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Abstract - This poster describes the implementation of a SPl-programmable clock delay == ipenaly. shoriboy
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chip based on a Delay Locked Loop (DLL) in order to shift the phase of the LHC clock (25 ns) in

steps of 1ns, with a 4ps jitter and 18ps of DNL. The delay lines will be integrated into ICECAL, T \ clkINT<3:0>
the LHCb calorimeter front-end ASIC in the near future. The stringent noise requirements on powRstin gy /
the ASIC imply minimizing the noise contribution of digital components. This is accomplished rst . I B
by implementing the DLL in differential mode. To achieve the required radiation tolerance ' cIkRef B clkT&H<3:0>
several techniques are applied: double guard rings between PMOS and NMOS transistors as @ VCDL+Mux /
well as glitch suppressors and TMR Registers. This 5.7 mm2 chip has been implemented in = :
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Voltage Controlled Delay Line (VCDL) design:
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e Main features: — ;

e 4 triple-channel DLL-based delay lines:
e 12 LVDS output clocks.
e Full custom design.

Phase detection:
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e Configurability: D e . charge |7
e 25 configurable clock phases (1-ns steps). :» * FF o
e Slow control via SPI. e . . 22208 |
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e Peak-to-peak jitter: 3 ps.

e DLL control voltage fluctuation ~ 1mV. Phase detection is done in two steps: sign is detected by means of a flip-flop, while an

XOR-2 detects the modulus. Combining them charge pump is charged or discharged.
e Process, Voltage & Temperature variations:
e External voltage compensates DLL process variations.
e Internal voltages compensate dynamic variations.

Slow control:
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e Mismatch: Differential Non-Linealirity (DNL): 18 ps. SCLK Address | | confRegSel[31:0] RST
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e Single Event Upset tolerance: triple voting flip-flops. St Regiotel
e Single Event Transient tolerance: glitch suppressors. Reliability:
e Single Event Latch-up avoidance: guard rings.

Guard rings:
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Simulated Measured Suppressor: 5
Frequency range 25~57.3 MHz 35~70 MHz
c Jitter 0.44 ps 5 ps . T o
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