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THE MINIMIZATION METHOD OF THE THERMAL DRIFT
INFLUENCE ON ANALOG INTEGRATED CIRCUITS

The existing offset cancellation methods are based on digital-to-converters (DAC)
and the calibration paths. During thermal drift the parameters of transistors in calibration path
change, which increase the offset of the system. The proposed offset cancellation method
includes current DAC which is directly connected to the output of the system. The absence
of the calibration path makes the circuit more stable during temperature drifts without
voltage-current-voltage conversion. The offset variation of the circuit during thermal drift is
reduced 19 times (1.42 mV). The circuit occupies 43.2 % less area as in the current DAC,
only transistors have been used instead of the resistor-transistor structure of voltage DAC.
Power consumption increases 7 % as the branch of the current DAC is always on.

Keywords: analog, integrated circuits, offset, digital to analog converter.

Introduction. In modern integrated circuits (IC), operating frequencies have
been raised to hundred Gbps, resulting signal degradation after the channel to a
very high level of concern [1]. In modern high-speed serial-links, transmitter-
channel-receiver structures are used to transfer the data. A channel is the line which
connects the transmitter and the receiver. It acts like a low pass filter, which means
that higher frequencies will be more affected in the input of the receiver [2]. To
overcome the channel effect, a continuous time linear equalizer (CTLE), and a
decision feedback equalizer (DFE) circuits are proposed [3]. DFE is a more
complicated circuit which has nonlinear equalization and is used to cancel the inter
symbol interference (ISI).

CTLE (Fig 1) is a differential-pair-based circuit which has a different behavior
in low and high frequencies. It acts like common source amplifier in high frequencies
and common source amplifier with source degeneration in low frequencies. It gives
a chance to have a circuit with an inverse channel behavior and compensate high
frqeuency rejection by the channel [4].
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Fig. 1. CTLE circuit and gain values in low/high frequencies

To minimize the offset of such circuits, digitally assisted offset cancelation
techniques are used [5-7]. The structure of such circuits is based on R-string
digital- to-analog converters (DAC) connected with calibration path which
minimize the offset by inserting additional current to the output of the system (Fig.
2). Such a method reduces the offset till millivolts, but considering the fact that
modern circuits are operating in nonstandard environments where external
conditions could be changed even after calibration, it has some disadvantages.
During the temperature drift, the threshold of transistors in the calibration path
changes. It can affect the transistors operation leading them to triode or cut off
states.

The CTLE offset cancellation circuit has been designed by the SAED 14 nm
FinFet technology (Fig. 2) [8], and HSpice simulations have been performed. The
thermal drift effect has been checked for the CTLE circuit (-40°C to 150°C drift).
The idea is that the circuit can startup in one temperature condition with defined
codes during the calibration process and continue working in another conditions. In
ICs bandgap reference is widely used, which provides temperature independent
constant voltage [9], but in case of CMOS structured operational amplifiers and
equalizers the temperature variation may affect the circuit functionality.
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Fig. 2. CTLE circuit and gain values in low/high frequencies

The circuit has been verified with constant gy, circuit-biased current [10] and
temperature independent bias current to understand the thermal drift effect for both
cases.

In case of the current from the constant g, circuit (Fig. 3 a) the thermal drift
impact on the offset is small on low codes as the calibration path works as a
differential amplifier (DA) and the constant g, current compensates the gain
variation depending on temperature. At high-code temperature impact on the offset
is more visible because cancellation current flows through one branch, and the
constant g, current strongly depends on temperature.

In case of temperature-independent bias current (Fig. 3 b), for low code thermal
drift impact on the offset is higher as the calibration path works as DA whose gain
depends on temperature while bias current does not depend on temperature. At
high code thermal drift impact on the offset is smaller as the cancelation current
flow through one branch and bias current does not depend on temperature.
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The results in Table 1 show that even in case when the biasing current is a

temperature-independent offset variation, ~10 m) exists. The issue comes from
calibration branches (M1, M2 transistors), as the temperature effect on transistors
(Vth change, Ids change) causing offset variation for a fixed code. Taking into
account the problems described above new offset cancellation methods are needed

to overcome the thermal drift effect.

Table 1

The worst-case PVT results with thermal drift implementation

The CTLE offset variation due to the thermal drift

Temperature independent current

constant gy, circuit current

Max offset 10mV

27 mV

The proposed solution. Instead of the voltage DAC usage, during which
operation voltage-current-voltage conversion exists, current DAC has been
implemented. To keep the logic the same, an always-on current DAC has been added,
for the case when both M1, M2 transistors have the same code and an equal current
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from each branch. As it could bring additional offset because of parasitic resistances
and capacitances of routing nets, always-off DAC has been added to keep the layout
symmetry for both branches (Fig. 4).
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Fig.4. The proposed circuit

To test the proposed circuit a 50 m} offset has been added to one of the
CTLE branches and the cancellation mechanism has been enabled, As shown in
Fig. 5. Before calibration, the offset value is 50 m} and after calibration it is less than
1 mV. Offset variation during the thermal drift from -40°C to 150°C is 1.42 mV.
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Fig.5. The simulation results with the proposed method
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As the voltage obtained directly on resistors, the offset cancellation range is
more linear (Fig. 6).
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Fig.6. The simulation results for the proposed method before its implementation

Spice Monte Carlo (MC)[11] simulations have been performed for the
proposed circuit to consider the deviations of the technological process. MC
variation is more linear compared to voltage DAC case (Fig. 7,8).
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Fig.7. MC simulation results for the offset before the circuit modification (4.5 sigma)
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Q-Q Plot [y = 0.000166x + -0.0001514]

+ + + t t

—6 -4 -2 ] 2
Equivalent Inverted Gaussian Distribution [o]

Raw data file: mca_data_2.raw [Column 10]

Instance count: 1  Target sigma: 4.500s Sigma Multiplication Factor: 2.000

Number of points: 330 [Number of removed fails: 0]

Min: -0.0012712 Max: 0.00087851 Average: -0.000151366 STD: 0.00016595

Med+target: 0.000636672 Med-target: -0.000981881

Med+target+Cl: 0.000828258 Med-target-Cl: -0.00122083

[No correction on target sigma.]

— | & at |
% —— Gaussian fit T
‘Confids |
3, — e || |
8 0.008 4 qamersigms |
E —— Spec Min/Max | !
& — IntMinMax ! |
£ | !
bl H H H ' ! !
T R e, R
2 !
g i
5 |
HI i
¢
S 0.000 i
o !
o |
= |
g |
z |
-n? 1 1 1 | | |
o L B e e s R
n i
I} !
v i
z |
5 3
® I
& -0.004 4 .
5 |
2 i
g :
£ i
i
4

Fig.8. MC simulation results for the offset for the proposed method (4.5 sigma)

According to the Table 2, after the proposed changes, the total area of the
circuit decreases about by about 43.2%, as the resistors in voltage DAC have been
removed. The disadvantage of the proposed method is always on the current DAC

branch which increases power consumption by 7%.

Table 2
Comparison with the existing methods
The proposed
8l (6] method
Max offset variation due to thermal drift (m V) 26.98 15.12 1.42
Area (um?) 2361.31 1631.529 1341.2
Power consumption (uW) 8341.25 8074.1 8924.87

Conclusion. The proposed offset minimization method includes current
DAC which is directly connected to the output of the system. The absence of the
calibration path makes the circuit more stable during temperature drifts without

voltage-current-voltage conversion which was the main problem of the existing
methods. The offset variation of the circuit during the thermal drift is reduced 19
times (1.42 mV). The circuit occupies 43.2% (1341.2 um?) less area as in current
DAC only transistors have been used instead of the resistor-transistor structure of
voltage DAC. Power consumption increases by 7% (8924.87 uW) as current DAC

is always on branch.
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2.5.4NUSuUL3UL

ULULNQUSPL PULSEAUL UNGUULED 4 U QELUTUSPEULUSPL
CTGNUUL UQ1E38NhE3UL LYULESUUL UGMLNY

Chnuut jupdwt tjuqtgdwt gnjnipinit niikgnn dbpnnutpp hhdudws o pduw-
twnquyhtt dbwhnjuhsutph (BUQ) b jupqupkpdwi ninnt Jpue QEpdught npydh dwudw-
twl] upqupbpdwib ninnt mpwiqhunnpibph yupudbnptpp hnjognwd B, htgp Jkdwg-
unud E hwdwlupgh oknuwt jupnudp: Shnuut jupdwt tdugbkgdut wnwgwplqusé dkpnnp
ubkpwnnud £ hnuwtph U, npu ninnujhnpkt vhugwsé L hudwljunpgh Ejpht: Yupqupkp-
dwt muym puguljuynipiniup onpwb wybkh juynit E gupdund obpdwunhgwih sbnnudutnh
undudp wowig jupmu-hnuwbp-jupmy thnfewlbpudwi: Qpdughl pply$h dudwbul
stnUul jupdwi thnthnjunipiniup Ypdwngl) k19 whqud (1,42 <): Uubdwb qpuntgunud £
43,2%-n] wykih phy vwljtipku, pwith np hnuwtiph EURK-1 oqunuugnpénid E vhuy inpubighu-
unpibp puplwh PUQ-h nkqhunnp-npuiqhunnpught jupngdusph thnjuwpki: 2qnpni-
prut uyyunnidh wbjugh) k7%-m] hnuwbph GUR-h thown thugjws &ninh wundwnny:

Unwiigpuyhll punkp. wiunquhl, hinbgpuy upjpbdwibp, stndwl jupnud, pduw-
wnquhtt Abwthnjuhs:

A.T. KOCTAHAH

METOJ] MUHUMM3AIIMA BO3JIEMCTBHUSA TEILIOBOI'O IPEM®A HA
AHAJIOT'OBBIE HTHTEI'PAJIBHBIE CXEMBI

Cy1ecTByromme MeTOAbl MUHIMHU3AIWH CMEIICHNS] HAPSDKEHHUST OCHOBAHBI Ha ITH(]-
poananoroBeix npeodpaszosatersix (LIAIT) u mytn kamoOposku. [Ipu TermoBoMm npetide mapa-
METpBI TPAH3UCTOPOB HA MyTH KATMOPOBKH M3MEHSIIOTCSI, YTO YBEJIMYMBAET CMEIIEHUE CUCTEMBI.
IIpennaraemplii MeToq KomneHcauuu cmeeHus Bkiodaet LIAIT Toka, KOTOpbI HaPSMYIO
MOJIKJIFOYCH K BBIXOY CUCTeMbl. OTCYTCTBHE KaIHOPOBOYHOIO TPAKTa JEacT CXeMy Ooee
YCTOIYMBOM IPH TEMIIEpaTypHBIX Apeidax 6e3 npeodpa3oBaHus HANPsHKEHUE-TOK-HAIPsDKe-
Hue. V3MeHeHre CMeIeHHsT CXEMBI TPH TEIUIOBOM Jpeiide ymenbiieHo B 19 pas (1,42 uB).
Cxema 3anumaet Ha 43,2% MeHblie miomann, Tak kak B [IAIT Toka UCTIONB30BaHbI TOJIBKO
TPAH3HUCTOPHI BMECTO PE3UCTOPHO-TPAH3UCTOPHOU cTpyKTYpsI LIAIT HanpspkeHns. DHEPromoT-
pebnenne yBenmuuBaeTcs Ha 7% n3-3a Bcera BKitoueHHoH BeTku LIAIT Toka.

Knroueevie cnoea: aHANOTOBBIN, WHTETPAIBbHBIE CXEMBI, CMEIICHUE HAIPSHKEHUS,
nr(ppoaHaIOTOBEINA IPeoOpa3oBaTEIb.
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