a tray with 72 chips.



2.2 Pinout (top view, balls down)
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Figure 4. ALFE2 pinout (top view, balls down).

2.3 Pin list (by pin position)

Table 1. Pin list (by pin position)
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Ball pos Pin name Type Description
Al VSS_GND Power ground
A2 NIMA2P5 PA<0> Power external bias current
A3 VB_FC_PA<0> Power external bias voltage
A4 VB FC SH Power external bias voltage
A5 NSUA_SH<0> Power external bias current
A6 NI1UA SH<0> Power external bias current
A7 12C_RSTB Digital input I2C reset, active low
A8 CK40 P Digital input 12C clock input, positive
A9 CK40 N Digital input 12C clock input, negative
Al10 12C_SDA Digital I/O 12C data, open drain
All 12C_SCL Digital input 12C clock
Al2 12C En Digital input Not connected




Al3 VSS GND Power ground

Al4 VSS GND Power ground

Bl IN<0> Analog input analog input channel 0

B2 VSS GND Power ground

B3 VCM PA Power external bias voltage

B4 VB_IB_SH Power external bias voltage

BS NSUA_ SH<I> Power external bias current

B6 NIUA_SH<I> Power external bias current

B7 12C_ERROR Digital output 12C error state

B8 VB_CMFB_SH Power external bias voltage

B9 VB_NAB_SH Power external bias voltage

B10 VDDIP2_SH_LG Power Power, 1.2 V, shaper, low gain

Bl11 VDDIP2 SH LG Power Power, 1.2V, shaper, low gain

B12 VSS GND Power ground

BI13 OUTP_LG<0> Analog output Analog output, low gain, channel 0, positive
B14 OUTN LG<0> Analog output Analog output, low gain, channel 0, negative
Cl IN<0> Analog input analog input channel 0

C2 VSS_GND Power ground

C3 VDDI1P2 PA Power Power, 1.2V, PA

C4 NIMA2P5_PA<I> Power external bias current

CS VB_FC_PA<I> Power external bias voltage

Cé6 vb_fb0_idcp_pa Power external bias voltage

C7 nlmAi sh Power external bias current

C8 VB _PAB_SH Power external bias voltage

C9 VSS_GND Power ground

C10 VDDIP2_SH_HG<0> | Power Power, 1.2 V, shaper, high gain, channel 0
Cl1 VDDIP2_SH _HG<0> | Power Power, 1.2 V, shaper, high gain, channel 0
C12 VSS GND Power ground

C13 OUTP_HG<0> Analog output Analog output, high gain, channel 0, positive
Cla OUTN_HG<0> Analog outut ﬁerg:toi%eoutput, high gain, channel 0,

D1 VSS GND Power ground

D2 VDDI1P2 PA Power Power, 1.2V, PA

D3 VDDI1P2_PA Power Power, 1.2V, PA

D4 VSS_GND Power ground

D5 VDD2P5 ESD TOP Power Power, 2.5 V, ESD, bottom

D6 VDD2P5 PA Power Power, 2.5V, PA

D7 VB_IT SH Power external bias voltage

D8 VDDI1P2 DAC Power Power 1.2 V, DAC

D9 VDDI1P2 12C Power Power, 1.2V, 12C




D10 VSS_GND Power ground

D11 VSS_GND Power ground

D12 vem_sh Power external bias voltage

D13 VSS GND Power ground

D14 VSS_GND Power ground

El IN<1> Analog input analog input channel 1

E2 VSS_GND Power ground

E3 VDDIP2 PA Power Power, 1.2V, PA

E4 plmAi_2p5_pa Power external bias current

E5 PA_ESD Power Power ESD, PA

E6 VDD2P5 PA Power Power, 2.5V, PA

E7 VSS GND Power ground

ES8 VDDI1P2 DAC Power Power, 1.2V, DAC

E9 VDDI1P2 12C Power Power, 1.2V, 12C

E10 VDDI1P2_SH HG<I> | Power Power, 1.2 V, shaper, high gain, channel 1
Ell VDDIP2 SH HG<I> | Power Power, 1.2 V, shaper, high gain, channel 1
E12 VSS_GND Power ground

E13 OUTP_HG<I> Analog output | Analog output, high gain, channel 1, positive
El4 OUTN HG<I> Analog output r/lngaig%eoutput, high gain, channel 1,

F1 IN<1> Analog input analog input channel 1

F2 VSS_GND Power ground

F3 VDDI1P2 PA Power Power, 1.2V, PA

F4 VDDI1P2 PA Power Power, 1.2V, PA

F5 VSS_GND Power ground

F6 VDD2P5 PA Power Power, 2.5V, PA

F7 VSS_GND Power ground

F8 p5uA_sh<1> Power external bias current

F9 pSuA_sh<0> Power external bias current

F10 VDDIP2_SH LG Power Power, 1.2 V, shaper, low gain

F11 VDDIP2 SH LG Power Power, 1.2 V, shaper, low gain

F12 VSS_GND Power ground

F13 OUTP_LG<I> Analog output Analog output, low gain, channel 1, positive
F14 OUTN_LG<I1> Analog output Analog output, low gain, channel 1, negative
Gl VSS_GND Power ground

G2 nlmA2p5 pa<0> Power external bias current

G3 vb it pa Power external bias voltage

G4 VDDI1P2 PA Power Power, 1.2 'V, PA

G5 VSS GND Power oround

G6 VDD2P5_PA Power Power, 2.5 V, PA




G7 VSS_GND Power ground
G8 VSS_GND Power ground
G9 plOuA_sh<1> Power external bias current
G10 plOuA sh<0> Power external bias current
Gl11 VDDI1P2 SH TS Power Power, 1.2 V, shaper, trigger sum
G12 VDDI1P2_SH_TS Power Power, 1.2 V, shaper, trigger sum
G13 VSS_GND Power ground
Gl14 VSS GND Power ground
H1 VSS_GND Power ground
H2 vb_ib_pa Power external bias voltage
H3 nlmAi_pa Power external bias current
H4 VDDIP2_PA Power Power, 1.2 V, PA
H5 VSS_GND Power ground
Ho6 VDD2P5_PA Power Power, 2.5 V, PA
H7 VSS GND Power ground
H8 pluA_sh<l> Power external bias current
H9 pluA_ sh<0> Power external bias current
H10 VDDI1P2_SH LG Power Power, 1.2 V, shaper, low gain
H11 VDDIP2 SH LG Power Power, 1.2 V, shaper, low gain
H12 VSS GND Power ground
H13 OUTP_LG<2> Analog output Analog output, low gain, channel 2, positive
H14 OUTN_LG<2> Analog output | Analog output, low gain, channel 2, negative
1 IN<2> Analog input analog input channel 2
J2 VSS GND Power ground
I3 VDDI1P2 PA Power Power, 1.2 V, PA
J4 VDDI1P2 PA Power Power, 1.2V, PA
J5 VSS GND Power ground
J6 VDD2P5 PA Power Power, 2.5V, PA
17 VSS_GND Power ground
J8 VSS_GND Power ground
J9 VSS GND Power ground
J10 VDDIP2 SH HG<2> | Power Power, 1.2 V, shaper, high gain, channel 2
J11 VDDIP2_SH HG<2> | Power Power, 1.2 V, shaper, high gain, channel 2
J12 VSS_GND Power ground
J13 OUTP_HG<2> Analog output Analog output, high gain, channel 2, positive
114 OUTN HG<2> Analog output Iz?er;z;lgig/eoutput, high gain, channel 2,
K1 IN<2> Analog input analog input channel 2
K2 VSS GND Power ground
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K3 VDDI1P2 PA Power Power, 1.2V, PA
K4 VSS GND Power ground
K5 PA_ESD Power Power ESD, PA
K6 VDD2P5_PA Power Power, 2.5 V, PA
K7 SH ESD Power Power ESD, shaper
K8 VSS GND Power ground
K9 VSS_GND Power ground
K10 VSS_GND Power ground
K11 VSS GND Power ground
K12 ext_vref dac Power External reference voltage
K13 VSS_GND Power ground
K14 VSS_GND Power ground
L1 VSS_GND Power ground
L2 VDDIP2 PA Power Power, 1.2V, PA
L3 VDDI1P2 PA Power Power, 1.2 V, PA
L4 VSS_GND Power ground
L5 VDD2P5_ESD_BOT [ Power Power, 2.5 V, ESD, bottom
L6 VDD2P5 PA Power Power, 2.5V, PA
L7 SH ESD Power Power ESD, shaper
L8 VSS_GND Power ground
L9 VSS GND Power ground
L10 VDDIP2 SH HG<3> | Power Power, 1.2 V, shaper, high gain, channel 3
L11 VDDIP2_SH HG<3> | Power Power, 1.2 V, shaper, high gain, channel 3
L12 VSS_GND Power ground
L13 OUTP_HG<3> Analog output Analog output, high gain, channel 3, positive
L4 OUTN HG<3> Analog output Iz?er;z;lgig/eoutput, high gain, channel 3,
M1 IN<3> Analog input analog input channel 3
M2 VSS_GND Power ground
M3 VDDIP2_PA Power Power, 1.2 V, PA
M4 NIMA2P5_PA<1> Power external bias current
M35 vb_fb0_idcp_pa Power external bias voltage
M6 VSS_GND Power ground
M7 VSS GND Power ground
M8 NSUA SH<0> Power external bias current
M9 N1UA SH<0> Power external bias current
MI10 VDDI1P2 SH LG Power Power, 1.2 V, shaper, low gain
MI1 VDDIP2_SH LG Power Power, 1.2 V, shaper, low gain
MI12 VSS GND Power oround
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M13 OUTP_LG<3> Analog output Analog output, low gain, channel 3, positive
Ml14 OUTN_LG<3> Analog output | Analog output, low gain, channel 3, negative
N1 IN<3> Analog input analog input channel 3
N2 VSS GND Power ground
N3 VDDI1P2 PA Power Power, 1.2 V, PA
N4 VCM_PA Power external bias voltage
N5 VB _IB SH Power external bias voltage
N6 VB_FC_SH Power external bias voltage
N7 VB _NAB_SH Power external bias voltage
N8 VB_PAB_SH Power external bias voltage
N9 PSUA_SH<0> Power external bias current
N10 VCM SH Power external bias voltage
N11 12C_ADDR<2> Digital input 12C address input, bit 2
N12 12C_ADDR<3> Digital input 12C address input, bit 3
N13 VSS GND Power ground
N14 VSS_GND Power ground
P1 VSS_GND Power ground
P2 NIMA2P5_PA<0> Power external bias current
P3 VB_FC PA<I]> Power external bias voltage
P4 VB_FC_PA<0> Power external bias voltage
P5 VB_CMFB_SH Power external bias voltage
P6 N10UA_SH<I> Power external bias current
P7 NIOUA_SH<0> Power external bias current
P8 VB _IT SH Power external bias voltage
P9 PIUA_ SH<0> Power external bias current
P10 12C_ADDR<0> Digital input 12C address input, bit 0
P11 12C_ADDR<I> Digital input 12C address input, bit 1
P12 VSS_GND Power ground
P13 OUTP_SUM Analog output Analog output, trigger sum, positive
P14 OUTN_SUM Analog output Analog output, trigger sum, negative

2.4 Pin list (by pin names)

Table 2. Pin list (by pin names)

Ball pos Pin name Type Description
A9 CK40 N Digital input 12C clock input, negative
A8 CK40 P Digital input 12C clock input, positive
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K12 ext_vref dac Power External reference voltage

P10 12C_ADDR<0> Digital input 12C address input, bit 0

P11 12C_ADDR<I> Digital input 12C address input, bit 1
N11 12C_ADDR<2> Digital input 12C address input, bit 2
N12 12C_ADDR<3> Digital input 12C address input, bit 3
Al12 [2C En Digital input Not connected

B7 [12C_ERROR Digital output 12C error state

A7 I2C_RSTB Digital input I2C reset, active low
All 12C_SCL Digital input 12C clock
Al10 I2C_SDA Digital I/O 12C data, open drain

Bl IN<0> Analog input analog input channel 0

C1 IN<0> Analog input analog input channel 0

El IN<1> Analog input analog input channel 1

F1 IN<1> Analog input analog input channel 1

J1 IN<2> Analog input analog input channel 2

K1 IN<2> Analog input analog input channel 2

M1 IN<3> Analog input analog input channel 3

N1 IN<3> Analog input analog input channel 3

P7 N10UA_SH<0> Power external bias current

P6 NIOUA_SH<I> Power external bias current

A2 NIMA2P5 PA<0> Power external bias current

G2 nlmA2p5_pa<0> Power external bias current

P2 NIMA2P5 PA<0> Power external bias current

C4 NIMA2P5 PA<I> Power external bias current

M4 NIMA2P5_PA<1> Power external bias current

H3 nlmAi pa Power external bias current

C7 nlmAi sh Power external bias current

A6 NIUA_SH<0> Power external bias current

M9 NIUA_SH<0> Power external bias current

B6 NI1UA_SH<I> Power external bias current

A5 NSUA_ SH<0> Power external bias current

M8 NSUA_SH<0> Power external bias current

BS5 NSUA_SH<I1> Power external bias current
Cla OUTN_HG<0> Analog output ﬁer;e:toi%eoutput, high gain, channel 0,
El4 OUTN HG<I> Analos outut Iz?er;aigig/eoutput, high gain, channel 1,
114 OUTN HG<2> Analog output ﬁerlga;lg%eoutput, high gain, channel 2,
L4 OUTN HG<3> Analog output, high gain, channel 3,

Analog output

negative
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Analog output, low gain, channel 0,

Bl4 OUTN_LG=<0> Analog output negative

Fl4 OUTN LG<1> Analog outpu ﬁer;a:g%eoutput, low gain, channel 1,

H14 OUTN LG<2> Analo outhut Il?eng;:llggeoutput, low gain, channel 2,
Mi4 OUTN_LG<3> Analog outpu ﬁerzlge:g%eoutput, low gain, channel 3,

P14 OUTN_SUM Analog output Analog output, trigger sum, negative

Cl3 OUTP_HG<0> Analo outhat S:Sai.g)vgeoutput, high gain, channel 0,

B3 OUTP HG<I> Analog outbut s(ils?i?\ioutput’ high gain, channel 1,

13 OUTP HG<2> Analo outhat ﬁ;l;ﬂ;)\;geoutput, high gain, channel 2,

L13 OUTP HG<3> Analog outout I/)%;lsaﬂ?vgeoutput, high gain, channel 3,

B13 OUTP_LG<0> Analog output Analog output, low gain, channel 0, positive
F13 OUTP_LG<I1> Analog output Analog output, low gain, channel 1, positive
H13 OUTP_LG<2> Analog output Analog output, low gain, channel 2, positive
M13 OUTP LG<3> Analog output Analog output, low gain, channel 3, positive
P13 OUTP_SUM Analog output Analog output, trigger sum, positive

G10 plOuA_sh<0> Power external bias current

G9 plOuA_sh<l> Power external bias current

E4 plmAi 2p5 pa Power external bias current

H9 pluA_sh<0> Power external bias current

P9 P1UA_SH<0> Power external bias current

H8 pluA sh<l> Power external bias current

F9 p5uA_sh<0> Power external bias current

N9 PSUA_SH<0> Power external bias current

F8 pSuA sh<1> Power external bias current

E5 PA_ESD Power Power ESD, PA

K5 PA ESD Power Power ESD, PA

K7 SH ESD Power Power ESD, shaper

L7 SH ESD Power Power ESD, shaper

B8 VB CMFB SH Power external bias voltage

P5 VB CMFB SH Power external bias voltage

C6 vb_fb0_idcp_pa Power external bias voltage

M35 vb_fb0_idcp pa Power external bias voltage

A3 VB_FC_PA<0> Power external bias voltage

P4 VB_FC_PA<0> Power external bias voltage

C5 VB _FC PA<I> Power external bias voltage

P3 VB FC PA<1> Power external bias voltage
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A4 VB _FC_SH Power external bias voltage

N6 VB _FC SH Power external bias voltage

H2 vb_ib _pa Power external bias voltage

B4 VB_IB_SH Power external bias voltage

N5 VB _IB_SH Power external bias voltage

G3 vb_it pa Power external bias voltage

D7 VB _IT SH Power external bias voltage

P8 VB_IT SH Power external bias voltage

B9 VB _NAB_SH Power external bias voltage

N7 VB_NAB_SH Power external bias voltage

C8 VB PAB SH Power external bias voltage

N8 VB PAB SH Power external bias voltage

B3 VCM PA Power external bias voltage

N4 VCM PA Power external bias voltage
D12 vem: sh Power external bias voltage
N10 VCM_SH Power external bias voltage

D8 VDDI1P2 DAC Power Power 1.2 V, DAC

ES8 VDDI1P2 DAC Power Power, 1.2 V, DAC

D9 VDDI1P2 12C Power Power, 1.2V, 12C

E9 VDDIP2_12C Power Power, 1.2V, 12C

C3 VDDI1P2 PA Power Power, 1.2 V, PA

D2 VDDI1P2_PA Power Power, 1.2V, PA

D3 VDDI1P2_PA Power Power, 1.2V, PA

E3 VDDIP2 PA Power Power, 1.2V, PA

F3 VDDI1P2 PA Power Power, 1.2 V, PA

F4 VDDIP2 PA Power Power, 1.2 V, PA

G4 VDDI1P2 PA Power Power, 1.2 'V, PA

H4 VDDIP2 PA Power Power, 1.2V, PA

I3 VDDI1P2 PA Power Power, 1.2 V, PA

J4 VDDI1P2 PA Power Power, 1.2V, PA

K3 VDDI1P2_PA Power Power, 1.2V, PA

L2 VDDIP2 PA Power Power, 1.2V, PA

L3 VDDI1P2 PA Power Power, 1.2 V, PA

M3 VDDI1P2_PA Power Power, 1.2V, PA

N3 VDDI1P2_PA Power Power, 1.2V, PA

C10 VDDIP2 SH HG<0> | Power Power, 1.2 V, shaper, high gain, channel 0
C11 VDDIP2_SH HG<0> | Power Power, 1.2 V, shaper, high gain, channel 0
E10 VDDIP2 SH HG<I> | Power Power, 1.2 V, shaper, high gain, channel 1
Ell VDDI1P2_SH HG<I> | Power Power, 1.2 V, shaper, high gain, channel 1
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J10 VDDI1P2 _SH HG<2> | Power Power, 1.2 V, shaper, high gain, channel 2
I VDDIP2_SH_HG<2> | Power Power, 1.2 V, shaper, high gain, channel 2
L10 VDDI1P2_SH HG<3> | Power Power, 1.2 V, shaper, high gain, channel 3
L1l VDDIP2 SH HG<3> | Power Power, 1.2 V, shaper, high gain, channel 3
B10 VDDI1P2 SH LG Power Power, 1.2 V, shaper, low gain
Bl11 VDDI1P2_SH LG Power Power, 1.2 V, shaper, low gain
F10 VDDIP2 SH LG Power Power, 1.2 V, shaper, low gain
F11 VDDIP2_SH_LG Power Power, 1.2 V, shaper, low gain
H10 VDDI1P2 SH LG Power Power, 1.2 V, shaper, low gain
H11 VDDI1P2_SH LG Power Power, 1.2 V, shaper, low gain
MI10 VDDIP2 SH LG Power Power, 1.2 V, shaper, low gain
MI1 VDDIP2_SH_LG Power Power, 1.2 V, shaper, low gain
Gl1 VDDI1P2 SH TS Power Power, 1.2V, shaper, trigger sum
G12 VDDI1P2 SH TS Power Power, 1.2V, shaper, trigger sum
L5 VDD2P5_ESD_BOT | Power Power, 2.5 V, ESD, bottom
D5 VDD2P5 ESD TOP Power Power, 2.5V, ESD, bottom
D6 VDD2P5 PA Power Power, 2.5V, PA
E6 VDD2P5_PA Power Power, 2.5 V, PA
F6 VDD2P5 PA Power Power, 2.5V, PA
G6 VDD2P5 PA Power Power, 2.5V, PA
H6 VDD2P5 PA Power Power, 2.5V, PA
J6 VDD2P5_PA Power Power, 2.5 V, PA
K6 VDD2P5 PA Power Power, 2.5V, PA
L6 VDD2P5 PA Power Power, 2.5V, PA
Al VSS_GND Power ground
Al3 VSS_GND Power ground
Al4 VSS GND Power ground
B2 VSS GND Power ground
B12 VSS_GND Power ground
C2 VSS_GND Power ground
C9 VSS GND Power ground
C12 VSS GND Power ground
D1 VSS_GND Power ground
D4 VSS_GND Power ground
D10 VSS GND Power ground
D11 VSS GND Power ground
D13 VSS_GND Power ground
D14 VSS_GND Power ground
E2 VSS_GND Power ground
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E7 VSS GND Power oround
E12 VSS_GND Power ground
F2 VSS_GND Power ground
F5 VSS GND Power ground
F7 VSS_GND Power ground
F12 VSS_GND Power ground
Gl VSS GND Power ground
G5 VSS GND Power ground
G7 VSS_GND Power ground
G8 VSS_GND Power ground
G13 VSS_GND Power ground
Gl14 VSS GND Power ground
H1 VSS_GND Power ground
H5 VSS_GND Power ground
H7 VSS GND Power ground
H12 VSS GND Power ground
12 VSS_GND Power ground
IS VSS_GND Power ground
J7 VSS GND Power ground
J8 VSS GND Power ground
J9 VSS_GND Power ground
J12 VSS_GND Power ground
K2 VSS_GND Power ground
K4 VSS GND Power ground
K8 VSS_GND Power ground
K9 VSS_GND Power ground
K10 VSS GND Power ground
K11 VSS GND Power ground
K13 VSS_GND Power ground
K14 VSS GND Power ground
L1 VSS GND Power ground
L4 VSS_GND Power ground
L8 VSS_GND Power ground
L9 VSS GND Power ground
L12 VSS GND Power ground
M2 VSS_GND Power ground
M6 VSS_GND Power ground
M7 VSS GND Power ground
M12 VSS GND Power ground
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N2 VSS_GND Power ground
N13 VSS_GND Power ground
N14 VSS GND Power ground

P1 VSS GND Power ground
P12 VSS_GND Power ground

3. Electrical interface

ALFE2 power domains are listed in Table 3. The shaper power supply is split into the HG, LG, and TS branches
on ALFE2. This is to mitigate potential crosstalk from the HG branch to the LG and SUM branches when the HG
branch saturates. Since there are internal connections (current mirrors) among the HG, LG, and TS branches, it is
critical to connect Pins VCC1V2 SH LG/HG/TS together to the same power plane. Any voltage difference
among these pins will be amplified and appear as the noise at the output stage of ALFE2. The I12C and DAC may
be optionally isolated from the 1.2 V power plane with a ferrite bead (tests on the ALFE2 prototype board did not
yield any performance difference).

Table 3. Power domains of ALFE2

. Nominal .
Pin names Voltage (V) Current (mA) Domain Notes
VCC1V2 DAC 1.2 Internal DAC supply.
5 Digital
VCC1V2 12C 1.2 12C block supply.
VCCIV2_PA 1.2 85 1.2 VPA | PAinput stage
VCC2V5 PA 25 102 25V PA PA output stage. Inc.reases by ~3mA
- for 25 Q configuration
VCC1V2 SH LG 101 Shaper low-gain channels
VCC1V2_SH HG 12 91 Shaper Shaper high-gain channels
VCCIV2 SH TS 18 Shaper trigger sum. Ipcreases by ~4
- = mA when channel gains are set to 3.

ALFE2 needs three currents, each with a nominal value of 1 mA, to properly bias its internal circuits. The power
consumption of ALFE2 is linearly dependent on these bias currents. ALFE2 contains an internal triple-channel
6-bit DAC and a BGR to generate the DAC reference voltage for ALFE2 bias. This is the intended mode of
operation. The user may indirectly monitor the currents of the PA 1.2 V, PA 2.5 V, and shaper 1.2 V domains by
measuring the voltage on Pins nlmAi_pa, plmAi 2p5 pa, and nlmAi_sh, respectively. ALFE2 can use external
bias currents. The user may also choose to bypass the BGR and externally provide a DAC reference voltage on
the ext vref dac pin. This is intended for test purposes. The block diagram of the bias network and external
circuits is shown in Figure 5.
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Figure 5. Block diagram of the bias network and external circuits.

4. 12C interface

4.1 12C protocol

The ALFE2 chip has 16 8-bit internal registers. These registers can be written or read via an 12C interface. Each
register has an address from 0 to 15 (4’hF). The definition of the registers is listed in Section 4.2.

These registers cannot be written or read directly. Instead, the internal registers are accessed via eight control
registers. The block diagram of the I2C target functional block is shown in Figure 6. To access the control register,
the 12C address is defined as {ADDR[3:0], Retrl [2:0], R/W}. The address pins ADDR[3:0] are the four Most
Significant Bits (MSBs). The last LSB (R/W) is 1 for a read operation or 0 for a write operation. The remaining
three bits Rctrl[2:0] select one of eight control registers (from RO to R7). The control registers are defined in

Table 4.
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Figure 6. Block diagram of Internal 12C functional block.
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Table 4. Functions of control registers (R0—-R7).

Retrl[2:0] Functions of control registers (the meaning of the following byte)
000 (RO) Register address (LSB byte)
001 (R1) Register address (MSB byte) (8’HO0O since ALFE2 has only 16 registers)
010 (R2) Data byte
011 (R3) Data byte with automatic address increment after each access
100-111 (R4-R7) | Reserved

The 12C interface of ALFE2 has two operational modes. One can access a single register or multiple consecutive
registers. In the former mode, one writes a byte to a single register to read a byte from a register. In the latter
mode, one writes or reads a register block. After each writing or reading, the internal register address
automatically increases for the following writing or reading.

The procedure of writing a byte to a single register is shown in Figure 7. The procedure of writing a single
register includes three I2C operations. Each operation has the following steps:
1) The controller transmits a START command (marked as S in the figure).
2) The controller transmits four address pins, three bits to select RO, R1, or R2, and the 8th R/W bit that is
set to zero (write).
3) The ALFE2 acknowledges if its target address is identified (marked as A in the figure). If no target
acknowledges (NA), the controller transmits a STOP command to end the operation.
4) The controller transmits a byte to Register RO, R1, or R2.
5) The ALFE2 acknowledges if its target address is identified.
6) The controller transmits a STOP command (marked as P in the figure).
In the figure, the commands in green are controlled by the controller, while the commands in blue are controlled
by the target. To set a specific 8-bit word in the chip, the user must write in the RO register and in the R1 register
to select the register address, and then write the data in the R2 register.
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[ s | Devaddr3o] | ooo,ro [w[A] Reg_Addr[7:0] [a]r]
[ s | Devaddr3o) | ooL,Rl [w[A] 8'b0000_0000 [a]r]
[ s | Devaddr3o) | o1,z [w[A] Byte_to_be_writtten[7:0] [a]r]

Figure 7. Procedure to write a single register.

An example waveform of writing a byte of 9 to Chip address 5, Register 4 is shown in Figures 8—11. Figure 8
shows the waveform on an oscilloscope. Figures 9—11 display zoomed waveforms. The data in the RO register are
the register address of 4. The data in the R1 register are 0. The data in the R2 register are the value (0x09) one
wants to write into the register.

SCL
SDA

RO R1 R2

Figure 8. Oscilloscope waveform of an 12C write frame.
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Figure 9: Zoomed waveform of the Register RO
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Figure 10: Zoomed waveform of the Register R1
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Figure 11. Zoomed waveform of the Register R2.

The procedure of reading a byte from a single register is shown in Figure 12. The procedure of reading a single
register includes three 12C operations. To read a byte from a specific register, one must write in the RO register
and in the R1 register to select the register, and then read the data from the R2 register.

[ A ] Reg_Addr[7:0] Al
[ ]

8'b0000_0000 [a]r]

Figure 12. Procedure to write a single register.

| s | Devaddr3a:o) | ooomo |w
| s | Devaddrz:o) | oorLmr |w
| 5 | Devaddra:o) | owo,Rz | R

An example of reading a byte from Chip address 5, Register 9 is shown in Figures 13—16. Figure 13 shows the
waveform on an oscilloscope. Figures 14—16 display zoomed waveforms. The data in the RO register is the
register address of 9. The data in the R1 register are 0. The data in the R2 register are the value (0x73) that is read
back.

SCL
SDA

RO R1 R2

Figure 13. Oscilloscope signals of frame READ.

Figure 14. ZOOM on the Register RO
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Figure 15. ZOOM on the Register R1.
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Figure 16. ZOOM on the Register R2.

The user can also write or read at consecutive register addresses. In this mode, rather than writing or reading the
R2 register, the user successively writes or reads the R3 register. The procedure of writing or reading in
consecutive addresses is shown in Figures 17 and 18.

Figure 17. Procedure of consecutive write operations.
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Figure 18. Procedure of consecutive read operations.

4.2 Register map

ALFE2 uses unary coding or thermometer code for most of its control registers. The remaining bits directly
interface with the ALFE2 circuits (e.g., enable signal).

Some ALFE2 control registers are split into multiple registers. Therefore, multiple 12C transactions are necessary
to access them. An example of an ALFE2 control register being split into two registers is shown in Figure 19.

I12C register Ox01 I12C register Ox00

2 bits 4 bits

8 bits 8 bits

ALFE2 6 bit control register,
split in 12C address 0x00 and
0x01

Figure 19. Example of an ALFE?2 register being split into two registers. The highlighted bits do not correspond to an actual
ALFE?2 register.

Register 0x00

Address Control Name Description Bits Default after reset

0x00 ch_pwr Channel power down register. Each bit | [3:0] 0x0
represents one channel.

0b0  channel is powered on

Obl  channel is powered off

The most significant bit of the register
corresponds to channel 3.

[ CH3, CH2, CH1, CHO]

pa fb r0 Sets the preamplifier feedback [5:4] 0b01
resistance #0. Used to switch between
50 Q and 25 Q modes.
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0b01 50 Q mode
0bll 25 Q mode

pa_fb cO

Sets the preamplifier feedback

capacitance #0. Used to switch
between 50 Q and 25 Q modes.
0b01 50 Q mode

Obll 25 Q mode

[7:6]

0b01

Register 0x01

Address

Control Name

Description

Bits

Default after reset

0x01

pa_out offset

Sets the offset current at the
preamplifier output. Used to switch
between 50 Q and 25 Q modes.
0x1 50 Q mode

0xF 25 Q mode

[3:0]

0x1

pa_fb cl

Sets the preamplifier’s feedback
capacitance #1. Used to switch
between 50 Q and 25 Q modes.
0b01 50 Q mode

Obll 25 Q mode

[5:4]

0b01

imped_coarse

Input impedance coarse tuning. Used
to switch between 50 Q and 25 Q
modes.

0b1l 50 Q mode

0b00 25 Q mode

[7:6]

Obl11

Registers 0x0

2, 0x03, 0x04

Address

Control Name

Description

Bits

Default after reset

0x02,
0x03,
0x04

imped_fine

Input impedance fine tuning. The tuning of
the input impedance is done to account for
process variations that might affect the
input impedance of the chip. The register
uses unary coding. Only 22 different values
are possible. The register is split between 3
12C addresses. To read/write this register
all these registers must be accessed.
0x0007FF 50 Q mode

0x000FFF 25 Q mode

0x04: [4:0]
0x03: [7:0]
0x02: [7:0]

0x0000FF
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Registers 0x04, 0x05, 0x06

Address Control Name | Description Bits Default after reset
0x04 pa fb rl Sets the preamplifier feedback resistance [5] Obl
#1. Used to switch between 50 Q and 25 Q
modes.
Obl 50 Q mode
0b0 25 Q mode
0x04, pa_output_dc Fine adjustment of the preamplifier output | 0x05: [5:0] | Ox1F
0x05 DC level. 0x04: [7:6]
0x05, sh pt Adjusts the shaper peaking time. The 0x06: [7:0] | 0xO1F
0x06 register uses unary coding. Only 11 values | 0x05: [7:6]
are possible.
Registers 0x07, 0x08
Address | Control Name Description Bits Default after reset
0x07 en_sh lg gain b | Tune the LG output gain on the shaper [0] 0b0
00st stage. This option is intended to be used
for the 25 Q configuration. This option
does not affect the high-gain outputs. The
peaking time is slightly affected.
Obl Enable gain boost
0b0 Disable gain boost
0x07, sh_output_dc Adjusts the DC level of the output pins. 0x08: [7:0] | OxO3FF
0x08 The register uses unary coding. Only 16 | 0x07: [7:1]
different DC levels are possible.
Register 0x09
Address | Control Name Description Bits Default after reset
0x09 sh_sum pwr Sum power down register. [0] 0b0
0b0  sum is powered on
Obl  sum is powered off
sh sum_gain chO | Individual control of the gain of each [3:1] 0b001
channel for the sum output. The register
sh_sum_gain_chl | uses unary coding. Only 4 different [6:4] 0b001
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values are possible.

Register 0x09 (continued), 0x0A, 0x0B, 0x0C

Address Control Name Description Bits Default after reset
0x09, sh_sum_gain ch2 | Individual control of the gain of each 0x0A: [1:0] | 0b0O01
0x0A channel for the sum output. The register | 0x09: [7]
uses unary coding. Only 4 different
0x0A sh_sum_gain_ch3 | values are possible. [4:2] 0b001
0x0A, sh_sum_output Adjusts the DC level of the sum pin. The | 0x0C: [3:0] | Ox03FF
0x0B, register uses unary coding. Only 16 0x0B: [7:0]
0x0C different DC levels are possible. 0x0A: [7:5]
Register 0x0C (continued), 0x0D, 0x0E
Address Control Name | Description Bits Default after reset
0x0C, dacn0_cur Tuning of the current source bias current 0x0D: [1:0] | 0x30
0x0D (1V2 PA domain). Tuning may be 0x0C: [7:4]
necessary due to process variations. This
register uses binary format.
0x0D dacnl cur Tuning of the current source bias current [7:2] 0x30
(1V2 SH and SUM domain). Tuning may
be necessary due to process variations.
This register uses binary format.
0x0E dacpl_cur Tuning of the current sink bias current [5:0] 0xOF
(2V5 PA domain). Tuning may be
necessary due to process variations. This
register uses binary format.
Register 0x0E (continued), 0xOF
Address Control Name | Description Bits Default after reset
0x0E bgr sel Select the source for the internal DAC [7:6] Obl1

reference.

0b01 Use BGR for the DAC reference
0b11 User voltage provided to the
ext_ref dac pin.
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0b10 and 0b0O0 Do not use. This will

disconnect both BGR and ext ref dac pin.

0xOF

palv2 cur

1V2 PA domain current reference
selection.

0b0  External current reference. In this
case, the user must provide a 1 mA

reference current to the corresponding pin.

0Obl Internal current reference (default)

[0]

Obl

shlv2_cur

1V2 SH and SUM domain current
reference selection.

0b0  External current reference. In this
case, the user must provide a 1 mA

reference current to the corresponding pin.

0Obl Internal current reference (default)

[1]

Obl

pa2v5_cur

2V5 PA domain current reference
selection.

0b0  External current reference. In this
case, the user must provide a 1 mA

reference current to the corresponding pin.

0bl  Internal current reference (default)

(2]

Obl

unused

N/C. Does not affect chip operation.

0x00
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4.3 Example control register configurations

After the power-up and 12C reset, the ALFE2 registers are set to their default values. To operate the chip as
intended, some register values must be changed. Two example configurations are given, for 25 Q and 50 Q input
impedance. These example configurations are labeled as the 25 Q and 50 Q modes and are listed in Table 5.

Table 5. Example configurations.

Control name Default value (reset) 50 Q mode 25 Q mode
ch_pwr 0x0 0x0 0x0
pa_fb r0 0b01 0b01 Obl11
pa_fb c0 0b01 0b01 Obl11
pa_out offset 0x1 0x1 OxF
pa_fb_cl 0b01 0b01 Obl11
imped_coarse Ob11 Ob11 0b00
imped_fine 0x0000FF 0x0007FF 0x000FFF
pa_fb rl 0Obl Obl 0b0
pa_output dc 0x1F 0x1F 0x1F
sh_pt 0x01F 0xO0F 0x07
en_sh lg gain boost 0b0 0b0 0b0
sh_output dc 0x03FF 0x03FF 0x03FF
sh_sum_ pwr 0b0 0b0 0b0

sh sum_gain ch0 0b001 0b001 0b001
sh sum_gain chl 0b001 0b001 0b001
sh_sum_gain_ch2 0b001 0b001 0b001
sh sum gain ch3 0b001 0b001 0b001
sh_sum_output 0x03FF 0x03FF 0x03FF
dacn0_cur 0x30 0x30 0x30
dacnl _cur 0x30 0x30 0x30
dacpl cur 0x0F 0x0F 0x0F
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bgr sel Obl1 0b01 0b01
palv2 cur Obl Obl Obl
shlv2 cur Obl Obl Obl
pa2v5_cur Obl Obl Obl
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