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Abstract In this paper, a 512b MTP memory IP is designed by using MTP memory cells which are
written by the FN (Fowler-Nordheim) tunneling method with only MV (medium voltage) devices of 5V
which uses the back-gate bias, that is VNN (negative voltage). The used MTP cell consists of a CG
(control gate) capacitor, a TG (tunnel gate) transistor, and a select transistor. To reduce the size of the
MTP memory cell, just two PWs (P-wells) are used: one for the TG and the select transistors; and the
other for the CG capacitor. In addition, just one DNW (deep N-well) is used for the entire 512b memory
cell array. VPP and VNN generators supplying pumping voltages of +8V which are insensitive to PVT
variations since VPP and VNN level detectors are designed by a regulated voltage, V1V (=1V), provided
by a BGR voltage generator.
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Table 1. Comparisons of MTP memory IP densities and
sizes.

Ref. | Memory Cgll Turjnel PGM
No Process Size Oxide Voltage
) (] Thickness g

| 1 121 | 85A 12v
Logic

mo |0y 110A v
Logic

| 9% 625 | 85A oV
Logic

g | O 70A v
Logic
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Fig. 1. MTP memory cell: (a) circuit and (b) layout plot [7].
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Fig. 2. MTP memory cell: (a) circuit, (b) cross—sectional
view of process, and (c) layout plot [5].
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Table 2. Bias voltage conditions of the MTP memory
cell according to the operational modes: (a) in the
erase mode, (b) in the program mode, and (c) in
the read mode [5].

(a)
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Items Main Features

MTP Cell Array 32R X 16C
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Write Time 5ms
Access Time 200ns
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Fig. 6. Timing diagrams: (a) in the erase mode, (b) in
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Table 4. Output voltages of the switching powers
according to the operational modes.
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Fig. 8. Circuit of DOUT buffer.
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Table 5. Target voltages of the DC-DC converter
according to the operational modes.
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Fig. 13. Simulation results of cell with respect to the
control signals in the write mode: (a) erase mode
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Fig. 15. Measurement result of VT with respect to cell
program voltages for the manufactured MTP
memory cell [5].
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Fig. 16. Measurement result of current in case of the
erased cell for the manufactured MTP memory cel
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Fig. 17. Performance test results of the manufactured
MTP memory.
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