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At the ACTAR workshop held at Bordeaux in June 20@8as decided to start a new
multi-projects multi-laboratories collaboration forovide TPCs used in several laboratories
(CENBG, GANIL,MSU,R3B, RIKAIN) with electronics $agnals processing in the late 2012.
This new systenGET, for GeneralElectronics forTPCs is composed of several subsystems,
as shown Figure 1 and covers signal processing ftioendetector to the data storage. The
goal of this document is to specify the front eletteonics AsAdAsic-Adc) which will be
connected to the detectors and will send, afteitaligation, the data flow to the others
subsystems.

Any comment and suggestion can be sent at:

pedroza@cenbg.in2p3;fpibernat@cenbq.in2p3.fr
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Chapter 1

Context

1.1 Main functions

AsAd (Asic-Adc) board is the part of GET situated between theater (TPC) and the digital
electronics which relates with data acquisition eadtrol processes. The main functionalities
of AsAd are:

To provide AGET ASIC for GeneralElectronics forT PCs) with all conditions required
to make it operate properly. (T1)

» To perform the digital conversion of the analogigmals issued by the TPC and
sampled by AGET (T2)

To perform the digital conversion of the triggensgiven by AGET (T3)

» To perform the transfer of these dat&CwBo (COncentratiorBoard) (T4)

* To manage its operating mode (functional, calibraind test operation) (T5)

To deal with the slow control software system fibcantrols and status (T6)
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Calibration vinj K B
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Figure 1.1: AsAd context diagram



1.2 Environmental functions

+ Since all the slow control commands and status conicate with Cobo,
AsAd manages its own local slow control interfateé)(

« To be identified in the whole GET systems, AsAdvles its user with ID,
serial and release numbers, as well as with the aypletector connected on
the system. (T8)

« AsAd enables to monitor its operating temperatmctits power supply
voltages/currents levels. (T9)

« AsAd manages clock signals for AGET read-writet #al calibration, slow
control, analogue to digital conversion, even iBBas not connected on the
system. (T10)

« At last AsAd manages supplies (T11) and all voltageeent biasing sources
required by the components implemented in the board

- Protection against sparks from the detectors isageah by théask ZAP
(T12).

1.3 Prototype

At this time information about MSU, CENBG and ACTARC detectors lead to say that
there are two major types of detectors: low deraiy high density. In consequence it is
foreseen to build an AsAd prototype for the MSU T@@Qow density detector), which
mechanical and operating environment are the bestiik. The following table (Table 1.1)
summarizes the MSU TPC specifications. This infdromewill be used for the development
of the AsAd prototypes, especially for the dimensiand the environment constraints.



Category | parameters | Value | Unit | Remark

updated: A. Bickley, June 3, 2008
chamber type : Cylindric cylindric, rectangle, quarre
size: diameter 70 cm

width cm

length 120 cm

heigth cm

Gem, Micromegas, Wire
Readout plane Gem, Wire chamber
cm

Dead Zone 4 diameter
Pad size length 5 mm

width 5 mm
number of Pad 10000

ALL
gaz available
200ns/cm to

drift speed 2us/cm
drift Time 4us to 50us | Us

Electric
environment Field Vicm

Magnetic

Field 0-2 Tesla

Vacuum air TOR

Pressure 0.2-latm | mBar

temperature ambiant °C

Temp.

Variation 5 °K
mean event rate 100 to 1000 | Bqg Bequerel
number of touched
pads/event 1to 25 %

Type of reaction

transfer, resonance, fission and heavy ion reactien

detector Gain

Minimum ionization particles Energy

Signal Polarity

Pos ; Neg

minimum threshold

noise level

fC

Experiment Place MSU

Foreseen Acquisition MSU

Existing system No

Multiplicity YES

Trigger level 2

Information type Waveform, Energy, Temps Waveform, Energy, Time
TimeStamp resolution 10

Jitter 2

electronic environment | magnetic field, air Magnetic, Vacuum

dead Time <1 | ms

Table 1.1: MSU TPC Characteristics



Chapter 2

AGET Task T1

2.1 Task description

vinj

Sc_dout

Slow lij vdd
AAAAA Current

Sc_c i T1.1
T1.6

Voltage re

Currenre
An_out_Buffer

Trigger/
An_out
T1.2

Analogue memor§¥>

SCA Write
LT13 :
SCA Read

ok

Clk W SCA W

2.1.1 Slow control

Slow control is used for parameters (gain, peakimg) and hits or specific channels readout.
The signals are provided by task T6. 2 modes assiple: Read OR write. 4 SigndlSMOS)

rw =0=> writ
/ .

Sc_di x \o/ ADD<6:0> i\ DATA<15:0> §X XXXX
Sc_ck i i l
scen | |___
Sc_dou idle ‘{ 1A XD15,1§. idle
r’'w =1=> read
Vo
Scdi  x)1Y{  ADD<6:0> & XXXX
1 ]
seo [N AUy
L !
scen _| Vo :
(] 1 4
Sc_dou idle Xy X DATA<15:0> - X
! ]
]

Sc_din: input data; Sc_ck: clock; Sc_en: enabled8at: output data



Name Description Min  Typ Max

F Sc_ck Slow control clock frequency 0 30MHz
tH Sc_ck, tL_Sc_ck|Slow control clock minimum duration at “1” (or “0") state| 10ns
t Sc_ento Sc_ck |delay between SC_en transition & rising edge of Sc_ck | 10ns
t Sc_din to Sc_ck |delay between SC_din transition & rising edge of Sc_ck | 10ns 15ns
t Sc_ck to Sc_dout |delay between rising edge of Sc_ck & Sc_dout transition| 10ns

2.1.2 Trigger/AN_out

This task consists in reading the analog valuegdtm AGET SCA (Data extraction) as well
as the sum of triggers during the sampling of tipait signal (Multiplicity building).
*  When the SCA is in WRITE mode the task T2 sendatt®ogue sum of the triggers
* When the SCA is in READ mode the task T2 sendstimtent of the SCA.
* The SCA READ depends of the multiplicity :
o If the analogue sum of the triggers is equal eatgr than the multiplicity, the

SCA READ is launched
o If the analogue sum of the triggers is below thdtiplicity, the SCA READ is

not launched.

SCA Write] ]
CLKwrite |

| .,

L

Trigger _ Il I N R N
.

SCA Read [I—
CLKread [T [ACrrrrRrarmrmrarar

AN_out

Write/Read Trigger SCA Read Write/Read Trigger

A

2.1.3 SCA Write

Name Description Min Typ. Max
F Wck frequency of Wck 0 50MHz 100MHz
F Wck jitter Jitter of Wck 50 ps rms 100ps rms
F Wck _cycle Duty cycle of Wck 0.25 0.5 0.75
t Wck to Fw Time between a Write 5ns
transition and positive edge of
Wck
t Wck to Write Time between positive edge of 5ns
Wck and a Write transition.
t Wck to Time between positive edge of 3ns
sample Wck and the sample operation




2.1.4 SCA Read

INEIE] Description Min Typ. Max
F Rck frequency of Rck 0 25 MHz
Rck jitter Jitter of Rck 100ps rms
Rck _cycle Duty cycle of Rck 0.25 0.5 0.75
t Read to Rck Time between a Read 5ns
transition and positive edge
of Rck
t Rck to Read Time between positive edge 5ns
of Rck and a Read
transition.
t Rck to Time between positive edge 6ns
Multiplex of Rck and the effective
multiplexing
tr multiplex Stabilization time of the 35ns
analog signal at the
multiplexer output
2.1.5 Test

3 different modes (fixed by slow control)
» Electrical calibration : external current sent teedected channel

» Test mode: In this mode, an external voltage signapplied on one of the three

internal injection capacitors (one capacitor pguincharge range). The resulting

current signal is send to the selected channel

* Functional mode: In this mode, an external voltsigeal is applied on the test
capacitor of the selected channel (1 channel, akebannels or all channels).

2.1.6 Voltage & current

* Power supply Vdd-GND 3.3V
* D.C voltage references:

o0 BUFFER: 2.
vdd
R1
] PAD Vicm
100nF
as— VOltage BUFFER
R2 reference (1.45V)

0 CSAFilter,G2 &SCA: 4 * 2 (left &right).

. D.E current references:
0 CSA:1*2 (left &right)
o BUFFER: 2.

e 550mW < Power consummation < 720 mW

vdd

100n

Inside the
chip vdd
l Iref
PA
Rex



Chapter 3

Analogue to Digital Conversion: Task T2

Under different conditions that initiate them, bathltiplicity building and data encoding
require an analogue to digital conversion.

3.1 Task description
-wire data outputs

Out. test pattern

Clk_B output

Serialized
digital
outputs

ADC

Conversion Clk_F output

Pwr_out_on”

Reference

Int.Ref_on Manageme
. T25 . — P T26
Power On
ADC_SData Clk_ADC
ADC

Ref set

FSlow Control
ADC_SClk (20MHz max)/\ﬁ(0 3.3V logi c) Pwr Ctrl

SC ADC ............. ' T2 2

Reset \/ ,,,,,,,,,,,,,,,

Figure 3.1: Analog to Digital conversion diagram (Bsed on ADS6422 datasheet)

Task T2.1

AD conversion can be supplied by two 0V-3.3V poseurces in order to isolate analogue
processes and digital processes. These two suppdesspectively called AGnd - Avdd and
DGnd -DVvdd. Typical power consumption on these $eppare respectively 810mw and
250mW. A single 0V-3.3V power supply will be usedhnwby-passing capacitors between
AVdd and DVdd physical inputs.

Task T2.2

AD conversion settings are tuned by means of alsgaw control interface that deals with
four signals called ADC_SData (Serial Data), ADCIISGerial Clock 20MHz max),
SC_ADC (or Sen, which is Chip Select) and Reseis dperating mode implies to ground
the parallel interface inputs.



Eight 11-bit registers (from A to H) can be accesgeset the analogue to digital conversion
process, according to the protocol representeimd 3.2.

NB: Reset at high level brings all registers atdb&ult values; Reset timing are given in
figure 3.3

—hld— Register Address =‘ﬁ. Register Data ';l
| | |
| | |
| | |
soara. ———(wa )X w3 X 2 X 1 X a0 X100 Xo8 )X 07 X 06 )05 X 04 X 03 X 02 X 1 X 00
I
1
t[s.cuq —ﬁ—hl ! _{H\ H_ o
| | tosy) —» —
| | s
—
SCLK
5 i
t[SLDADS] t[SLD»"«DH]
| |
| |
SEN
RESET
—| |—*G
TO109-03
PARAMETER MIN TYP MAX| UNIT
fSCLK SCLK Frequency; fSCLK = MtSCLK =DC 20 MHz
tsL0aDs SEN to SCLK Setup time 25 ns
ts 08D SCLK to SEN Hold time 25 ns
tosu SDATA Setup time 25 ns
ton SDATA Hold time 25 ns
Time taken for register write to take effect after 16th SCLK falling edge 100 ns

Figure 3.2: ADC serial interface protocol (Extractel from the ADS6422 datasheet)

L
Power Supply |
AVDD, LVDD :
! |
RESET /_\—
|

I
{ |

SEN \_
|

T010803

PARMATER CONDITIONS MIN TYP MAX| UNIT
14 Power-on delay time Delay from power-up of AVDD and LVDD to RESET pulse active 5 ms
9] Reset pulse width Pulse width of active RESET signal 10 ns
13 Register write delay time | Delay from RESET disable to SEN active 25 ns
tpg  Power-up delay time Delay from power-up of AVDD and LVDD to output stable 6.5 ms

Figure 3.3: Reset timing (Extracted from the ADS642 datasheet)
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Tasks T2.3&T2.4

AD conversion can be enabled or disabled by sethiagpower up or down, either for all
channels (and all circuitry involved in the convensprocess), either channel by channel
according to the A-register bitmap (figure 3.4)

REGISTER
ADDRESS BITS
A4-A0 D10 D9 D8 o7 D6 D5 D4 D3 D2 D1 Do
<REF> | _oDN CHD> | <PDN CHC> | <PDN CHB> | <PDN CHA> | PDN>
<RST> INTERNAL GLOBAL
) L 0 0 0 0 e POWER | POWER POWER POWER SLoBAL
ExToR\ AL | DOWNCHD | DOWN CHC | DOWNCHB | DOWNCH A | TONER

Figure 3.4: A-register mapping (Extracted from theADS6422 datasheet)

DO to D4 bits at 0 enable the conversion procegsawering up all channels and associated
circuitry

Task T2.5

AD conversion requires a voltage reference eithiarnal or external. Operating with an
internal voltage reference is a better choice wiscuthorized by leaving the D5 bit of the
previous A-register at O (c.f. figure 3.4).

In this case the inputs common mode voltage is h&d/has to be matched with AGET
output buffer.

E-register D10-D8 bits enable to adjust the fudlsaange from 1Vpp to 2Vpp (Fine gain
setting) as shown in figure 3.5.

F-register D5 bit can also set the full scale raaige.37Vpp (Coarse gain setting) as shown in
figure 3.6.

S
Ad - AD D10 D49 D8 D7 D6 D5 D4 D3 D2 D1 Do
<CUBST0M
oc FINE GAIN EFCIJ:EF?C‘;_IT: dB to 6 dB) 0 0 0 0 0 0 0 F'ij'lgl:rE%
(MSB BIT)
D10-D8 Full-scale range
000 0 dB Gain (full-scale range = 2.00 Vpp)
001 1 dB Gain (full-scale range = 1.78 Vpp)
010 2 dB Gain (full-scale range = 1.59 Vpp)
011 3 dB Gain (full-scale range = 1.42 Vpp)
100 4 dB Gain (full-scale range = 1.26 Vpp)
101 5 dB Gain (full-scale range = 1.12 Vpp)
110 6 dB Gain (full-scale range = 1.00 Vpp)
Figure 3.5: E-register mapping (Extracted from theADS6422 datasheet)
SEones
Ad - AD D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do
<COARSE | FALLING OR
<OVRD> BYTE-WISE MSB OR GAIN> RISING BIT 14-BIT OR DDR OR 1-WIRE OR
oo OVER-RIDE 0 0 OR LSB FIRST COARSE CLOCK 0 16-BIT SDRBIT 2-WIRE
BITE BIT-WISE GAIN CAPTURE SERIALIZE CLOCK INTERFACE
ENABLE EDGE

Figure 3.6: F-register mapping (Extracted from theADS6422 datasheet)
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Tasks T2.6 & T2.7

AD conversion requires an input clock (Clk_ADC)ttiatiates the process at a first rising
edge, on all enabled channels simultaneously.

This signal passes through an input clock buffigu(e 3.7) which gain can be adjusted
according to the configuration set into the B-reggigfigure 3.8)

® ©
VCM |
VCM T l
5k :i I :;\;Ska
b ] J | p
0.1 uF ‘I - >
o—|p—rcwr — ’—1
L T !
(+)
0.1 pF J7
o—}— cikm
ADSE w000
Differential Sine-Wave S0188-04
or PECL or LVDS Clock Input
Figure 3.7: Input clock buffer (Extracted from the ADS6422 datasheet)
onss
Ad - AD D10 D9 D8 o7 D6 D5 D4 D3 D2 D1 i}
04 0 0 0 0 INFUT CLOC:CI;_L'IIJ:’;S?:;:N CONTROL 0 0
D6-D2 Input clock buffer gain control
11000 Gain 0, minimum gain
00000 Gain 1, default gain after reset
01100 Gain 2
01010 Gain 3
01001 Gain 4
01000 Gain 5, maximum gain

Figure 3.8: B-register mapping (Extracted from theADS6422 datasheet)

Based on this input clock, two output clock sigreais generated by an internal PLL to
control the unserialization of the digital outpdtta. These two signals will be foreseen in
T2.8 section.

NB: The PLL requires a 2nF external capacitor toknyaroperly.
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Task T2.8

The data output format can be selected by settnthe F-register (Figure 3.6).

In order to minimize the serial data rate to tramsanCoBo, the targeted interface
configuration is called "Two-wire, 12x serializatiovith SDR bit clock” which is selected by
setting-up the F-register in this mode:

DO at 1 (2-wire interface)

D1 at 1 (SDR bit clock)

D2 at 0 (12x serialization)

In order to make the fastest the "zero suppresggssing into CoBo, it will be convenient to
discuss with CoBo designer, at the moment D6 an#iDdan be set like this:

D6 at 1 (LSB First)

D7 at O (Byte wise mode)

In this configuration the data are extracted asesgnted in figure 3.9.

As seen in T2.7 section, the input clock (Clk_ADKAt initiates the conversion process
generates two output clocks, the bit clock (ClkwBjch permits to unserialize the output
data and the frame clock (Clk_F) which is alignathwhe 12-bit word boundary.

The bit clock capture edge (rising in figure 3.8hde changed by setting F-register D4 to 0
The output format previously described has to Belated by setting H-register D9 and D10
to 00 (figure 3.10)

1 1

| ' | |
Input Clock, | | : |
CLK | | | |
| ] | |

| | | |

I | | |

| | | I

Freq=Fs

— |
Qutput Data
DAO, DBO, DCO, DDO
Qutput Data Do \ D8 D11 D9
DA1, DB1, DC1, DD1 (D8) M (DB) (DB) na) ( ‘

Data Rate = B x Fs

In Byte-Wise Mode

Frame Clock,
FCLK
Freq=1xFs

Bit Clock - SDR,
DCLK

Freq=6 x Fs

= |
EL

LU

57

—p Data Bit in MSB First Mode White Cells — Sample N

.ﬁ# Data Bit in LSB First Mode
D Grey Cells — Sample N + 1

Figure 3.9: Output data format (Extracted from the ADS6422 datasheet)
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REGISTER
ADDRESS BITS

A4_AD o0 [ o D8 D7 D6 D5 pa | o3| b2 | ot | oo

<TERM DATA>
" BRI EIE e 0 0 0 0 LVDS INTERNAL TERMINATION - DATA OUTPUTS

Figure 3.10: H-register mapping (Extracted from theADS6422 datasheet)

All output logic signals are LVDS compatible. To tm@tched with their transmission line
characteristic impedances, all output impedancedeaadjusted by setting H-register D4 to
DO bits and G register D10 to D6 bits. To keeplti®S voltage levels, all the output
currents can be adjusted by setting the G red¥deo D5 bits (figure 3.11 and ADS6422
datasheet for more details)

REGISTER

ADDRESS BITS
Ad_AD p10 | oo | ps | 07 | D6 D5 | D4 | 03 | D2 D1 | DO
o <TERM CLK> <LVDS CURR> <LVDS DOUBLE>
LVDS INTERNAL TERMINATION BIT AND WORD CLOCKS LVDS CURRENT SETTINGS LVDS CURRENT DOUBLE

Figure 3.11: H-register mapping (Extracted from theADS6422 datasheet)

Task T2.9

AD conversion is an ASAD key function expected é&dasily testable.
The digital part of the conversion process carebtet (task TC.9.1) separately from all the
conversion process (task TC.9.2)

Task T2.9.1

C-register D7-D5 bits settings, define and supplyee a predefined output data
pattern (figure 3.12), either a customized out@iagattern stored into D-register (11 LSB)
and E-register DO bit (1 MSB), as shown in figuek3 and 3.5

REGISTER
ADDRESS BITS
Ad-AD D10 Do D8 o7 D6 D5 D4 D3 D2 D1 Do
<DF>
DATA
DORMAT 25 <PATTERNS>
oo 0 COMP OR 0 TEST PATTERNS 0 o 0 o 0
STRAIGHT
BINARY

Figure 3.12: C-register mapping (Extracted from theADS6422 datasheet)

REGISTER BITS
ADDRESS
Ad_AD p10 | D9 | D8 | 07| 06 [ b5 ] D4 | 03 | 2 | m | D0
0B <CUSTOM A>
CUSTOM PATTERN (LOWER 11 BITS)

Figure 3.13: D-register mapping (Extracted from theADS6422 datasheet)

Task T2.9.2

In order to test all the conversion process, weatiin analogue signals have to be
converted.

When AGET output buffer is disconnected from AGETA, the voltage common
mode reference input, which can be viewed as angrénom a dynamic point of view, will
enable to evaluate de AD conversion intrinsic noise
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By connecting AGET output buffer and applying dlwaown charge at AGET inputs
all the signal processing chain can be checkedalilorated.

3.2 Involving context
3.2.1 SCA readout

SCA readout is initiated as soon as a trigger iplidtty has been detected.

SCA_R signal enables to start the readout process.

AGET internal multiplexor switches out the SCA auitpne.

Clk_R is applied to AGET and a same frequency $jgkiaC_CIk, is applied to the ADC in
order to control the synchronization between ansdagata extraction and analogue to digital
conversion.

3.2.2 Multiplicity building

This task is initiated as soon as a readout cya$elleen completed.

SCA_R disables the SCA readout process.

AGET internal multiplexor switches out the triggem output line.

Clk_R is only applied to the ADC clock input in erdo build the multiplicity.

The analogue trigger sum is continuously convettesi digital code until Mutant detects the
user defined multiplicity pattern.
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Chapter 4

CoBo Interface Data Task T4

4.1 Task description

> Trigger/Data

2 wires Data
Ck B . ...CoBo_Clk_B
e atd UL e, >
3 .. COBO_CIK_F
Clk_FE
SCA R /N ._.QOBO_SCA_R
SCAW o 1ap
™, CoBo_SCA_ W

4.1.1 Task data_Out T4.1

This task sends to CoBo

» the digital sum of triggers during the samplinglad input signal when SCA_W is
ON

» the digital values from the SCA when SCA_R is ON.
* The 2 clock signals : Clk_B to unserialize fi€rigger/Data and Clk_F which is
aligned with the 12-bit word boundary.
since the signals are in compliance with LVDS séadd this task sets connectors and cables
used for coupling to CoBo.

4.1.2 Task SCA_R/WT4.2

This task receives the SCA_R and SCA_W signals f@mBo, then sends its to the AGET
task. The signals are in compliance with LVDS sgaddor inputs and CMOS level for
outputs.

4.2 Technical part

For the Data_Out task DATA it is planned to usermmtors SAMTEC QSE-DP-EM series

and cables EQDH.he availability of cables 2 meters in length mhestheckedThe same
connector will be used for the 2 CMOS signals fiitvatask SCA_R/W.

* QSE main characteristics:Differential Pair, 8.5 GHZ Gbps.
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Crosstalk
In pin out deseriptions, “G” represents terminals tied to ground, as is the pround plane. For differential

measurements. “D17 and "D represent driven pair terminals. and “M17 and “M2” represent measured

pair termnals.

Worst Case Differential Crosstalk Across Ground Plane

G[DI|DI] G

G[Mi1[M2] G

Crosstalk (%)

Signal Rise time 30 ps 50 ps 100ps | 250ps | S00ps [ 750 ps 1ns

NEXT undziecizile | vadeiecuble | undetectable | undsiectable | uadetectsble | ondetectable | e hle

FEXT undefectible | uedetectible | undemctable | undeectable | vodetectsble | mndstectibie | undstectsble

Worst Case Differential Crosstalk on One Side of Ground Plane

[cIDi[p2[Mi[M2] G

Crosstalk (%)
Signal Rise time 30ps | S0ps | 100ps [ 250ps [ S500ps [ 750ps [ 1nms
NEXT 37 | 36 | 32 [ 18 [ 10 [ o7 | 05
FEXT 197 | 146 | oot | o041 [ 023 | o016 | o1t

Best Case Differential Crosstalk on One Side of Ground Plane

[G[Di[D2] G [M1I[M2] G ]
|

Crosstalk (%)
Signal Rise time 30 ps 50 ps 100ps | 250 ps | S00ps | 750 ps 1ns
NEXT 0.3 04 0.3 0.2 0.11 0.065 0.064
FEXT 144 0.99 0.70 0.33 0.13 0.11 0.07

} oz

— ((No OF POSITIONS / 14) x .7875[20.003]) + .440(11.18] REF

)
— {(No OF POSITIONS / 14) x .7875[20.003]) + .0100[.254] REF

2.

2850[7.239] i a o
REF n J 4 ¥

il

0225[0.571] REF —wifa— | s250L15875]
|6 EQSPACES
5 0945 [2.400

f a ‘ B
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0070[0.178] REF

M
AT 11

.1000[2.540] REF

= —— .14600[4.064] REF

e LVDS receivers for SCA_ R and SCA_W : SN65LVDS348
o The -4V to5YV common-mode range allows usagemsihoperating
environments or accepts LVPECL,PECL, LVECL, ECL, OBl and
LVCMOS levels without level shifting circuitry

SWITCHING CHARACTERISTICS

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MmN TYPY) maAX| uNIT
tan Propagation delay time, low-to-high-level output 25 4 6 ng
toar Propagation delay time, high-to-low-level output 25! 4 6 ns
tay Delay time, failsafe disable time 12 ns
tya Delay time, failsafe enable ime 0.3 15 ey
E.E‘ Pulse skew [|tpHL- - toal) C_ =10 pF, See Figure 3 200 ps
tokicy Cutput skew 2! 150 ps
|towpey  Part-to-part skew ! 1 ns apenes T OthrRaceivrs
tr Output signal rise time 12 g
t Output signal fafl tirme 1 ns
8 Cutput signal rize time s oy B850 pe

: . C_ = 1pF, See Figurs 3
ty Output signal fall time 400 ps
touz Progagation delay time, high-level-io-high-impedance output 5 g ne
taiz Propagation delay time, low-level-to-high-impedance output Ses Figure 4 and Figurs 5 5 2 ns
tom Propagation delay time, high-impedanca-io-high-level output B 12| ne
toz Propagation delay time, high-impedance-io-low-fevel output 8 12| ns

Window Comparator



Chapter 5

Test & Calibration: Task T5

Introduction

AGET main functions have to be easily testable.
AGET test & calibration consist in injecting a wkilown charge quantity at its inputs to test
the channel responses and to evaluate preciseighal processing features (c.f. figure 5.1).

Calibration mode j?/ .
|| Pulse Generator||_.| X72

ASIC

N

N

Test mode j?/ ’

|| Pulse Generator||_>.—>| X72
1 i 4

(1/Charge range) ASIC

Functional mode j?/.-H.N
|| Pulse Generator"—» .H’N X16

ASIC

N

Figure 5.1: AGET operating modes (Extracted from AGET specification)

These operating modes require a voltage generdtichwutput value can sweep all AGET
input dynamic range (according to AGET specificasionput noise levet is around 850 e-
i.e. = 0.14 fC, in optimal case, and linear operatiopreserved until 10pC). Assuming a
SNR at least equal tas5the voltage output dynamics must be greater #dab@. As the
voltage generator has to be remote controlledillithe made of a 14-bit DAC (Digital to
Analog Converter).

The DAC main feature in this application is itselarity. With both DC and AC high linearity
features the AD9707 is a good choice to meet theirements in test and calibration
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5.1 Task description

current
outputs

DAC
Reference

DAC FS_ad / (AGND)
Calibration PN
mode = -

7511 Calen { Power Chargg
S ‘Managemen..........._ Conversion
DAC_SDIO ", T5.10

— o Exref/ & T53
TN\ DACTR T
DAC_SCIk __Slow Controk’|
/\‘Q(O-B.BV logic)
SC_DAC .

Q_cal

Reset

Figure 5.2: Analog to digital conversion diagram (Mainly based on AD9707 datasheet)
Task T5.1

DA conversion requires three 0V-3.3V power supplmesrder to isolate analogue, digital and
clocking processes. These three supplies are risggcalled AGnd — Avdd, DGnd —

DVvdd, CkGnd — Ckvdd. Maximal power consumptionstioese supplies are respectively
23mW, 22mW and 16mW. A single 0V-3.3V power suppllf be used with by-passing
capacitors between AVdd, DVdd and CkVvdd physioplis.

Task T5.2

DA conversion settings are tuned by means of as$&®& control interface that deals with
four signals called DAC_SDIO (Serial Data Input/put), DAC_SCIk (Serial Clock 20MHz
max), SC_DAC (Chip Select) and Reset (logic higlote transition cancels any SPI
instruction).

Eight 8-bit registers can be accessed to set tlimbio analogue conversion process. Each
data transfer cycle follows an instruction cyclevhich the MSB value indicates whether a
read or write operation (O for write, 1 for reatthe two following bits indicates the number of
bytes to be transferred (1 to 4; 2 bytes prefecmrdesponds with code 01), and the 5 last bits
(including the LSB) determines the register addtedse accessed.

Serial port configuration itself is controlled betSPI1 _ctrl register first 4 bits (Figure 5.3)
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Mnemonic | Bit No. Direction (1/0) Default Description

SDIODIR 7 I 1 0: SDIO pin configured for input only during data transfer (4-wire interface).
1: SDIO pin configured for input or output during data transfer (3-wire interface).
DATADIR 6 I 0 0: Serial data uses MSB first format.

1: Serial data uses LSB first format.

SWRST 5 I 0 1: Initiate a software reset; this bit is set to 0 upon reset completion.
LNGINS 4 I 0 0: Use 1 byte preamble (5 address bits).

1: Use 2 byte preamble (13 address bits).
PDN 3 I 0 1: Shuts down DAC output current internal band gap reference.
SLEEP 2 I 0 1: DAC output current off.
CLKOFF 1 I 0 1: Disables internal master clock.
EXREF 0 I 0 0: Internal band gap reference.

1: External reference.

Figure 5.3: SPI_ctrl register @ address 0x00 (Exacted from AD9707 datasheet)

Default configuration for SDIODIR, DATADIR, SWRSThd LNGINS bits (figure 5.3) will be kept.
In this configuration the SPI interface timing isen in figure 5.4.

INSTRUCTION CYCLE DATA TRANSFER CYCLE i_

CSB —l i _

SDIO |Rlﬁ N1 | NO |M |F|3 | A2 | Al |Al} |D?N|D6‘-N|Dﬁnl : |D3-u|D‘2[:|D1n|DIJu|
Figure 5.4.1: SPI interface timing in writing mode(N=1)

i

CSB —l i

s ninnnpnnhiEnnns

SDIO |mﬂ N1 | mlml A3 | A2|A1 |MH1|DEN|D54 |D30|D20|D1U|D00|
7" -

INSTRUCTION CYCLE DATATRANSFER CYCLE |

SN0
Figure 5.4.2: SPI interface timing in reading modgN=1)

Figure 5.4: SPI interface timing(Extracted from AD9707 datasheet)

Task T5.3

The PDN, SLEEP, CLKOFF bits configuration of theyiously described SPI_ctrl register
enable all the DA conversion process by defaulfafdecode is 000).

Anyway, whether the internal reference, the outuuitent buffer or the input clock buffer
power supplies can be switched off when no DA cosige is required (i.e. when ASAD is
not operated in test or calibration mode).

Task T5.4

The EXREF bit value of the previously described SRl register (LSB) determines whether
the use of an external reference voltage or thetigee internal 1V band gap voltage
reference. The default configuration (use of therimal band gap reference) will be kept.
NB: In this configuration RFIO has to be bypassedround with a Oj1F capacitor

The 1V band gap voltage reference together witexaernal resistor determines a static
reference current Iref which is equal to the fakile reference current output loutFS. loutFS
equal to 1ImA (the lower admissible value in oraelirhit the power consumption) implies
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Iref equal to 31.25IA. From the 1V band gap reference, Iref is gendrageng a ground
connected 32R resistor to the FS_adj input.

Task T5.5

The digital input code is transferred to ASAD usangerial protocol that deals with four
signals called DDA_SDatai (Data serial input), DISClk (Data serial clock), SC_DDA
(Chip Select) and DDA_SDatao (Data serial output).

As the AD9707 is a parallel data input DAC, theitdignput code is deserialized by means of
two cascaded 8-bit shift registers (for example @N595AD from Tl or 74LVC595A from
NXP).

DDA _SDatai is then a 16-bit word with a MSB valleays equal to 1, which contains on
the last 14 bits, the DAC data input.

DDA_SCIk is the common slow control clock that iaiés the shift operation.

SC_DDA is the shift registers clear control thatised to enable the shift operation.
DDA_SDatao is a signal sent to the slow controhthcate that the Dac data input is ready to
be loaded.

From DDA _SDatao signal, CoBo supplies Den whicldlthee data at the DAC parallel input.
All these operations are summarized in figure 5.5

DDA_SClI
SC_DDA ,
DDA_SDatal._ [ B14] 815 [MSB| ey
DDA_SDatao
Den ; _7Z B
l«—— Shift Reg 1 data__ple—— Shift Reg 2 data >
[B7 ] B8] Bo [B10]B11] B12] B13] B14] B15 [MSB
1se[ B2 B3 B4 B5] B6 [ B7 | B8 | B9 [ B10] B11[ B12] B13] B14 ] B15 [MSB
DDA SClk Circuitry example based on the use of two 74LVC595A
Den
¢
SHCP STCP__ ai1
81_: Bit 2
- et
DDA_SDatai s Y —lE
82—’3:{9 Bit 1 to 14 = Din stated in fig 5.2
——5!
Q7 —Bit8
MR OE 97§
(@)
/j:DGND
SHCP STCP_ | oo
81_: Bit 10
Q2 TBit11
Q3 JBit12
S Qi JBit13
Qs JBit14
Qe —
oy I
MR OE 973
oo Db L (R ;DGND
DDA_SDatao

Figure 5.5: DAC input data loading (timing & circuitry diagrams)
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Task T5.6

The input clock signal that initiates the DA corsien passes through an internal buffer
which can be powered off as mentioned in sectisk 1&.3.

When enabled, the clock input has to be configtwaeceive a single ended or a differential
signal. This is achieved by setting the value ef@LKDIFF bit (bit 2) of the Data-Register
(address 0x02), as illustrated in figure 5.6

Mnemonic | Bit No. Direction (1/0) Default Description
DATAFMT 7 | 0 0: Unsigned binary input data format.
1: Twos complement input data format.
DCLKPOL 4 | 0 0: Data latched on DATACLK rising edge always.
1: Data latched on DATACLK falling edge (only active in DESKEW mode).
DESKEW 3 | 0 0: DESKEW mode disabled.

1: DESKEW mode enabled (adds a register in digital data path to remove
skew in received data; one clock cycle of latency is introduced).

CLKDIFF 2 | 0 0: Single-ended clock input.
1: Differential clock input.
CALCLK 0 | 0 0: Calibration clock disabled.

1: Calibration clock enabled.

Figure 5.6: Data register @ address 0x02 (Extracteflom AD9707 datasheet)

A differential clock is preferred CLKDIFF bit kegphe O default value. The clock signal
applied must have a common mode voltage compristugen 0.75V and 2.25V and a
differential value comprised between 0.5V and 1(BVPECL levels compatible).

The DA conversion is initiated at the positive sibnsing edge.

NB: At this moment the parallel input data musipbesent at the shift registers outputs
described in section Task 5.5. Then the clock gigdge must be emitted after the Den signal

Task T5.7

DA conversion process is parameterized by chodsi@dpit values of the previously seen
Data register (Figure 5.6)

DATAFMT is left at the O default value to convenetloaded DAC unsigned binary input
data.

DCLKPOL is also left at the 0 default value to iaie the DA conversion on the Clk_DAC
rising edge. No deskew is required to perform #s&,tDESKEW bit is then left at default
value.

Task T5.8

Output currents lout_A and lout_B are respectiggiyen by:
[OUTA = (DAC CODE/2%) x lovres
IOUTB = ((2V - 1) — DAC CODE)/2" x Iovmns

With loutFS equal to 1mA (see section T5.4) and N=1

DBO TO DB13 XXX)G( W
[ ... !
€LOCK / NK
t

= |
- ls-,——‘ ‘
10UTA ‘
OR
10UTB i 0.1%
0.1%

Figure 2. Timing Diagram

Figure 5.7: Conversion timing (Extracted from AD97({ datasheet)

—
osananz
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Output current is supplied at least 15ns afteitA€ clock rising edge (figure 5.7

with ts_ min= 1.6 ns, tpd _min=4ns, tst._ min=11imyt min=2.8ns)

Full scale current supplies a max 1 V output vatageep, by connecting a resistor on each
output lout_A and lout_ B (OTCM has to be also gebeonnected in this configuration)

Task T5.9

The pulse generator required for test & calibrasapplies V_GEN voltage by loading the
DAC current outputs with the circuit representedigure 5.8

Avdd REI

Cr
[
11

Res

e

¢, Wiy
/] [AD9704/AD9705
. | AD9T06/ADS707 Rsa

pu

V_Gen

5926-100

o

Figure 5.7: Transconductance amplifier (Partly extacted from AD9707 datasheet)

Iref

lout_Ama= 1MA when lout_Bij,= 0 mA

Voltage drop acrossd? =1kQ is 1V and VAout_A is then equal to VAout_B=0V
lout_Amin= 0 mA when lout_ Ba= 1 mA

Voltage drop acrossdg =1kQ is 1V and VAout_B is then equal to VAout_A=1V

At mid range of the full-scale output current VAoAtand VAout_B are both equal to 0.5V
DAC output voltage ranges are then £0.5V from 0.5V

Rs and Rgboth equal to 2R sets the max voltage V_Gen equal to 2V when logtOAand
the min voltage V_Gen equal to OV when lout_ A= 1mA

V_Gen has to be whether send out of ASAD (to exalAC performances) or applied to
AGET In_testfonc input pin (figure 5.8)

[
In_cal  S¢!
O
i‘n. —L L
Externa ' 2
Capacit | -
4 ]
—||—(A)— sc <1 sc <1
In testfonc 10C [sc te+
=- 10— sc (]
= |_| 1 p Channel
G o—
'(«_v ch ! CoA

I a5
3
(sc Ga<0:2>)sc te)

O
WA sC K72 sc €77
'|"’ [sc te+
sc (]
sc fur Channel

Figure 5.8: AGET connections for test & calibrationmodes (Extracted from AGET specifications)
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Task T5.10

Charge conversion is achieved by the external ¢capaepresented in figure 5.8. The
tolerance value of this capacitor is as low asiptessThe charge is injected at the
AGET In_cal input pin.

Task T5.11

To improve the DNL of the DA converter a self-cadition procedure can be carried out
according to the procedure described in figure 5.9

The calibration clock frequency is equal to the DAC clock
divided by the division factor chosen by the DIVSEL value. The
frequency of the calibration clock must be set to under 10 MHz
for reliable calibrations. Best results are obtained by setting
DIVSEL[2:0] (Register 0xOE, Bit 2 to Bit 0) to produce the
lowest frequency calibration clock frequency that the user’s
system requirements allow.

To perform a device self-calibration, the following procedure
can be used.

1.  Enable the calibration clock by setting the CALCLK bit
(Register 0x02, Bit 0).

2. Enable self-calibration by writing 0x40 to Register 0x0F

3. Wait approximately 4500 calibration clock cycles. Each
calibration clock cycle is between 2 and 256 DAC clock
cycles, depending on the value of DIVSEL[2:0].

4. Check if the self-calibration has completed by reading the
CALSTAT bit (Register 0x0F, Bit 7). A Logic | indicates the
calibration has completed.

5. When the self-calibration has completed, write 0x00 to
Register 0x0F.

6. Disable the calibration clock by clearing the CALCLK Bit
(Register 0x02, Bit 0).

The AD9704/AD9705/AD9706/AD9707 devices allow reading and
writing of the calibration coefficients. There are 33 coefficients in
total. The read/write feature of the coefficients can be useful for
improving the results of the self-calibration routine by averaging
the results of several calibration results and loading the aver-
aged results back into the device. The reading and writing
routines follow.

To read the calibration coefficients:

1. Enable the calibration clock by setting the CALCLK bit
(Register 0x02, Bit 0).

2. Write the address of the first coefficient (0x00) to
Register 0x10.

3. Set the SMEMRD bit (Register 0x0F, Bit 2) by writing 0x04
to Register 0x0F.

4. Read the value of the first coefficient by reading the
contents of Register Ox11.

5. Clear the SMEMRD bit by writing 0x00 to Register 0x0F.

6. Repeat Step 2 through Step 5 for each of the remaining

32 coefficients by incrementing the address by one for
each read.

7. Disable the calibration clock by clearing the CALCLK Bit
(Register 0x02, Bit 0).

To write the calibration coefficients to the device:

1.  Enable the calibration clock by setting the CALCLK bit

(Register 0x02, Bit 0).

Set the SMEMWR bit (Register 0x0F, Bit 3) by writing 0x08

to Register 0x0F.

3. Write the address of the first coefficient (0x00) to
Register 0x10.

b3

4. Write the value of the first coefficient to Register Ox11.

v

Repeat Step 2 and Step 3 for each of the remaining
32 coefficients by incrementing the address by one for
each write.

6. Clear the SMEMWR bit by writing 0x00 to Register 0x0F.

7. Disable the calibration clock by clearing the CALCLK bit
(Register 0x02, Bit 0).

Figure 5.9: DAC self-calibration procedure (Extracied from AD9707 datasheet)
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Chapter 6

Slow Control Task T6

6.1 Task description

AGET_MISO<3..0>

Sc_ck

Sc_en<3..0

¢_din<3..04SPI_AGET
Spi_MOSI

Spi_MISO<4..0>
Sc_dou<3..0>)

SC_CS<3..0> SData
SClk
DAC_MOSI \SP1_ADC
DAC_MISO<4X iEn
ADC_Reset
SC_DDA DAC_Sclk
V - Sc_dac_cs \
ID_Sclk * ~.SC_DAC B
- SC DDA S.to_par_dat Sc_dac_dio
L4 6.4 DDA_Clk Sc_dac_clk >A’\
>"\ \
DDA_Reset h A DAC_Rese \
Ib_Data .. s DDA_EN \\ }
J \ J )
k Sc_id_clk \ SPI_DAS_ T
Sc_id_d 4 Y T
.............................. > Scidcs \_, PP
6.1.1 Summary of the pattern of slow control
Device Clock freq Add size (bit) Data size (bjt) viek(V) | First bit /O
SC _AGET| 0 <ckl <30 MHz | 7+1rw 16 3.3 D15
SC ADC | 0<ckl<20MHz| 5 11 3.3 D10
SC DAC 0 <ckl <20 MHz| & Rrw +2datsize| 16 3.3 D15
SC DDA | 0<clk <90 MHz| O 16 3.3 D15
SC_ID O<clk<30MHZ| 1 16 3.3 D15
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6.1.2 Slow control switcher task T6.1

Spi_MISO<5>

SC_CS<3..0>

Spi_Sclk

Spi_MOSI 1

DDA Data

DDA

format
T6.1.2

DDA_Sclk

‘' DAC_DIO

Spi_MISO<4> DAC
format

T6.1.5

DAC_Sclk

Spi_MISO<3..0S

6.1.2.1 Demux task T6.1.1
Demux 4 to 15 to select the right SPI address forma

6.1.2.2 Serial to parallel converter for DAC task B.1.2

|
Spi_Sclk | | | | | | | |

AGET
format

format
T6.1.4

SC_DDA

» |
e e X oo
i

i
DDA_Data | D15 WRITE ONLY

\

|
!

DDA _Sclk | _
|

ID_Sclk

AGET_MOSI

AGET_Sclk

AGET_MISO<3..0>

ADC Data

ADC_Sclk
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6.1.2.3 AGET Address and Data format task T6.1.3

s TS T

SC_AGET

T ’Illllﬁ (o)

s ) OO e

<3..0> |
I

AGET_Sclk : ‘|‘ |
I

Hit channel register readout: 4.5 us/AGET

6.1.2.4 ADC Address and Data format task T6.1.4

ssa 1 LTI UTUTLS T

SC_ADC

Spi_ MOSII

o2
i
i

ADC-Data |
I
I
] I

6.1.2.5 DAC Address and Data format task T6.1.5

SC_DAC

|
Spi_MOSI | |
" GOSN 0C T (o>}
|
|

R RO —
|
|
DAC._ Scml ................................. '
|




6.1.2.6 ID Address and Data format task T6.1.6

SC_ID

MI
|
srmest (s Y oY o
|
| !
_— O ST O G
| |
! .
ID_Sclk 1 _ _ [
|

6.1.3 Slow control AGET task T6.2

Sc_ck = AGET_Sclk
Sc_en=SC_AGET

IF RIW=10
Sc din=HZ
Sc_dou = AGET_DIO
Else
AGET_DIO=Sc_din
Sc_dou=HZ
End if

6.1.4 Slow control ADC task T6.3
SClk = ADC_Sclk

SEn=SC _ADC

SData = ADC_Data

<
o

C

I
AL
)

10 ns min

ADC_Reset



6.1.5 Slow control DDA task T6.4

DDA_Clk = DDA_Sclk
S _to_par_dat = DDA_Data
DDA_En = SC_DDA

Vce

%»%

10 ns min

DDA _Reset

6.1.6 Slow control DAC task T6.5

Sc_dac_clk = DAC_Sclk
Sc _dac_cs =SC_SC DAC
DAC_DIO = Sc_dac-dio

10 ns min

DAC_Reset

[
P
;

6.1.7 Slow control ID task T6.6
(c.f. task 8)
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Chapter 7

CoBo Interface protocol Task T12

7.1Task description

CSCA_Cs<3..0>

SC_Cs<3..0>  ~7 N e
) 2 CoBo g
interface
Spi_Sclk protoco SPI_SCLK
’/4 T12
Spi_MISO < 4..0> '\?SPI_MOSI
SPI_MOSI

CSPI_MISO < 4..0>

This task implements the SPI Bus , in SLAVE MODE.
The Serial Peripheral Interface Bus or SPI is a&Byamous serial data link standard named by
Motorola that operates in full duplex mode. Devicemmunicate in master/slave mode
where the master device initiates the data framdtiple slaves can be connected to a single
Master and the ‘classical’ SPI standard is defiagd 4-wires interface including:

» SCLK - a clock signal generated by the master;

* MOSI - (Master Out Slave In) a master-to-slaveésjas line;

* MISO — (Master In Slave Out) a slave(s)-to-masegiasline;

» SS# - one or several slave select lines.

CSPI_MISO < 4..0> : ASIC serial data out <3..0> ABBC <4> out.

SCLK

MOsI
MISO SPI Slave

SS

| SELK
o SPIStave

b ~ y

A

4—>{ SCLK
MOSsI
MISO SPI Slave

>SS
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Symbol Parameter Min Max Units
tax Clock period 20 1,250,000 ns
t Clock to output 0 4 ns
tey Setup time 5.6 = ns
th, Hold time = 0.0 ns
AL Access length 1 32,000 bits

AsAd can be connected to a PC via a USB port feiteist.
7.2 Technical part

Connector type and signal levels not yet defined



Chapter 8

Clock Distribution task T10

8.1 Task description

CoBo_CLK_R CLK_R

CoBo_CLK_ADC CLKSADC

CLK_W

CoBo_CLK_W CLK_DAC

CoBo_CLK_DAC

This task describes the distribution of clocks vieiting and reading the SCA AGET.
8.2 Technical part

8.2.1 CLK_R and CLK_W
To ensure a good synchronization between all teesyparts requiring CLK_R and CLK_W
the use of low skew differential to LVDS fan-outftaus is suggested.
* 1cs8543 (Integrated Circuit Systems, Inc).
0 4 differential LVDS outputs
o Tri-state
0 Selectable differential CLK, nCLK or LVPECL clockputs
0 CLK, nCLK pair can accept the following differeritia
= input levels: LVPECL, LVDS, LVHSTL, SSTL, HCSL
PCLK, nPCLK supports the following input types:
= LVPECL, CML, SSTL
e Maximum output frequency: 800MHz

o

TasLe 5. AC CHARACTERISTICS, V= 3.3V5%, Ta=0"C 70 70°C

Symbol Parameter Test Conditions Minimum TyplCﬁl Maximum Units
s Output Frequency 80O MHz
ts Propagation Delay; NOTE 1 f < B0OMHzZ 7 26 ns
tsk{o) Output Skew: NOTE 2, 4 40 ps
fskipp) | Part-to-Part Skew; NOTE 8, 4 500 ps
1 Output Rise Time 20% to 80% @ 50MHz 150 350 ps
& Output Fall Time 20% to 80% @ 50MHz 150 50 ps
ode Output Duty Cycls 45 50 55 %

All paramelers measured at 500MHz.

NOTE 1: Measured from the differential input crossing point to the differential output crossing point.
NOTE 2: Defined as skew between outputs at the same supply voltage and with equal load conditions.
Measured the oulput differential cross points.

NOTE 3: Defined as skew between outputs on different devices operating at the same supply voltages
and with equal load conditions. Using the same type of inputs on each device, the outputs are measured
at the differential cross points.

NOTE 4: This parameter is defined in accordance with JEDEC Standard 85.
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8.2.2 CLK_ADC

AD conversion requires an input clock that initgatee process at its first rising edge, on all
enabled channels simultaneously. This signal shmatth with LVPECL levels.
Receiver/transmitter possible : MC100LVEP16-D (L\EAE

The 100 Series contains temperature compensation.

Features
® 240 ps Propagation Delay

Mazximum Frequency > 4 GHz Typical

PECL Mode Operating Range: Ve =2375 Vo 3.8V
with Veg =0V

® NECL Mode Operating Range: Voo =0V

with Vggp = -2.375 Vio -3.8V b E
® Vpg Output o E ﬂ Q
® Open Input Default State 2
® LVDS Input Compatible k=] E i 6| T

Pb-Free Packages are Available

(=1

Ves | 4 J:E Vee

Table 5. 10EP DC CHARACTERISTICS, PECL Vo =33V Vg =0V (Nate 7)

—40°C 25°C 85°C

Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
lee Power Supply Current 17 2z 27 i7 22 a7 17 22 28 mA
Van Output HIGH Voltage {(Note 2) 2165 | 2200 | 2415 | 2230 | 2355 | 2480 | 2290 | 2415 | 2540 mi
VoL Output LOW Voltage (Note 8) 1365 | 1540 | 1665 | 1430 | 1605 | 1730 | 1490 | 1665 | 1790 my
Vi Input HIGH Voltage (Single Ended) 2090 2415 | 2155 2480 | 2215 2540 mb
ML Input LOW Voltage (Single Ended) 1365 1680 | 1430 1755 | 1490 1815 my
Veg Output Voltage Referance (Note 9) 1790 | 1890 | 1990 | 1855 | 1955 | 2055 | 1815 | 2015 [ 2115 my
ViscmAa Input HIGH Voltage Common Mode 1.2 33 1.2 33 g 3.3 v

Range (Differentia! Gonfiguration)

{Mate 10)
g Input HIGH Current 150 150 150 | wA
™ Input LOW Gurrent [5) 05 05 wA

T | ~-150 -150 -150

Table 10. AC CHARACTERISTICS Voo =0V, Vep = -3.8 V10 —2.375 W or Voo = 2375 Vto 3.8V, Ve = OV (Note 27)

-40°c 25°C 85°C
Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max | Unit
Frriase Meximum Frequency =4 >4 =4 GHz
(See Figure 2. Faay/JITTER)
tegH Propagation Delay to 150 220 300 170 240 320 190 260 330 ps
ten Qutput Differantial
tekew Duty Cycle Skew {(Note 28) 50 20 50 20 5.0 20 ps
tirreR CLOCK Random Jitter (RMS} ps
@ = 1.0 GHz 0134 | 02 0147 | 03 G166 | 0.3
= 1.5GHz 0077 | 02 0104 | 03 0145 | 03
: 20GHz 0115 | 02 0141 0.3 0153 | 03
< 26 GHz 0117 | 02 0132 | 03 G156 | 03
3.0GHz 0122 | 02 0143 | 03 01v7 | 03
z 3.5GHz 0123 | 02 G145 | 03 0.202 | 03
VEp Input Voltage Swing 160 800 | 1200 | 150 ac0 | 1200 | 150 800 | 1200 | mV
(Diffarential Configuration)
tr Qutput Rise/Fall Times QT 70 120 170 80 130 1680 100 160 200 ps
t (20% — 80%)

MNOTE: Device will meet the specifications after thermal equilibrium has been established when mounted in a test socket or printed circuit
board with maintsined transverse airflow greater than 500 Hpm. Electrical parameters are guarantead only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultanecusly.

27.Measured using & 750 mV scurce, 50% duty cycle clock source. All loading with 50 Q to Vec - 2.0V

28.Skew is measured between cutputs under identical transitions. Duty cycle skew is defined only for differential operation when the delays

are measured from the cross point of the inputs to the cross point of the outputs

8.2.3 CLK_DAC
DA conversion requires an input clock that initeatee process at its first rising edge.This
signal should match with LVPECL levels. We can tieebuffer than CLK_ADC.
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Chapter 9

ASAD monitoring task T9

Introduction

ASAD board is able to monitor the temperature atctvit is operated, its power supply

voltage levels and its power consumption.
All these measurements can be obtained from tieeeieéed ADT7519 device, the following

task description is thus based on this device dhiped

9.1 Task description

Rem_T°

Loc_T2 Dig_Data_out

AM
Inputs
processing

T9.3

ldd

Status
T — [ Add_ Reg
) ] T9.7

Warning

AM_SCKk ¥ AM
/b

: Slow ControlL
SC_AM _
— V.. J9.2 v
AM_SDO
Figure 9.1: ASAD monitoring (Mainly based on ADT75® datasheet)
Task T9.1

ASAD monitoring (AM) requires a single 0V-3.3V pom&upply. Typical power
consumption for this supply is given at 10mW.
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Task T9.2

AM settings are tuned by means of a SPI slow obiiterface that deals with four signals
called AM_SDI (Serial Data Input), AM_SDO (Seriahta Output), AM_SCIk (Serial Clock
20MHz max), and SC_AM (Chip Select).
This transfer protocol has to be seled@dhs(device settling time) after the device power
up, by sending down 3 SC_AM pulses (figure 9.2).

SC_AM 2

A B C
(START HIGH)
SPI LOCKED ON SPI FRAMING
THIRD RISING EDGE EDGE
)1
SC_AM A B c N
(START LOW)
SPILOCKED ON SPI FRAMING
THIRD RISING EDGE EDGE

Figure 9.2: SPI transfer protocol selection and lddng (Extracted from the ADT7519 datasheet)

Various 8-bit registers can thus be accessed forpe ASAD monitoring.
This is achieved by setting low SC_AM and by segdircommand through AM_SDI which
is synchronous with AM_SCIlk. The command containférst an instruction byte which
indicates a write (x90) or a read (x91) operation.
To write into a register, the first instruction &y{ix90) is at least followed by two other bytes:
* an address byte which is stored into a pointersteni
* adata byte which is written at the address defimethe pointer register
More than one data byte can be send. In this safsequent data bytes are written into
sequential writable registers, as the pointer tegeuto-increments from the first address
specified.
The writing sequence is illustrated in figure 9.3

SC_AM _|
I

1 B 1 8

AM_SClk e

I I R e e
B H0 00600 E D000 G0N
iSTART

:'17 WRITE COMMAND ! - REGISTER ADDRESS —'—F|

AM_SDI

SC_AM (CONTINUED) » =

1 3
AM_SCIK (CONTINUED) & » »

IR R R R R A
AV_SDI (CONTINED) » &« /07 X 05 X D5 04X 03 X 02 01 X 00 )

STOP

‘*7 DATABYTE ———————»

Figure 9.3: SPI writing to the pointer register diagram followed by a single byte of data to write irthe
selected register (Extracted from the ADT7519 datdeet)
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To read from one register, the first operation exiesn writing into the pointer register its
address. Then a read command (0x91) is send thidMgISDI and the data are readout
trough AM_SDO (sequentially according to the autoremented address contained in the
pointer register until SC_AM goes high as statefigare 9.4.2)

I

|

! 1 8 1 8
AM_SCk !

|

|
e X = E@Eﬁ@m

I

| START sTOP

4————————  WRITE COMMAND ~!= REGISTER ADDRESS ——— —--|

Figure 9.4.1: Writing to the pointer register to séect a register for subsequent read operation
(Extracted from the ADT7519 datasheet)

AM_SDI _IW Mo U Eﬂﬂﬂ..““"nnn\

-+—— READ COMMAND - ! - DATA BYTE1 4I-—|

SC_AM (CONTINUED) * & &

wsewemee e LU
AHEPT (conmuEDy < Bﬂﬂﬂﬂﬂﬂ-
|

|
AM_SDO (CONTINUED) » » » m@m@mmmn

[ [ STOP

LI— DATABYTE2Z — =

Figure 9.4.2: Reading two bytes of data from two sgiential registers
(Extracted from the ADT7519 datasheet)

Figure 9.4: SPI reading process
Task T9.3

AM inputs are voltages and physical quantities propnal to voltages (Vdd is the power
supply voltage, Idd is the power supply curreneirgd from a voltage drop across a resistive
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load, Loc_T° and Rem_T?° are two temperatures gbyethe voltage drop across a semi-
conductor junction).

As shown in figure 9.5 (task T9.3.1), these voltagee applied at the inputs of an analogue
multiplexor which drives out the one that is diggtil by the 10-bit ADC involved in task
T9.3.2. The voltage selected to be digitized isn#ef by the configuration mode set in Task
9.4 section. The ADC full scale reference in ugelmawhether the power supply voltage
Vdd or an internal voltage given by a band gapagstreference (task T.3.3). This selection
(Ref_sélis operated in Task 9.4 section, as well as ¢tecton of the conversion rate
(Frg_se) which is given by an internal clockl) running at whether 1.4 kHz or 22kHz

Rem_T°

Loc _T°
Analogue
Multiplexing

T9.3.1

vdd

Current
Sensing

19.3.5

ldd

Figure 9.5: AM inputs processing (Task T9.3 details

Dig_data_outs the code value extracted from the 10-bit sugigesapproximation AD
converter. This code format depends on the selegped to be converted:

* In case of supply voltage (Vdd) monitoring
The code corresponds with the natural binary vafuibe supply voltage divided by the
product of the ADC LSB and a well known scale facide scale factor (3.07) corresponds
with the device maximum supply voltage (7V) dividedthe reference valu®(ef=2.28V).
The ADC LSB is the reference value (2.28V) dividyd1024, (equal to 2.226 mV). The code
for the nominal supply voltage (3.3V) is then 01L@DO10 in natural binary (or 1E2 in
hexadecimal)

» Case of temperature monitoring
There is two temperature sensors which enable k@ mdocal temperature measurement
(Loc_T°) and a remote temperature measurement (R®mn both case semi-conductor
junctions are used as sensors. The two junctianbiased with two currents | and N.I (figure
9.6). The difference between the voltage dropssactize two junctionsA{gg) is proportional
to the temperature:
T° = (AVge.q.In N)/ k (q is the elementary charge, k is Bolénn's constant)

SENSE
TRANSISTOR

Figure 9.6: Temperature measurements (Extracted frm the ADT7519 datasheet)
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As temperature can vary from -40°C to 128°C in ditfeonfiguration, the\Vge voltage can
be either positive or negative and the correspandoded value extracted from the ADC is
given in a twos complement format as shown in &g@u7

. Temperature Data Format
(Internal and External Temperature)

Temperature Digital Output
-40°C 110110 0000
-25°C 111001 1100
-10°C 111101 1000
-0.25°C IRRARREARY
0°C 00 0000 0000
+0.25°C 00 0000 0001
+10°C 000010 1000
+25°C 0001100100
+50°C 001100 1000
+75°C 0100101100
+100°C 011001 0000
+105°C 0110100100
+125°C 0111110100

Figure 9.7: Temperature data format (Extracted fromthe ADT7519 datasheet)

A calibration should be made before the temperangasurement by using the same biasing
current | for the two junctions. Thus the sameagdt drop should appear across the two
junctions andAVge should be zero. In case of non-zero value theaatad is stored into an
offset register and is used as compensation.

Figures 9.8 and 9.9, show the complete circuitssifor respectively local and remote
temperature measurements.

T | Vours
1 ! TOADC
INTERNAL BIAS
SENSE DIODE Vour-
TRANSISTOR

Figure 9.8: Structure of internal temperature senso(Extracted from the ADT7519 datasheet)

O

OPTIONAL CAPACITOR, UP TO
nF MAX. CAN BE ADDED TO
IMPROVE HIGH FREQUENCY
NOISE REJECTION IN NOISY
ENVIRONMENTS

D+ Vours

|
REMOTE [T I
o—
{2N3906) s Vour-

I LOW-PASS
! FILTER
5K

:(optional)

Figure 9.9: Structure of external temperature senso(Extracted from the ADT7519 datasheet)

» Case of supply current monitoring
Output code format is given in natural binary.
The measured value depends on the signal condiganade in task 9.3.5
A detailed diagram of the structure used to perftrentask 9.3.5 is given in figure 9.10
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+
ash RITV o/ (k+1) Vidd
equivalent load Ve Vr
77
/77 /77

VIdd = Vr.(n+1)/(k+1)

Figure 9.10: Structure used to perform task 9.3.5

According to figure 9.10:

The current Idd trough the resistogeRcestablishes the voltage:¥ Vdd — Idd.Rense

So the voltage Vidd applied at the ADC input isegiby:

Vidd= (Vdd — 1dd.Rens. (n+1)/(k+1)

As Vdd can be monitored,sRse N and k are known parameters, measuring Viddiesab
monitor Idd.

Assuming 7.92W maximal power consumption for ASAhva Vdd voltage equal to 3.3V
gives ldGha=2.4A

Rsensefor example equal to 0.QLimplies a voltage drop across Rsense equal to 2AMm\6
then equal to 3.276V. Setting n=1 and k=2 givesd¥#R1184V. Using the 2.28V ADC
reference, the equivalent output code is 11 11@D @1 natural binary (or 3D4 in
hexadecimal)

Task T9.4
AsAd Monitoring configuration is made by meanslo# SPI interface (c.f. Task T9.2)
Three 8-bit Control Configuration Registers (CCR) @e accessed in read or write operation.

Each CCR contains by default a byte of zeros atgpap.

« The ' CCR is accessible at the address x18 and is fieshown in figure 9.11

D7 D6 D5 D4 D3 D2 D1 DO

0 1 0 0 1 0 1 1

Figure 9.11: ' Control Configuration Register content

D7 at 1 would power down AsAd monitoring devicessithen kept at O

D6 at 1 configures the warning signal (see figufiedhd Task 9.7) to be active high

D5 at 0 enables to emit a warning signal whenVadut, [T°,Rem_T° or VIdd, are out of range
D4 at O is reserved

D3 at 1 enables to use the analogue multiplexérfig. 9.5) 39 physical input

D2 at 0 and D1 at 1 enable the external temperaensing (D+ & D- shown in fig 9.9 are
the F'and 2° physical inputs)

DO at 1 enables the monitoring (by default in rouoioin mode®*).

*The round robin mode corresponds with a cycle molv are sequentially taken
measurements of Vdd, Loc_T°, Rem_T° and VIdd. Galceonversions are completed by the
ADC, the monitoring device loops around for anotimerasurement cycle.
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« The 29CCR is accessible at the address x19 and is fileshown in figure 9.12

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 X X X

Figure 9.12: 2 Control Configuration Register content

D7 at 1 would be equivalent to a software resisttiten kept at O by default

D6 is kept at 0 when using a SPI transfer protocol

D5 at O enables to average Vdd, Loc_T°, Rem_T%\Add values over 16 measurements
D4 at 0 enables round robin mode. Setting it atdbkes to take only one channel
measurement which is defined by the DO, D1, D2 eslModein figure 9.5)

D3 at O is reserved

If D4 at 1 and:
[D0:D2]=000 only Vdd can be monitored
[D0:D2]=001 only Loc_T*° can be monitored
[D0:D2]=010 only Rem_T° can be monitored
[D0:D2]=100 only VIdd can be monitored

« The 3 CCR is accessible at the address x1A and is fieghown in figure 9.13

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 0 0

Figure 9.13: 39 Control Configuration Register content

D7 at O is reserved

D6 is kept at O as this bit is not in use in AsAdnitoring

D5 is kept at O as this bit is not in use in AsAdntoring

D4 at 0 enables to use internal Vref as the reteréor the ADC Ref_sein figure 9.5)

D3 is kept at O as this bit is not in use in AsAdntoring

D2 at O is reserved

D1 is kept at O as this bit is not in use in AsAdntoring

DO at 0 sets the ADC clock at 1.4 kHzq_selin figure 9.5) and enables the active filter
shown in figure 9.9

Task T9.5

AsAd Monitoring can be achieved by readidgld R the valuesAM_Dn) stored in AM
Data Registers

* Vdd, 10-bit value [BO:B9], is available by readi¥dd Value Register MSB at the
address x06 and Vdd Value Register LSB at the add@3
The bit map is given in figure 9.14

Vdd Value Register MSB (Address = x06)

D7 D6 D5 D4 D3 D2 D1 DO
B9 B8 B7 B6 B5 B4 B3 B2
Vdd Value Register LSB (Address = x03)
D7 D6 D5 D4 D3 D2 D1 DO
- - - - B1 BO - -

Figure 9.14: Monitoring the Vdd value
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* Loc_T°, 10-bit value in twos complement format [B@], is available by reading Int.
Temp. Value Register MSB at the address x07 and érhp Value Register LSB at the
address x03

The bit map is given in figure 9.15

Int. Temp. Value Register MSB (Address = x07)

D7 D6 D5 D4 D3 D2 D1 DO
B9 B8 B7 B6 B5 B4 B3 B2
Int. Temp. Value Register LSB (Address = x03)
D7 D6 D5 D4 D3 D2 D1 DO
- : i - - s B1 BO

Figure 9.15: Monitoring the Loc_T° value

* Rem_T°, 10-bit value in twos complement format [B@), is available by reading Ext.
Temp. Value Register MSB at the address x08 andTexhp Value Register LSB at
the address x04
The bit map is given in figure 9.16

Ext. Temp. Value Register MSB (Address = x08)

D7 D6 D5 D4 D3 D2 D1 DO
B9 B8 B7 B6 B5 B4 B3 B2
Ext. Temp. Value Register LSB (Address = x04)
D7 D6 D5 D4 D3 D2 D1 DO
- : i - - s B1 BO

Figure 9.16: Monitoring the Rem_T° value

* VIdd, 10-bit value [BO:B9], is available by readiNddd Value Register MSB at the

address x0A and VIdd Value Register LSB at the esklx04

The bit map is given in figure 9.17

VIdd Value Register MSB (Address = X0A)
D7 D6 D5 D4 D3 D2 D1 DO
B9 B8 B7 B6 B5 B4 B3 B2
VIdd Value Register LSB (Address = x04)
D7 D6 D5 D4 D3 D2 D1 DO
- - B1 BO - - - -
Figure 9.17: Monitoring the VIdd value
Task T9.6

AsAd Monitoring enables to define the acceptabiegeawithin which a measured value can
vary. Such control is made possible by settinguihyger and lower limit¢éR_Dn)of the
ranges. Eight 8-bit read/write register are devaooetthis task:

Vdd High Limit Register (Address = x23)

D7 D6 D5 D4 D3 D2 D1 DO

1 1 0 0 0 1 1 1

Figure 9.18: Default value in Vdd High Limit Regiser (natural binary code for 5.46V)

Vdd Low Limit Register (Address = x24)

D7 D6 D5 D4 D3 D2 D1 DO

0 1 1 0 0 0 1 0

Figure 9.19: Default value in Vdd Low Limit Registe (natural binary code for 2.7V)
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Int. Temp. High Limit Register (Address = x25)

D7 D6 D5 D4 D3 D2 D1 DO

0 1 1 0 0 1 0 0

Figure 9.20: Default value in Int. Temp. High Limit Register (twos complement code for 100°C)

Int. Temp. Low Limit Register (Address = x26)

D7 D6 D5 D4 D3 D2 D1 DO

1 1 0 0 1 0 0 1

Figure 9.21: Default value in Int. Temp. Low Limit Register (twos complement code for -55°C)

Ext. Temp. High Limit Register (Address = x27)

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1 1 1 1 1 1

Figure 9.22: Default value in Ext. Temp. High Limit Register (twos complement code for -1°C)

Ext. Temp. Low Limit Register (Address = x28)

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 0 0

Figure 9.23: Default value in Ext. Temp. Low LimitRegister (twos complement code for 0°C)

VIdd High Limit Register (Address = x2D)

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1 1 1 1 1 1

Figure 9.24: Default value in Vidd High Limit Regiger (natural binary code for 2.28V)

VIdd Low Limit Register (Address = x2E)

D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 0 0

Figure 9.25: Default value in Vidd Low Limit Register (natural binary code for 0V)

Task T9.7

AsAd Monitoring device is able to generate its omarning signal (c.f. Task 9.43'TCR) as
soon as a value stored in the AM data register Tagk 9.5) is found:
0 greater than its high limit defined in Task 9.6
o less than or equal to its low limit defined in T&sk
Once a warning signal has been emitted, two 8taitis registers (read only) can be accessed
to find the parameter that is out of bound.
In the ' status register (address x00),
 Bit D6 value is 1 if VIdd is out of bound
Bit D4 value is 1 if a fault of the remote temperatsensor is detected (open or short)
Bit D3 value is 1 if Rem_T° is below the low lingét in Task 9.6
Bit D2 value is 1 if Rem_T° exceeds the high liset in Task 9.6
Bit D1 value is 1 if Loc_T? is below the low limset in Task 9.6
+ Bit DO value is 1 if Loc_T° exceeds the high lireét in Task 9.6
In the 29 status register (address x01),
 Bit D4 value is 1 if Vdd is out of bound

A read operation of these registers resets theiteos provided that the warning origin has
been corrected.
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The fault detection on any inspected parameterbeaenabled or disabled using two 8-bit
mask registers (accessible for read or write opmTs)t
In the ' mask register (address x1D),

» Bit D7 value has to be 1

- Bit D6 at 1 disables a warning caused by an obiboihd detected on Vidd value

- Bit D5 value has to be 1

+ Bit D4 at 1 disables a warning caused by a faukaed on the remote temp. sensor

- Bit D3 at 1 disables a warning caused by Rem_Tévbéts low limit

« Bit D2 at 1 disables a warning caused by Rem_T¥t asdiigh limit

- Bit D1 at 1 disables a warning caused by Loc_Towdts low limit

« Bit DO at 1 disables a warning caused by Loc_T% @gehigh limit

In the 29 mask register (address x1E), all bits are reseexedpt D4. Bit D4 at 1 disables a
warning caused by an out of bound detected on \afigev
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10.1 Task description

Chapter 10

Identification task T8

AsAd identifier in the whole GET system

D31-D24 | D23-D16 | D15-D12 | D11-D8 D7-DO
User def. Detector R Number || S Number Board ID
0 to 255 0 to 255 Oto 16 Oto 16 0 to 255
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Introduction

Chapter 11

AsAd Power Supply Task T11

AsAd board generates its own 3.3V power supplyagdt(Vdd) from the GET power supply

unit.

A power consumption summary allows evaluating gor@xmation of the current supply ldd

required:

Task to be Involved device Devices | Power/ device| Power/ AsAd
carried out gty/AsaD (mW) (mW)

T1 AGET 4 720 (max) 2900

T2 ADC ADS6422 1 1250 (max) 1250

T4 LVDS receivers 1 70 (max) 70
SN65LVDS348

T5 DAC AD9707 1 60 (max) 60

T6 CPLD XC95288XL 1 280 (typ) 280

T8 LVDS fanout buffers 2 160 (max) 320
ICS8543

T8 LVPECL buffers 2 120 (max) 240
MC100LVEP16

T9 ADT 7519 1 10 (max) 10
All devices 5130
Safety margin 20 % total

1 1040 1040

TOTAL 6170

The 3.3V Vdd should thus supply an approximate lId@Acurrent (6.27W)
In order to minimize energy losses, a low-drop&D@) regulator able to supply the current
required has to be implemented. The ultra-LDO TR®14s a well suited device; the
following task description is thus based on thigicke capabilities.

GET Power Suppl

Enéble

vdd
ldd

Regulation

Figure 11.1: AsAd power supply Task T11
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The regulator output can be tuned at 3.3V with T%ueacy over load, line and temperature
and is able to supply a 3A current. An internakent limit allows protecting the device when
the output current reaches 3.5A and a thermal glioteensures to disable the output when
the temperature reaches 155°C, until the deviceated enough.

The output voltage regulation is independent framgower source as shown in figure 11.2
allowing thus to minimize energy loss. To geneea®3V output VVdd, the power source
voltage can be as low as 3.5V (for a 2A Idd the @olss is only 600mW). On the other
hand, a ¥ as voltage at least equal to Vdd voltage plus 1.62%eguired to make the device
work properly (A 5V voltage able to supply 4mA isoeigh).

BIAS IN  Vgias=5V+5%
¢ l? V|N =3.5V
1 Vour=vdd=3.3V
’—‘ IOUT= 1.9A
Reference + Efficiency = 94%
P q OUTT_CVDUT
N =R, =3.5710
. FB +
Simplified Block Diagram -_
" : :;E.Rzzl.lSIQ

Figure 11.1: Vdd generator structure (extracted fran TPS74401 datashegt

R1 in the feedback loop together with R2 estabfish@d=0.8V x [1+%j
2

Vgias Voltage can be obtained from a MAX 756 (circuihgections are shown in figure 11.2)

INPUT
56kQ 100k 3.5V

3.5V
| OUTPUT
22uH 5V at 200mA
10kQ
1 N5817
[
+
100KQ I]CC.LU
2] . - —
N 3.5V
A
3 4 |‘ AAA |
f REI LED
0.1uf GND

Figure 11.2: Vbias generator structure (extractedrom MAX756 datashee)

The 10K2/100kQ voltage divider enables the 5V output voltage et from the 3.5V power supply
The 100KQ/56kQ voltage divider checks for the 3.5V presence.
If the power supply voltage is lower than 3.5V, tHeD is lit on
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When \gias and My (3.5V from GET power supply unit) are correcthpéed to the
TPS74401 LDO, a 3.3V "enable” signal has to be sent the slow control in order to
supply AsAd (as long as this signal level is OVAAssupply is switched off).

A
MW— J’
Vine IN PG O Vpa

Cin
T 1uF

EN | pmmmm———
Blas TPST4401 OUT [—=

Enable from slow controF— -
L

Vaias E‘T qg -;:;} 1
Caiss GMND FE |—*

T 1uF -
— I:55

O Vour

||
3
[
&
L=
=

- — Optional
Figure 11.3: TPS74401 external connections (extraad from TPS74401 datashegt

The LED shown in figure 11.3 is lit on as long asu¥is kept below 90% of Vdd.
The settling time required to reach a 3.3V Vdd eahostly depends on the)g value. This
capacitor, that represents the sum of all by-pgssapacitances in AsAd, can take any value
without affecting the Vdd stability. If §&yr value is less thandgvalue, Vdd settling time is
given bytsz%

730.107°
The connection between GET power supply and AsAdtdide point to point in order to use
high density connectors. These connectors haveand3A maximal current and must have
a low resistive feature (gold plated connectiorslaast suited).
The Molex 70551 series which have good mechanrocgdgrties (figure 11.4) can be used for
AsAd.

m p: Features and Benefits Electrical
2.a4mm (.100") Pitch W Sizes 210 25 ciruits Voliage: 250
SI. B PCB locks hold header in place until permanently Current: 3.0A
. soldered Contact Resistance: 15 milliohms max.
Wl re-fo 'Bourd B Locking crown secures positive lalch connector Dielflzctric Withstanding Voltage: 1 SUhOV
1o header Insulation Resistance: 10,000 Megohms min.
S I“'O Uded Heuder B Polarization slots guide front ribs of mating Mechanical
70551 conneclor fo prevent pin clumu.ge Insertion force fo PCB: 44.48N (10 Ibs.)
Single Row, .120" Pocket ™ Standoffs minimize flux retenion Durability: Tin — 25 cydles; Gold — 50 cycles
Reference Information .
H A Physical
nghi A“glel Spl“ Peg Product Speciication: PS-70541 Hm’:sing: Bluck polyester, UL 94V-0
Packaging: Tube Contact: Copper Alloy
UL File No. E29179 Plating: See Table
(SA File No.. LR19980 Operating Temperature: -40 o +105°C

Mates with: 70066, 70066N, 70400 and 704306
Designed in: Inches

- Order No. i . Order No. T
Cireits 1504" Tin 154" Gold 301" Gold Lead-ree Creuits 1504" Tin 151" Gold 301" Gold Lead-free

2 705510001 70551.0036 705510071 1 705510013 705510048 705510083

3 705510002 70551.0037 705510072 15 705510014 705510049 705510084

[ 705510003 705510038 705510073 16 705510015 705510050 705510085

5 70551-0004 70551.0039 705510074 17 705510016 70551-0051 705510086

[ 70551-0005 705510040 705510075 18 705510017 705510052 705510087

7 70551-0006 705510041 705510076 ‘e 19 705510018 705510053 705510088 e

[ 705510007 T0551.0042 705510077 bl 705510019 705510054 705510089

[ 705510008 T0551.0043 705510078 i 705510020 705510055 705510090

0 705510009 T0551.0044 705510075 n 705510021 705510036 705510091

n 705510010 T0551.0045 705510080 B 705510022 705510057 705510092

12 705510011 70551.0046 705510081 I 705510023 705510058 705510093

13 705510012 70551.0047 705510082 15 705510024 705510059 705510094

Figure 11.4: Power supply connector (extracted fronMolex datashee}
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