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Optimization of temperature measurement based on FPGA ring oscillator circuit
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Abstract ; The ring oscillator (RO) , as an FPGA-based temperature sensor, has been widely applied in the field of temperature detection
due to its advantages of simple structure, low cost, and ease of integration. However, the temperature measurement accuracy of ring
oscillators is susceptible to multiple factors, including the number of inverters, inverter layout, oscillation frequency, sampling duration,
sampling interval, and cooling time, which are critical design and operational parameters. Therefore, optimizing these parameters to
enhance measurement accuracy holds significant research importance. This paper systematically analyzes the impact of these key
parameters on the temperature measurement performance of the ring oscillator using the control variable method. Firstly, experimental
studies on the influence of different inverter counts on oscillation frequency and temperature error reveal that increasing the number of
inverters decreases the oscillation frequency. Further experiments demonstrate that optimizing the inverter count to 40~ 48 achieves the
best measurement accuracy and resolution. Additionally, this paper performs an in-depth analysis of the inverter layout, finding that the
delay caused by interconnections between left and right slices within the same configurable logic block (CLB) is significantly greater than
that of interconnections across CLBs. Through layout optimization and the selection of specific configurations, the delay can be effectively
increased, thus improving measurement accuracy. By comparing various parameter combinations, such as sampling duration, sampling
interval, and cooling time, the optimal system parameter configuration is proposed. The experimental validation under the optimal

parameter combination shows that the temperature error can be reduced by at least 0.5 “C. In the environment of 25 °C ~ 85 °C,
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compared with the comparative parameter combination, the average temperature error has decreased from 2.0 C to 1.2 °C, which is a

reduction of 0.7 °C. Furthermore, at temperatures above 65°C , the temperature error remains consistently controlled within +1°C. The

final results demonstrate that the parameter optimization method proposed in this paper significantly enhances the temperature

measurement accuracy of the ring oscillator, providing strong support for the design and application of FPGA-based temperature sensors.

Keywords ; temperature sensor; ring oscillator; sensor array; field programmable logic gate array (FPGA)
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Fig. 1 Simplified time-domain temperature sensor structure
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Fig. 2 Ring oscillator circuit structure
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Fig.3  Optimized time-domain temperature sensor structure! "’

1.3 TDC i&it

]85 B 4 vt — > 16 bit 19 Z 350 4
A, 4 START #i i 2 J5 , H TS_OUT i Hi & Ha S 4 i
o, TDC FFIRIHEL, R 3 2 ¢, X7 TS_OUT i#47
SKEETHEC, IR TDC A28 . %185 FPGA %I
PSRRI, AR SO BBl Ay R A U A TR 8 TG — A
TDC, i &1k T B A5 kg AL — A4 TDC™

ST Y A% SR (A5 A0 TS P B B i+ TS_OUT 22
WA I N —R i D, , K 4 FiR, SEEER
JEAE AR Y START 15 S8 h i o , % I8 B A% s BL (A%
RO L i TS_OUT ¥ #3638 & TDC, R IR
L P A AR T TN BCR A, DU A3 R R I8 i 1
t,. PJEIEIAT DLE R (2) T (g L L IAEIR ) |

by =Nt =20Nt,,, (2)

{15 TDC i H Y w5 A isF 5 2, 2 10 ns, BV 4
100 MHz, 7E2A K RAETR TDC Byl D, 7l LU (3)
B,
tw 20Nt

t

D,, = (3)

l helk l helk

Hrb, 1y, AT LA f—>15 i R DG A 28 BRI




53 3

BT FPGA IR L B 1 R RE I B e A - 105 -

TR FEX AR R ORBERT ¢, BRI A £ SR
Mo B, HFREXATLIER .

Ly = PT" (4)

Horp, PR —MURIHRI B OCHY R AL, TR,
a BSOS TEOC I R, HAEFARS TN 2
—ANEEAAEBREOU T o B ETE 1.2~21 ) B
FEIHEL o (HHHEIMB &S, &% TDC M d D, W]
PAZR N

t gate

D, =2nNPT® (5)
t/u'lk

TERHE FPGA M b B A WU R A % N AR B4k
AR TN B, PR o YRR BEE R E
TSN, D,, WA, D, 5 T Z[AE—FHE
MR,

= TDC EN
M~_ .;':[?:.» - ]
START #1' : SeﬁsorA#l -
o ™ pe
%'Z *—f ,7 - Convertor ——>——
START #2 " Sensor #2 7| (16Bit) D, (16Bit)

START#16 Ser{sor #16
Sensor SEL[3:0]

E 4 ZAERERILHA— TDC #H s i 2544

Fig.4 The structure of multiple sensors sharing a TDC converter
= A
2 KRR

X TR MIEIRG B, — e AR R 3
AR R R SRR AN, WAl 5 s
1 RARHO 32l
Iﬁﬁ}%#}wiﬂwla&#Iw} ...... I
E5  HIBIRY H S5

Fig. 5 Ring oscillator circuit structure
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Fig. 14 Temperature error at different

invertor layout schemes
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