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THE LOW POWER RESISTANCE CALIBRATION METHOD WITH THE
EXTERNAL CAPACITOR

Companies are continuing to push the boundaries on new features and functionality
all packed into portable and battery powered devices. For this kind of products, improving
the battery life by minimizing power consumption is very important to user applications.

SERDES systems are wildly used for communications with low power consumption.
Transmitter output and receiver input resistance calibration is one of the main problems in
SERDES systems. Calibration with an external resistor is widely used in modern SERDES IPs.

The calibration method with an external capacitor is presented. The proposed method
has up to 3 times lower power consumption compared with calibration with the external
resistor. The solution can be used in low power designs.

Keywords: calibration, external resistor, capacitor, reflection.

Introduction. SERDES is the most fundamental building block of a physical
layer for chip-to-chip interconnect systems. To have a robust link, a careful design
of all building blocks is required.

With increasing the operating frequency, new problem appear during the
design process. One of these problems is the distortion of the signal during transmission.
To have a reliable data transmission, a robust link must be established. One of the
limiting factors to increase the operating frequency is signal reflection. Because of
reflections, the transmitted data can be unrecoverable by the receiver. To avoid
reflection during transmission, the resistance calibration of the transmitter and
receiver is performed.

For signal reflection minimization, the Tx output stage, the transmission line
and the receiver input stage impedances should be equalized:

Zyx+2Zg
As the SERDES systems are becoming more advanced, the complexity and
speed of circuitry is increasing resulting in high power consumption.
The power equation (2) contains components for dynamic and static power
[1] (Fig. 1). The value of each power component is related to the peak current,

leakage current, transition time, supply voltage, etc.
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Ptotal - afCLVDD + VDDIleakage +t VDDIpeaka (2)

where f is the switching frequency of the gate and C;, is the load capacitance driven
by the inverter. In circuit design, engineers attempt to design high-performance circuits
that dissipate low power. However, high-speed implies a large frequency and
requires large transistors with a large capacitance. This unfortunately increases the
overall power dissipation. « is the factor showing the switching activity. As most
gates do not switch with every clock cycle, @ parameter is used to include the
switching activity of the CMOS gate. During transition there is a t interval where
both gates of the inverter are open. The power dissipated in this period is calculated
by multiplying the peak current (/¢qx) With supply voltage and time interval ¢.

Available architectures. In modern SERDES IPs, impedance calibration is
performed with precise external resistor usage [2]. The block diagram of the
available calibration method is presented in Fig. 2.
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Fig. 2. The impedance calibration method with the external resistor
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The working principal of this architecture is as follows. Logic module is
changing the code for replica blocks. With increasing the code amount the parallelly
connected resistors are rising in replica, resulting in overall smaller resistance. The
positive input of the comparator is connected to the external resistor. With increasing
the code, Vact voltage decreases. When Vact becomes smaller than the Vext output,
the comparator is switching from 1 to 0 and logic module saves the calibration
word. Power consumption of this circuit for the typical corner is 12 mW. One of the
main contributors is the external resistor.

The proposed method. The circuit of the proposed method is shown in Fig.
3. The vref voltage is generated via bandgap reference [3] and has ~1% variation
considering a wide range of PVT corners.
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Fig.3. The proposed method circuit

During the design of the proposed circuit, several things must be considered.
Feedback point must be as close to the resistor as possible to minimize the routing
resistance impact on the overall results. The capacitor is disconnected via transistor
M2. The designed circuit also provides information about the resistor type. This
information can be used to do manual adjustments after fabrication.

The vref voltage is 400 mV. One of the main components of the proposed
circuit is the operational amplifier. Vx voltage must be as close to 400 as possible.
For that the amplifier must have a gain bigger than 40 DB with over corner simulation.
HSPICE simulation shows [4] dc gain for typical best and worst corners presented in
Fig. 4.

The simulation of the amplifier confirms that the voltage of Vx has ~2%
variation. So Iext current mostly depends on the R1 resistor. If after fabrication
tests show that Iext current is lower than 200 uA it becomes obvious that the
resistance is bigger than it is in the typical case.
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Fig. 4. AC simulation results for the amplifier

The working principle is as follows. With amplifier Vx set to 400 mV, the
external capacitor is charged with Iext current. The counter from monitoring the
circuit counts until the capacitor is charged up to 95% of VDD. By using the
counter value, the digital logic adjusts the calibration word. The block diagram in
Fig. 5 shows the steps of the proposed architecture.
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Fig. 5. A block diagram of the proposed circuit
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The table below shows the calibrated resistance value for the proposed and
available methods. In modern IP, the acceptable variation of calibrated resistance

varies from 40 to 60 Ohm. Power consumption for typical corner is 4 mW.

Table

Comparison with available architecture

Value The proposed method, Ohm | The available method, Ohm
Typical 494 50.1
Min 453 47.7
Max 53.6 51.2

Conclusion. Resistance calibration is an essential part of the SERDES

system. It is a power consuming process. By using the proposed method, the usage

of the external resistor is omitted. By using the proposed method, power consumption
is lower ~3 times. The calibrated resistance values are more shifted than in the

external resistor case. But this is not a problem because the calibrated resistance
value is in the defined range. The method can be used in modern SERDES systems.
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N.z. UNrUUSEL3UL

8UOr ELEMAUUNULUUUR Y UUMNRESUL YUNrGUREMUUL UBRNY
ursuLhy NhuuunNkE3UUR

Juquulkpynipnibubpp supnibuynud Bu wdbjuguty supduljut, dwpunlngny wouw-
wnn uwppwynpnidubph unp gonpdwenyph b htwpwynpnipniuutph vwhdwbkpp: U nk-
uwhh wpnupuiptiph hudwp dwpnlngh Ypubph wbngmpjub jwjugnidp hgnpmppul
Swpuuh juqlgdw hwoyht, s Juplnp E ogunnuntplph wwppkp Yhpwpnipnibtbpnud:

SERDES hudwljupgtpp jujunpkt ogunuugnpéynid L gusp Eubipquuuyyundwdp hw-
nnpruljgnipyu Uke: Zwnnpnsh Gipuyhtt ghdwgpnipyut b pugnihsh Untnpuyhtt ghidwn-
noipjult jupqupkpnudp SERDES hwdwlwupgbph giuwynp juughputphg dthu t: Upunwpht
phidwunpmipjut Jhpundwdp jupqupkpnudp juyunptt jhpunynud | dudwiwuljulhg SERD-ES
dinunp ubkthwuljwtnipnibbpnud:

Uhpuyugyus £ jupqupkpiwi dbpny wpnuphtt mbwlnpeput jhpumiudp: Unw-
owplyynn Ukpnnu muh dhigh 3 wiqud wykjh gusp tukpquugwenid hudbdwnws wp-
wnwpht phdwnpnipjut Jhpundwdp jupqupbpdwb htn: Tnwsnudp Jupnn |k hpunyby dw-
dwbwljulhg guép hqnpnipinit uyyunnn twpwgstpnud:

Unwbgpughll pwnkp. Jupqupkpnud, wpunwphtt nhdwnpnipntl, nitbwlnipni,
wlunpunupd:

P.O. MYCAEJISIH

MAJIOMOH.[HI)Iﬁ METO/J KAJIMBPOBKH COITPOTUBJIEHUS C
BHEHIHUM KOHAEHCATOPOM

KoMnannu nponomkaroT pacimpsATh TPaHHUIBI BO3MOXKHOCTEH M (DYHKIHMOHAIBHOCTH
MTOPTAaTUBHBIX YCTPOICTB M YCTPOUCTB ¢ OaTapeiHBIM mUTaHueM. /i1 MPOAYKTOB TaKOTO
THIIA YBEJIWYEHHUE CPOKa CIIyKOBI OaTaper 3a CUYeT MHUHHMH3ALNH SHEPTONOTPEOICHNST OUeHBb
Ba)KHO JIJISI TTOJIb30BATEIbCKUX TPHIIOKEHHUH.

Cucrempl SERDES mmpoko HCIIONB3YIOTCS U CBS3H ¢ HU3KUM HEPromnorpediie-
HueM. KannOpoBKa BBIXOJHOTO CONPOTHBIICHHUS IIEpeaTYMKa U BXOJHOTO CONPOTUBIICHHS
MIPUEMHHKA - O/IHa U3 OCHOBHBIX npodiieM B cuctemMax SERDES. Kanubposka ¢ nomomnisio
BHEIIIHET0 PE3UCTOPa MIMPOKO HCHob3yeTcs: B coBpeMeHHbIX SERDES cucremax.

IIpencraBnen meTox KaauOPOBKU C BHEIIHUM KoHAeHcaTopoM. Ilpemnaraemslit Me-
TOJ| OTPeOISIET A0 TPeX pa3 MEHbIIE SHEPTUH 110 CPABHEHHUIO C KAIMOPOBKOW C BHEIIHHM
pe3uctopoM. Pemrenne MoxeT ObITh HCIIOIB30BAHO B MAJIOMOIIHBIX KOHCTPYKIIMSAX.

Knrouesvie cnoga: xannOpoBKa, BHELIHUI PE3UCTOP, KOHAEHCATOP, OTPAKEHHUE.
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