Readout electronics for the Silicon micro-strip detector of
the ILD concept
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. . . . . . Mixed-signal ASIC:

- Micro-strip silicon detector (50um pitch, 300um wide, variable length): Si ADC . ASIC detectors includes 16 ~ 256 channels,
sensor for the tracker in the future ILC. Usually, 256 Si-ustrips/module. o wc | REGISTER || [where each channel has both analoa and
« Multiple channels are interrogated by a single multichannel chip. Preamplifier + shaper e o9 Pene digital circuits (the analog part is com Iegx)
« Figure 1 shows the typical structure of a readout system also presented y latchl | GRAY LgOW ower and |go\r/)v noise P deéi n
In previous works (ABCD3T, APV25, Beetle chip, MX6, VAl, KPiX or| [input coarsfe D_ COUNTER ;equirempents o
SiTRK) |

« Pre-amplifier (CSA): integrates the generated charge (e/h pairs) ref A1l sormiees : .

« Shaper: LPF + HPF (order 1), filters noise and produces a slower pulse. —h/; Analog beﬁz\ljiropu()r? 322@'ﬁpvtvi%rnk'of blocks at

Pineline: . : share OUTPUT * . .

SPIgpeeeléne. The shaped pulse is stored for later A/D conversion at low o i > | 2ureut | the required level of detail.
] stamp, event stamp, " I I -
« Sparsifier: Hit detection. Usually composed by a comparator. calibration, A/D conversion | ;r%(;hgr%agﬁageeslgn of the input stage (pre
« ADC: Included in advanced readout systems. Figure 1: Silicon strip detector ASIC internal structure |, Noise study

Preamplifier Shaper . Detector mode
e - Pre-amp and Shaper Power supply: 1.2V
e e - Sparsifier composed by an OPAMP - Power consumption < 380
& Schmitt trigger (3 adjacent uw
channels compared against a - Full scale: 100 MIP (1 MIP
Detector__| | | G=-1k | 6200 | Shaper reference). = 24000 e-)
input BW = 100k I e output| |- Analog pipeline + ADC (12 bits) - Amplifier:
/ - Used to define key parameters of + Gain ~69dB
each module. * 3dB-BW ~ 55 kHz
. PM ~ 66°
Figure 2: Preamplifier — shaper simulated circuits Transient Response - Main noise contribution
” Lo e o of the circuit.
' - Equivalent Noise Charge:
O NAT 7s - ENC =a + b C, (where C,
N A \ . is the capacitor of the
S / v T - : . =3 ﬂ%ﬁa’f‘* detector)
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Figure 3: Sparsifier simulated circuit. Figure 4. Shaper (magenta), Pipeline Figure 5: CSA: Folded cascode with gain-boosting.

(green), ADC-DAC quantization (green).
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- Amplifier: ET @
« Gain ~60dB Current | 300um | 180e- | 7.7e-/pF | 326e- N W : T-
t B - vt —@ E— -
] L .o + 3 dB-BW ~ 90 kHz bmsed | 200um | 228e- | 7.7e-/pF | 374e- e T2 o G
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Figure 6: Schematic of the shaper . Table I: Noise comparison for each configuration ? 1= | Er: -=|F: e
- - =YR he e
Shaper feedback resistor: o Pre-amp and Shaper noise problems due e piy ™
- Polysilicon resistor | N A to non-ideal current biasing - Vv -
. Large area - Scaling up |,,s from a reference
) Activge resistor: o current source vastly increases the
e S » ' Vor2—a- -2 noise Figure 8: Schematic of the designed Shaper
gllr?glllelvtraln\f;'itgtzogosr;Iy suitable for i - Current references with lower current _ _ _ — _
. Other ogtsions explored (figure 7) but o1 — [ Cagnd relation implies higher consumption| |- The voltage in the resistor Is divided with N
. ) . . but lower noise transistors.
tﬂ:tnhc;lfrﬁélsntgi(;er;lgh (about 6 times i - Introducing a filter in the reference| |- ~ GQ equivalent resistor. | |
. Resistor demagnification Figure 7: Schematic of an current reduces the power spectral| |- VGATE ~ constant (gate is capacity-coupled to
active resistor solution density (PSD) source)

1. A top-down design flow based on behavioural models is applied to this| Froniend A (o) |BleJoF)[Shaping time ACKNOWLEDGEMENTS
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