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Outline

▪ 14-bit Pipeline ADC

▪ Frontend 6-bit Coarse SAR-ADC

▪ Residue Amplifier

▪ Backend 9-bit Fine SAR-ADC

▪ Auxiliary blocks

▪ Performance of the 14-bit Pipeline ADC

▪ Radiation testing
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Block diagram of the 14-bit, 80 MS/s Pipeline ADC
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Frontend 6-bit Coarse SAR-ADC
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Frontend 6-bit Coarse SAR-ADC
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Process FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS

VDDD [mV] 902.5 902.5 902.5 902.5 902.5 902.5 902.5 902.5 997.5 997.5 997.5 997.5 997.5 997.5 997.5 997.5

VCM [mV] 475.0 475.0 475.0 475.0 475.0 475.0 475.0 475.0 525.0 525.0 525.0 525.0 525.0 525.0 525.0 525.0

VREFP [V] 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

Temp. [ºC] -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85

▪ Design variables: VIN = -1.0 dBFS, FIN = 61/128 × 80 MHz, with transient 
noise active and ideal supplies/references



Residue Amplifier
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Residue Amplifier
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Process FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS

VDDA [V] 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26

VDDD [mV] 902.5 902.5 902.5 902.5 902.5 902.5 902.5 902.5 997.5 997.5 997.5 997.5 997.5 997.5 997.5 997.5

VCM [mV] 475.0 475.0 475.0 475.0 475.0 475.0 475.0 475.0 525.0 525.0 525.0 525.0 525.0 525.0 525.0 525.0

VREFP [V] 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

Temp. [ºC] -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85

▪ Design variables: VIN = 19 mVdiff, FIN = 61/128 × 80, with transient noise 
active and ideal supplies/references



Backend 9-bit Fine SAR-ADC
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Residue Amplifier and Backend 9-bit Fine SAR-ADC
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Process FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS

VDDA [V] 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.14 1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26

VDDD [mV] 902.5 902.5 902.5 902.5 902.5 902.5 902.5 902.5 997.5 997.5 997.5 997.5 997.5 997.5 997.5 997.5

VCM [mV] 475.0 475.0 475.0 475.0 475.0 475.0 475.0 475.0 525.0 525.0 525.0 525.0 525.0 525.0 525.0 525.0

VREFP [V] 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

Temp. [ºC] -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85

▪ Design variables: VIN = 19 mVdiff, FIN = 61/128 × 80 MHz, with transient 
noise active and ideal supplies/references



Pipeline ADC synchronization mechanism
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Flip-Flop D implementation
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▪ Used to improve hardware fault 
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Improve circuit robustness to radiation (SEL)
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Layout approach used to improve circuit 
robustness to latch-up due to radiation

1) An outer N-well guard-ring and power rail 
around the PMOS devices

2) N+ TAP to adequately separate the PMOS from 
the NMOS devices

3) A ground rail reinforced with metal M2 to 
match the power rail resistance

4) P+ TAP to adequately separate the NMOS from 
the PMOS devices

5) Depiction of the N-well layer

▪ All NMOS devices have insulated PSUB (deep N-
well transistors model) and every logic gate in 
the ADC use this design approach



Pipeline ADC digital correction logic
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Pipeline ADC digital correction logic
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▪ At full scale, the pipeline ADC will be (28 codes) over 14 bits

▪ Codes need to be pushed (27 codes) down

▪ Overflow and underflow correction logic needs to be implemented

b14_adc b13_adc b12_adc b11_adc b10_adc b9_adc b8_adc b7_adc b6_adc b5_adc b4_adc b3_adc b2_adc b1_adc b0_adc

FE - 1 1 1 1 1 1 - - - - - - - -

BE - - - - - - 1 1 1 1 1 1 1 1 1

Pipeline 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1



Pipeline ADC DCL – Dealing with over/underflow
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▪ ADC output smaller than subtracting number, b15_adc is ‘0’ ⇒ underflow

▪ ADC output larger than subtracting number, b15_adc is ‘1’ ⇒ no underflow

▪ ADC output larger than 14 bits + subtracting number, b15_adc and b14_adc are ‘1’ ⇒ overflow
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Estimating effect of bonding wires and PADs
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2 pF 2 pF

                  4 nH
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▪ Identical network used for external VSS signal

▪ Equivalent network used to obtain a good estimate to the value of the 
decoupling capacitor needed to get a clean supply inside the chip



Performance of the 14-bit, 80 MS/s Pipeline ADC
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Process FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS FF_CF FF_CF FS_CT FS_CT SF_CT SF_CT SS_CS SS_CS

VDD [V] 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89

Temp. [ºC] -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85 -40 85

▪ Design variables: VDD = 1.8 V, VIN = -0.5 dBFS, FIN = 61/128 × 80 MHz, with 
transient noise active and real supplies/references/bandgap



Performance of the 14-bit, 80 MS/s Pipeline ADC
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▪ Design variables: VDD = 1.8 V, VIN = -0.5 dBFS, and FIN = 61/128 × 80 MHz

Typical corner Worst corner



Performance of the 14-bit, 80 MS/s Pipeline ADC
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▪ Design variables: VDD = 1.8 V and VIN = -0.5 dBFS

▪ Bandwidth > 1.3 GHz
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Performance of the 14-bit, 80 MS/s Pipeline ADC
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▪ Design variables: VDD = 1.8 V and VIN = -0.5 dBFS
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xRC performance of the 14-bit, 80 MS/s Pipeline ADC
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Fin
[MHz]

ENOB
[dB]

SNR
[dB]

SNDR
[dB]

THD
[dB]

0.781 11.04 68.97 68.22 -75.65

38.125 11.03 68.71 68.19 -75.26
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Block Power

14-bit Pipeline ADC 3.22 mW

LVDS Input
Clock Interface

4.48 mW

Phase Generator 97.63 µW

Bandgap 459.60 µW

Analog LDO 6.69 mW

Digital LDO 5.15 mW

Buffer VCM 2.98 mW

Buffer VREF 6.21 mW

Total 29.30 mW



TID TEST CAMPAIGN: BIASING FOR JLCC-84 and TEST PCB
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5 parts ON (AVDD=1.8V, DVDD=1.8V) and 5 parts OFF

Bias circuit for each ON sample

TID radiation biasing PCB with ON and OFF samples 

QADC performance measurement PCB



QUAD-ADC TID: Radiation and measurements results
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▪ TID radiation conditions
• 100krad cumulative dose (Cobalt-60 source): 

o Dose rate of 210 rad(Si)/h
o Six exposure steps

• Annealing 
o 24h at 25ºC 
o 168h at 100º C

▪ Evaluation of the performance of the QUAD-ADC
• Static parameters: INL, DNL
• Dynamic parameters: SNR, THD, SINA, ENOB, SFDR

▪ Results: 
• The static and dynamic performance of the converter was not significantly affected 

by the TID irradiation
• The power consumption of the converter remained constant



QUAD-ADC SEE Test System
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SEE test system inside the radiation chamber: general view SEE test system inside the radiation chamber: main PCB



QUAD-ADC SEE Test: Conclusions
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Three samples of the converter were irradiated with heavy ions, with 
energies up to 62.5 MeV.cm²/mg, while monitoring its operation with the SEE 
test platform. From the experimental results of high energy ion irradiation on 
the QUAD-ADC it can be stated that:

▪ The ADC1480 is immune to SELs up to at least a LET of 62.5 MeV.cm2/mg

▪ When the device is exposed to radiation, the consumptions on the analogue and 
digital sides remain unchanged within their nominal values up to at least a LET of 
62.5 MeV.cm2/mg

▪ The converter remains functional, i.e., no SEFI has been observed, up to at least a LET 
of 62.5 MeV.cm2/mg

▪ ADC transient OOR conversions occur from a LET of 46.1 MeV.cm2/mg
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