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Research purpose

B Non-binary SAR ADC can achieve ...
B High-speed operation
B Power consumption increased

B This work introduces the solution for the
speed-power trade-off for yield
improvement. ©%

B Propose the method of estimating the “DAC output
settling time and speed margin” at production test.

B Test chip fabrication & its measurements
demonstrate the effectiveness of our approach. ©



Outline

 Background
— Successive approximation algorithm



SAR ADC Block
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SAR ADC is “digital rich” approach.

-> Suitable for fine CMOS implementation.



Binary search algorithm

16 “Principle of a balance”
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Problem of binary search algorithm

“Principle of a balance”

16 . . .
S [ hl lI o | | Binary weight 4bit 4step
earch result has error.
il
1
Error

T
0 :‘:7

0 1 1 1 Dpigital output has error,
Comparator output 7




Error correction with non-binary
Non-binary weight
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Digital error correction principle of
non-binary algorithm

Digital output “9” case

Binary search algorithm Error Correction : Not Available

Comparator output: 100 1

Dout=8+4-2-1+05-05=9 €« Only gne

Non-binary search algorithm |Error Correction : Available

Comparator output: 10101
Dout=8+3-2+1-1+05-05=9

Comparator output: 01111
Dout=8-3+2+1+1+05-05=9
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Outline

— DAC incomplete settling
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Settling of DAC output
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AD conversion time for both algorithms

Binary search algorithm
Stepl Step?2 ‘ Step3 ‘ Step4

< >

Exact DAC settling — Long time\
Total AD conversion time

Non-binary search algorithm /

Step | Step | Step | Step | Step | Step
1 2 3 4 5 6

< >
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Correct incomplete settling error.
Incomplete DAC settling — Short time
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Signal level

Input

DAC settling estimation algorithm
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Comparator output changing point
— DAC settling value
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Setting test at second step (5bit 6step)

Signal level
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Setting test at second step (5

Signal level

Input
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Ideal settling value at second step
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Vo, (K)+ DAC(K +1)*(1—e ™)

VDAC (k +1)

Settling value at second step

DAC Settling
estimation
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Outline

— SA algorithm selection
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SA algorithm selection for
10bit non-binary SAR ADC

Fast chip (1=3.5 ns) Middle chip (1=4.0 ns) Slow chip (1=4.5 ns)

10bit 11step 10bit 12step 10bit 13step
Low-power Middle-power High-power
Step P(k) Step P(k) Step P(k)
1 512 1 512 1 512
2 256 2 256 2 256
3 115 3 109 3 102
4 63 4 62 4 61
5 35 5 36 5 37
6 19 6 21 6 22
7 11 7 12 7 13
8 6 8 7 8 8
9 3 9 4 9 5
10 2 10 2 10 3
11 1 11 1 11 2
12 1 12 1
Even slow chips can meet the spec. (10MS/s)}—* -

with additional power requirement. 18



Outline

* Configurable non-binary algorithm SAR ADC
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Configurable non-binary SAR ADC diagram
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Outline

* Production-time configuration SAR ADC
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Test of the reconfigurable non-binary

SAR ADC
Ramp input CLK
/ Comparator J
:F Binary digital
DAC settling time is the SAR output
dominant speed limiting Logic >
factor of SAR ADC.
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Cooperation with ATE

Configurable
non-binary SAR ADC

DUT

Flash Memory

4

Ramp 1

input DAC incomplete
settling value is

/ ! measured

)

Write optimum SA algorithm
P (k)

Estimate
DAC time constant

(ATE) ATE

Tis large ™) Satisfy speed spec. with large steps

Tis small ) Decrease power with small steps

XATE: Automatic Test Equipment
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Outline

« Test chip design & measurement Results
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Reconfigurable Non-Binary SAR ADC
Implementation and Measurement Results

SNDR

—8— hinary (10-step)
—&— non-hinary (12-step)

A S S SR R R
2 3 4 5 & 7 & 8 10
Fs [MHz]
SNDR comparison of
10step (binary) and 12step (non-binary)

F.,:100kHz

0.18um CMOS
2.5mm x 2.5mm
with two SAR ADCs
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Verification with prototype chip

 DAC settling value estimation by prototype
*DAC output ringing case (ADC_A)
DAC output no-ringing case(ADC_B)
— Verify difference of settling values

S¢ADC_A : without bias capacitance
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DAC settling estimation in ringing case
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DAC settling Is Inc

Signal level

DAC settling estimation in no-ringing case
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Conclusion

*Propose a configurable non-binary SAR ADC.
- Optimal yield

*DAC output settling margin is estimated by
checking comparator output at each step and
ADC output at final step.

Measurement and simulation results validate
the effectiveness of our proposed SAR ADC.
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