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Schematic of LDO circuit
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Introduction
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* [TkPixVI| modules will be operated in a serial power chain, suppying .
a constant current L | |Ls |
* To allow this, the chip has a SLDO circuit, which powers the main gnd
load (the chip) and the internal load (shunt element)
V 4 o
* The shunt element is designed such that it achieves the required Schematic of SLDO VI curve
input current, regardless of what the chip does AV _ Rewn
T ANk .
* PutinV,, which regulates voltage toV,,, —  ( Vin
. . . avin ] :
* Linear behaviour drivenby R, | Feme--—s : : x— Vour
* Offset voltage Vj (or V) is set by a separate circuit Vo 4-- 3 R E
* Overall behaviour can be described as: Al E "
Vin =W E
Lin=I11+1y= ——— [Vin>V0] E
Rest VN
In
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Vofiset g€NEration circuit

Low power mode circuit

Vi|nA
Iref Offset
Mirror startup
circuit
* In nominal operation we need a current of ~6 A, to achieve the
required operating voltage of ~1.8V (for an SLDO output voltage of {'7{?('73/] ------------- A s '
externa .
1.2V with some overhead) Vofs_halt E
—> Chips require active cooling during operation like this Rofs1 Iihvops,Lp
. . o L . Rofs2 | :j|—EqNA°
* This complicates running quick tests to establish chip healthiness, e.g. GND g

during detector commissioning

v Schematic of SLDO VI curve

* Chip has the capability to run in low power mode, where not all chip o R

functionality is available, but e.g. reading/writing registers can be T Vin

checked v !

! i T Vout

* Enabling low power mode is implemented in the chip through a switch Vo 47" 3 4o

(internal to the chip), and two external resistors Ry, and R T A a :

| 2Veer

—> By default the switch is conductive, meaning only resistor R, is used

(leading to a nominal V¢ of around | V) i
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Vofiset g€NEration circuit

Low power mode circuit

Vi|nA
Iref Offset
Mirror startup
* If the switch is turned off, both R +Rs, are used, leading to a larger circuit
offset voltage mtemal gvorsout
* In turn, this means that the required SLDO output voltage of 1.2V is — Vofs_half ,
reached at lower currents

Rofs1  ivoFs Lp
Ven]

o . : Rofs2 | :]_EEAC
* The switch is turned on and off by providing an AC signal GND
—> Use AC signal, because ground is not well-defined in a serial power vV 4 .
chain Schematic of SLDO VI curve
AViN _ Rshunt
—> Only planned to be used during commissioning, when it is possible to bl s Vin
provide this signal externally using a function generator S |
________ ! i T Vout
“ - sl i
* But, in the meantime we need to be able to test this functionality D . |
during module QC ‘ | 2Vier
—> Provide the AC signal via the DisplayPort cable directly from the YARR ;
FPGA .,
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YARR implementation

* Implemented executable in YARR, which writes several registers that steer parameters for enabling low power mode:

./bin/switchLPM on/off

-e <int>: enabled TX channels (from binary number, e.g. for 1111 provide 15)
-s <int> spec number

-f <int> AC signal frequency in kHz

* Can send one signal per DP port on Ohio card = by default all of them are switched on or off, but there is the
option to select which ones you want

* Spec number is configurable (default is 0)

* Can select which AC signal frequency to use = requirements is > 80 kHz for a square wave signal
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FW implementation

OUtPUt AC Signa' low power mode pulse and control register

* Implemented AC signal by scaling one of the standard
clocks (160 MHz) in the firmware:

* Define low power mode enable signal
* Take 160 MHz clock to drive a counter

* If counter is about a certain number (set by frequency
parameter), switch the low power mode signal

—> Get AC signal with a particular frequency

* Depending on the enable register, output the AC signal to
one of the FPGA pins which is then connected to one of
the pins on the display port
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| 1pm_pulse_o| <= 1pm_pulse_s and|ctrl_reg_0_s(c_TX_CHANNELS-1 downto 0);

Enable register

—— [e) -y f ( L

1pm_pulse_gen: process(clk_160_s, rst_n_s)
begin
if (rst_n_s = '0') then
lpm_pulse_s <= (others => '0');
lpm_cnt <= (others => '0');

elsif (rising_edge(clk_160_s)) then .
UL <= TmEre @ i Counter condition based

ctri_reg_1_t <= ctrl_reg_1_s; ©N set frequency
if (ﬂpm_cnt >= unsigned(ctrl_reg_1_t) } then
lpm_cnt <= (others => '0');
lpm_pulse_s <= not 1pm_pulse_s;

end if;
end if;
end process 1lpm_pulse_gen;
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AC pulse testing

* Tested low power enable on ITkPix Quad

* Data adapter card has low power enable pins (which should
have a jumper if using low power mode)

jobh ©
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0f
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* Can also probe the low power enable signal on these pins

3
2198u347

FanNo's ‘s
ans(e[s.

—> Firmware seems to generate the signal with the desired
frequency
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Tested low power mode by taking SLDO VI curves

Nominal

Voltage [V]
Voltage [V]
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Note: To make full use of low power mode also need to low power config (switching off all core columns and preamplifier)
With low power mode enable it is possible the reach an output voltage of 1.2V already at a current of ~2 A

—> Enabling the low power mode from the YARR DAQ works as expected and is ready to be used in QC
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Powering circuit

Vin D
"Ltrl
RS un
[] o Vofs
-
%ut = 2V7"6f - +
- Ad
M7 j
+
R2 M4 ] A3 C m
S |
M5
Gnd < M6
Maria Mironova 31/03/2023 10




