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Implementation of Self-Refresh Clock Generation Circuit for
Mobile 1T Memory Using Time-Digital Converter
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Abstract

In this paper, we propose a self-refresh clock generator for mobile memory using a time-digital converter (TDC).
The circuit consists of a temperature sensor to convert temperature to digital data and a refresh clock generator
circuit that outputs a refresh clock in accordance with temperature region. The temperature sensor consists of a
temperature-pulse converter (TPC) using a chain of inverters with the same size and a TDC that converts it to 9-bit
digital data using a reference oscillator. In the refresh clock generating circuit, the converted digital data is divided
into five regions, and a clock corresponding to the data region is generated. Implementation results using a 0.18m
CMOS process show that it is possible to generate variable clocks by dividing the temperature of -40 C~100C into
5 regions, the chip area is 0.124 mm’, and the power consumption is 1.SmW. Compared with the conventional
refresh clock circuit using BGR and ADC, the chip area is improved to 32% and the power consumption is
improved to 72%.
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Temperature Sensor Using TDC 1T-Memory
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Fig. 1. Block diagram of self-refresh clock generation
circuit using TDC
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Fig. 2. (a) Temperature-pulse converter, (b) Pulse
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Table 1. Digital data of TDC according to temperature

Temperature (C) Q2<8:0> QR<7:4>
-40 100000001 0000
=30 100000110 0000
-20 100001011 0000
-10 100010001 0001

0 100011000 0001
10 100100000 0010
20 100101000 0010
30 100110001 0011
40 100111010 0011
50 101000100 0100
60 101001111 0100
70 101011011 0101
80 101100110 0110
90 101110011 0111
100 110000001 1000
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Table 2. Pulse width according to temperature Table 3. Results of clock generation
Temperature (C)| PT (us) | td (us) | Ad/C (ns) Temperalure) - oo | qperia> [Seicags| IO Cvole
) 140 1.09 391 ( C) (ms)
-20 150 1.17 391 -40~-10 | 156~174 {0001 ~0010| 00001 382
0 160 125 391 ~10~10 | 174~180| 0011 | 00010 | 19
20 170 1.33 469
60 194 1.52 313 50~80 |194~202| 0110 | 01000 36
80 202 1.58 391
100 T 165 80~100 |202~211 |0111~1000| 10000 18
t. Average 3.96
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Table 4. Comparisons of temperature sensors

This work Roh(8] Shim[11] Chenl12]
Method TDCl(Inverter delay) BGR+ADC Thermometer with Resistor| TDC(Inverter delay)
Calibration (Level of difficulty) | One-point(Easy) | One-point(Not easy) One-point(Easy) Two-point(Not easy)
Process 0.18um CMOS 0.18xm CMOS 44rm DRAM 0.35um CMOS
Supply voltage (V) 33 33 1.1 3
Temperature range (C) -40 ~ 100 0~8 0~ 100 0~ 100
Resolution () 1.09 0.0088 1.94 02
Conversion rate (S/s) 10 333k 125 10
Power consumption (W) 1.10 2069 0.36 150
Area (m) 0.046 0.245 0.0413 0.025

E 5 ApElzae 2S4Y4ERe MUY §4 H|I

Table 5. Comparisons of electrical characteristics of self-refresh clock generation circuits

This work Roh(8]
Method TDC-based Temp Sensor + Clock Generator BGR+ADC+ Clock Generator
Process 0.18 um CMOS 0.18xm CMOS
Supply voltage (V) 33 33
Temperature range (C) -40 ~ 100 -40 ~ 100
Resolution (C) 1.09 0.0088
Power consumption (mw) 1.50 207
Area (mr) 0.124 0.393

33 7|1 Aol 8@ £3 RobA[8]ze] 54 wwE BojEeh
¥ 2= WAL Rohd4e) 32% ol A

o} 3 2EATE QA gornE Aphg|wys
E 4e A 4ol exaMsh 712 e FRANIREE 2 9FE A gt
LEAAN BAE BAET AYARHAA B g2 a8 AEHold AATE A ='{10)%
233y TEo| LIS AR ChendA[2ol}  HIEEW, AYARE EE{101S 14mWE 2B 3
RohA[s1RcHe £3, Shim$4[11)7He Agasr ko] AHRES] oz o oy wae opd
o yHIGH HLF AYARE zvet wzre B 2RAME FEHC =E[8)Y A7 £FES
Roh¥A1 BT 21, ShimiH2e] vl E 2H<S 1 7 2 A ETE WEo] F ZloR od:
Ao Zou, Chendalol] Hlgjxe Atk
B4 o ZAE WAo® JA wHel 7kE v. 2 2
3kal, BIT9 A&o] obd CMOSERF FAE 0] 4
Aokl Ax, FY A7)0 AHER AT L& £ =EdMe AZ-HAERETE o] &ato] &
A 71 AdolHE FEFe] 54 wAel  mo JhiAQ F2AAEZE AASAE
s, 2o wel gAE HeolHE wWdtehe 2R
R 52 A TDCHA =AM E ol 88 A7k o AAE x4 252 HuHoR ZEse
Y4 Z2AX3Z9 7|2 BGRFY ADCE ©] grys 5 AEIEE 749 AASa, 0.18m



Journal of KIIT. Vol. 15, No. 12, pp. 61-68, Dec. 31, 2017. pISSN 1598-8619, eISSN 2093-7571 67

CMOSEHS AH&ste] S Fdat4th 78 25

~40T~100CY £52 57 9doz LR 7}

22 QYAol 7Vsstgnh. H WAL 0.124mm’0]

LN HHEARE 15SmWE ARESI o]

71%9] BGR¥} ADC Hjoz &3k o] H]
x A=)

3, WAL 32% FEolal HAEALEE N% FFES

e B e

References

[1] Sang-Ho Lee and Seon-Ho Jang, "Market and
Technology Trends of DDI", The Magazine of the
[EIE, Vol. 33 No. 3, pp. 39-47, Mar. 2006.

[2] U. G. Min, H. J. In, and O. K. Kwon, "A real
time video data adjusting method for active matrix
organic light emitting diode displays with high
image quality", IEEE Trans. on Consumer
Electronics, Vol. 55, No. 4, pp. 2372-2376, Nov.
2010.

[3] Bo-Sung Kim, Young-Gi Kim, and Soon-Yang
Hong, "Low Power 260k Color TFT LCD
One-Chip Driver IC", Proc. of 5th International
Symposium on Quality Electric Design, pp. 126-
130, Feb. 2004.

[4] J. Y. Sim, H. Yoon, K. C. Chun, H. S. Lee, S.
P. Hong, S. Y. Kim, M. S. Kim, K. C. Lee, J.
H. Yoo, D. 1. Seo, and S. I Cho, "Double
boosting pump, hybrid current sense amplifier, and
binary weighted temperature sensor adjustment
schemes for 1.8V 128Mb mobile DRAMs", Symp.
on VLSI Circuit Digest of Technical Papers, pp.
294-297, June 2002.

[5] Hak-Yoon Kim, Sang-Rok Cha, Bo-Sun Lee,
Yong-Cheol Jeong, and Ho-Yong Choi, "Design of
Graphic Memory foe QVGA-Scale LCD Driver
IC", IEEK, Vol. 47, No. 12, pp. 31-38, Dec.
2010.

[6] Jae-Yoon Sim, "Circuit Design of DRAM for
Mobile Generation", Journal of Semiconductor
Technology and Science, Vol. 7, No. 1, pp. 1-10,

Mar. 2007.

[7] T. Hamamoto, S. Sugiura, and S. Sawada, "On the
Retention Time Distribution of Dynamic Random
Access Memory (DRAM)", IEEE Trans. on
Electron Devices, Vol. 45, No. 6, pp. 1300-1309,
June 1998.

[8] Gil-sung Roh, "Design of self-refresh clock
generation circuit for 1T-based graphic memory",
Master Thesis, Chungbuk National University, Feb.
2013.

[9] Seon-Young Oh, Dae-Seong Yook, and Sang-Hee
Son, "A Study on the Temperature Sensor
applicable to LCD Driver IC", Journal of KIIT,
Vol. 9, No. 1, pp. 1-9, Sept. 2011.

[10] Gil-sung Roh, Hak-Yoon Kim, Myung-Hak Lee,
and Ho-Yong Choi, "Design of Self-Refresh Clock
Generation Circuit for 1T-Based Graphic Memory
Using Voltage Controlled Oscillator", Journal of
KIIT, Vol. 12, No. 6, pp. 15-21, June 2014.

[11] D. Shim, H. Jeong, H. Lee, C. Rhee, D. K.
Jeong, and S. Kim, "A Process-Variation-Tolerant

CMOS
Temperature Compensated Self-Refresh of Low-
Power Mobile DRAM", IEEE J. of Solid -State
Circuits, Vol. 48, No. 10, pp. 2550-2557, Oct.
2013.

[12] C. C. Chen and H. W. Chen, "A Low-Cost
CMOS  Smart Temperature
Thermal-Sensing and Pulse-Shrinking Delay Line",
IEEE J. Sensors, Vol. 14, No. 1, pp. 278-284,
Jan. 2014.

[13] Henri J. Oguey and Danial Aebischer, "CMOS
Current Reference without Resistance", IEEE J. of
Solid-State Circuits, Vol. 32, No. 7, pp. 1132-
1135, July 1997.

on-Chip Thermometer ~ for  Auto

Sensor Using a



68 AZ-tIAE RIS o] mutd 1T Wme)§ Apt-elzes 25 443z 74

K RpIH

2l c} & (Da-Sol Won)
20133 29 : FEUgw
A IH(F B
2015 29 : FEUEn
HHE A F (AN
2015 3¢ ~ A AeEgx
FIHrd
P&k : DDI 3|2 AA|

Z A 2 (Jin-Won Kim)

20173 2¢ : FEUgw
AAFE(F S

2017d 3¢ ~ 84 SEYEa
HEE A F 8t Aty
AR} ANz A3Z A7

%z & 2 (Ho-Yong Choi)

19801 29 : Aethstn
AR 82 (F S

1982'd 22 : KAIST
AAZ T (F AN

19943 39 : Al
A 8 (F e })

199%d 9€ ~ A SEUEA

A g
ZAEoF : DDI A7, Graphic HIEE] 47,
AEuieA 32 A7)



	시간-디지털 변환기를 이용한 모바일 1T 메모리용 자가-리프레쉬 클록 생성회로 구현
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 시간-디지털변환기를 이용한 자가-리프레쉬 클록생성회로 설계
	Ⅲ. 구현 및 측정 결과
	Ⅳ. 결론
	References


