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Global Mixed-mode Technology

G2998/G2999

DDR Termination Regulator

Features
m Support and DDR | (1.25VTT), DDR I (0.9 VTT) ,
DDR 11l (0.75 VTT) , and DDR IIIL (0.675VTT)
Requirements
Input Voltage Range: 3V to 5.5V
VTT_IN Voltage Range: 1.2V to 3.6V
Requires Only 20puF Ceramic Output Capacitance
VTT Pulled Low by 2kQ Resistor in Stand-By
Mode (G2998 version)
m VTT Tri-State in Stand-By Mode
(G2999 version)
m Integrated Divider Tracks 1/2 VDDQ for Both
VTT and VREF

G2999 maintains a high speed operational amplifier that
provides fast load transient response and only requires
20pF (2 x 10pF) of ceramic output capacitance. The
(G2998/G2999 supports remote sensing functions and
all features required to power the DDR | / DDR Il / DDR
Il / DDR HIL VTT bus termination according to the
JEDEC specification. In addition, the G2998/ G2999
also has an Enable (EN) pin that provides Suspend to
RAM (STR) functionality. When EN is pulled low, VREF
will remain active, but VTT output will be turned off and
discharged to the ground through internal MOSFETSs in
G2998 version and VTT output will be in tri-state in
G2999 version. A power saving advantage can be ob-

m Remote Sensing (VTTS) tained in this mode through lowering the quiescent cur-
m +20mV Accuracy for VTT rent to150pA @ VCC=3.3V.
m +30mV Accuracy for VREF . . )
® Built-In Soft-Start The G2998/G2999 is available in the MSOP-8 and
m Over Current Protection SOP-8 package with the Thermal pad.
m Thermal Shutdown Protection . .
m MSOP-8 and SOP-8(Thermal Pad) Package Ordering Information
: ] ORDER TEMP. |PACKAGE
Applications o NUMBER | "WRKING] RANGE | (Green) | REMARK
. ggTRL'/ “é”'é'g#l_'\"elrgory Termination G2998P81U| G2998 |40°C~85°C| MSOP-8 | OBSOLETE
: HSTL Te,rmination G2998F11U| G2998 |-40°C~85°C| SOP-8 (FD)
G2999F11U | G2999 |40°C~85°C| SOP-8 (FD)
- Note: P8: MSOP-8 F1: SOP-8 (FD
General Description o Bonding Code (FD)
The G2998/G2999 is a 3A sink/source tracking termi- U.- Tape & Reel
nation regulator. It is specifically designed for low-cost/ : .
Green : Lead Free / Halogen Free
low-external component count systems. The G2998/
Pin Configuration
DDR Il
G2998 G2998/G2999 1.8V VTT_IN VREF —_T_—’
c2
GND [ o EIVIT  oNp [do (&1 VT | VDDQ L otur
—————— A —
EN [ 71 VITIN  EN[Z] i Themal I [ VTTN Vee=3.3V |vee VTTS
VTS 5] vec  vrrsog | i[5 vee EN |EN vTT >
VREF [Z] s1voba VREF[E]  [5] vbba GND = c1
— L L 2x10pF
- op View =
MSOP-8 SOP- 8 (FD)
Note: Recommend connecting the Thermal Pad
to the GND for excellent power dissipation.
Typical Application Circuit
DDR | DDR IlI*
25V VITIN  VREF —¢—> 1.5V VIT_N  VREF—¢—>
c2 c2
vbDQ 1 or | VeDa Lowr
Vee=3.3V vce VTTS 5 Vee=3.3V lvee VTTS -
EN EN VTT > EN |EN VIT >
GND L ¢4 GND L ¢1
L L 2x10pF L L 2x10pF
* Recommended V¢ =3.3V
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G2998/G2999

Absolute Maximum Ratings @
Supply Voltage Range

Thermal Resistance Junction to Ambient, (8,¢)

VCC, VTT_IN,VTTS,VDDQ,EN. ........ -0.3V to +6V MSOP-8 . ... 55°C/W
Output Voltage Range SOP-8(FD) ... 12°C/W
VIT,VREF............... -0.3V to VTT_IN +0.3V

Maximum Junction Temperature, T, ......... 160°C

Storage Temperature Range, Tsre. . -55°C to +160°C Recommend Operating Range @@

Reflow Temperature (soldering, 10sec) . . ... 260°C VCC . 3V to 5.5V
Thermal Resistance Junction to Ambient, (6 ja) EN ... -0.1V to 5.5V
MSOP-8 . . . .\ oo 190°C/W(4) VDDQ. ... 1.3V to 3.6V
SOP-8 (FD) . ..o 50°C/W® VITIN oo 1.2V to 3.6V®
Continuous Power Dissipation (T, = +25°C) . .

MSOP-8 . ... 0.7W Operating Ambient Temperature Range

SOP-8 (FD) . ..o e 2 7W® TA e -40°C to 85°C
Note:

™ All voltage values are with respect to the network ground terminal unless otherwise noted.

@ VTT_IN, VDDQ must be lower than VCC on operation.
®VTT, VREF must be lower than VTT_IN on operation.

“) Please refer to “Minimum Footprint PCB Layout Section”.
® please refer to PCB size described in EV2998-10.

Electrical Characteristics

Specifications with standard typeface are for Tpo=25°C, Vcc=3.3V, VTT_IN=1.8V and VDDQ=1.8V. Unless

otherwise specified.

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX [ UNIT
Supply Voltage (DDR I/ DDR Il) Ve 3 --- 5.5 v
Supply Voltage (DDR I/ DDR IIIL) --- 3.3 ---
Supply Current, VCC lcc Vcc=3.3V, no load, Ven=3.3V 0.5 0.9 4 mA
Standby Current, VCC lcc Vce=3.3V, no load, Ven=0V --- 150 500 HA
VDDQ Input Impedance Zybba Vcc=3.3V, Ven=3.3V 70 100 130 kQ
VTTS Input Current lvrTs Vcc=3.3V, no load, Ven=3.3V --- 0.3 2 HA
VTT Output Voltage (DDR |) -—- 1.25 ---
VTT Output Voltage (DDR I1) VTT --- 0.9 --- Y
VTT Output Voltage (DDR 111) --- 0.75 ---
VTT Output Voltage (DDR I1IL) --- 0.675 ---
VTT Output Voltage Load Regulation VosVTT I|\I/\:T|O< 15A :258 — ég mV
(VRes-VTT)
[l <3A -40 --- 40

- VTT=VDDQ/2 *0.95, PGOOD=Hi 3 4 ---
VTT Source Current Limit IvrrocLsre VTT=0 15 5 — A
VTT Sink Current Limit I TTocLSNK xg;xggg/z 1.05, PGOOD=Hi 1?5 ‘2‘ A
Line Regulation Vce=3.3V to 5.5V, Iyrr=1A to GND - 1 20 mV
zlggggga;ndby Discharge Resistance No load, Ven=0V 05 2 8 KO
VTT Standby Discharge Resistance
(G2999, VTTis n Hiz state) Noload, Vex=0V WO — | — ]
Vrer Output Voltage (DDR 1) - 1.25 -
Vrer Output Voltage (DDR 1) Veer - 0.9 - Vv
Vrer Output Voltage (DDR III) - 0.75 -
Vrer Output Voltage (DDR IIIL) - 0.675 -
Vrer Voltage Load Regulation AVRer  |]lvrer|<10mA -30 - 30 mV
High Level Enable Input Voltage Vin Vcc=3.3V 1.6 - - V
Low Level Enable Input Voltage Vi Vcc=3.3V - - 0.8 V
Enable Pin Input Leakage Current len Ven=3V -2 - 2 HA
UVLO Threshold Voltage Vuvio 2.0 2.32 2.7 V
Hysteresis Voltage - 120 - mV
Thermal Shutdown Tsp == 160 == °C
Thermal Shutdown Hysteresis - 20 -—- °C

Ver: 1.7
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Global Mixed-mode Technology

Typical Performances Characteristics
Vee=3.3V, Vi1 n=1.8V, Vppo=1.8V, Vgn=3.3V, Cycc=1HF, Cyppo=1MF, Cyrr n=10HUF, Cyrer =0.1pF, Cyrr =20dF,
T,=25 °C, unless otherwise noted.

lLoag=1.0A Transient (Sinking) I 0aq=1.0A Transient (Sourcing)
Tek Prevu | —— | Tek Stop_| e —— |

]
|Load

Ch2[ 20.0mV"&M[2.00ms .A Ch4 I*.SGOmA Ch2[ 20.0mVV&M[2.00ms] Al Ch4 £ 700m4

lLoag=2.0A Transient (Sinking) lL0ag=2.0A Transient (Sourcing)
Tek Prevu | —§—] | Tek Prevu | 5 |

WW

ILoad

”Ch2 20.0‘n“|VNMM.2..00m5 A.(.Zh4 s —1‘.‘30A Ch2[ 20.0mVAEM[2.00ms] A] Chd 7 700m4

I oag=3.0A Transient (Sinking) | 0ag=3.0A Transient (Sourcing)
Tekstop | — — | TekStop_| e — |

v
v ] [ :

3 y ILoad
+
aF : : ILoad
219h00m:gmm|2.doms| Al Chd & —480m4 — ' .210.'000m:?2w M2.00my A Chd 7 700mA
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Typical Performances Characteristics (continued)

V7 Voltage Transient Response
Tek Prevu |  ———  — |

oY

ILoad=%1A

!

ILoad
Ch2] 50.0m\fWM|200ps| Al Tha 7 760ma
1.00 A Q%
V1 Voltage Transient Response
Tek Stop_| e —
! : !
@an
- lLoad=%£3A
d
|ILoad
~hZ so.uva'M\'zuopis\' A\ Tha 7 760mal
Output Short-Circuit Protection
Teksop | .
I . .
. T
G
[y, PR
Vrris shorted to GND
500mvy =li»]Mﬁl.()()ms Al Chzl S 3004

Cha[_2.00 A OF
20.20 %

V1 VoltageTransient Response

Tek Prevu |  —1 — |

ILoad=+2A
!

n
ILoad

Tel

Ch2] 50.0mVSIM] 20005] A Chd F  760mA
.00 A 0%
0[62.40% |

Vgee Voltage Transient Response
k Prevu |  —T m— |

-|VREF

Waveform Intensity: 100%

Te!

Ch2]_10.0mV v a/M| 2008s] A Chd 7 —400pV]
T0.0mv &
0[240%

Output Short-Circuit Protection

estop_ | | — .

u

.r..

V1t is shorted to Vﬁ_m

S00mv__M[2.00ms Al Chd v —1.56 A

Ch4[_2.00 A &8
m[20.20%
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Typical Performances Characteristics (continued)

IQ vs Ve in SD

IQ VS Vee

140 1.1
138
1.05 v
136
1
134 —
<
~ E
<3- 132 = 095
o
130
0.9
128 | —
0.85 /
126
124 L L L L L 08 L L L
33 36 39 42 45 48 51 54 57 33 36 39 42 45 48 51 54 57
VCC(V) VCC (V)
VRer VS lrer High side Rpgony Vs Temperature
0.912 0.18
= 0.17
0.91 Vooa 1 8V V=3.3V V=33V /
VTT_IN_1 8v 0.16 Vipg=1.8V
0.908 Vo =0.8V
0.15
~ 0.906 c
2 z 014
& 0.904 g
= 013
0.902 012
0.9 0.11
0898 I I I I I I I I I 01 I I I I
10 -8 6 -4 -2 0 2 4 6 8 10 40 -20 0 20 40 60 80 100 120
lher(MA) Temperature(°C)
V1t Discharge Current vs Temperature
Vrer VS Vopo (only in G2998 version)
1.8 0.3
0.29
16 0.28
4 T o2 V,; =0.5V
_ 5 026
2 5
12 3 025
4 (9]
> 2 024
1 ©
2 023
0.8 >': 0.22 \\
0.21
06 L L L L L L 02 L L L L
16 18 2 22 24 26 28 3 32 40 20 0 20 40 60 80 100 120
Vina (V) Temperature(°C)
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G2998/G2999

Typical Performances Characteristics (continued)

Vrr VS Vppo

08 /

06

16 18 2 22 24 26 28 3 32
Vopa (V)

lg VS Ve Temperature

1.2
115

—

1.05

= 1

< 85°C
E
5095

0.9 T
085
— 0°C

075 |
33 36 39 42 45 48 51 54 57
Vee (V)

25°C

0.8 —

Vi1 Voltage vs V4t Load Current

lg Vs Ve in Sp Temperature

160

150 85°C //
< L —
‘é 25°C
= 130

| _—T /
120 —
0°C
110

33 36 39 42 45 48 51 54 57
Vee (V)

VosVTT vs Temperature
20

15
Sourcing 3A | ]

VosVTT (mV)
o
z
)
—
©
o
[e%

O I
-40 -20 0 20 40 60 80 100 120
Temperature(°C)

V1t Voltage vs Vi1 Load Current

0.92 ‘ 0.92
0908 |- Vw18V 0.914
0.89 l 0.908
/] —
< 0884 S 0902 | Vrrw=1.8V
: )
g 0872 g osoe j
3 o ~ s
. Vir n=1.2V g 08
= 0848 - = -
- 0.884
0.836 VCC'?‘:}V Vee=5.0V
Vopa=1-8V 0.878 Vrr n=1.2V Vopa=1.8V
0.824 |
0812 0.872
’ 3 -2 -1 0 1 2 3
-3 2 -1 0 1 2 3
V:r Load Current (A) Vi1 Load Current (A)
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Typical Performances Characteristics (continued)

lvooo VS Vppg in SD Temperature

lvbpg VS Vppg Temperature

34 34
32 32
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!
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26 \
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Global Mixed-mode Technology
Minimum Footprint PCB Layout Section
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Global Mixed-mode Technology

Pin Description

PIN NAME FUNCTION
MSOP-8 SOP-8 (FD)
1 1 GND Ground
2 2 EN Active high enable control pin
3 3 VTTS Feedback pin for regulating VTT
4 4 VREF Buffered output that is a reference output of VDDQ/2
5 5 VDDQ | Power Input for internal reference
6 6 VCC Analog input pin
7 7 VTT_IN | Power supply for the VTT output stage
8 8 VTT Output voltage for connection to termination resistors, equal to VREF
Thermal Pad Recommend connecting the Thermal Pad to the GND for excellent power dissipation.

Block Diagram

vee vDDQ VTT_IN
(! 1 (!
L L L]
M
M M [ vrrs
EN[ — Enable M 4 a0
N ‘ — |:
§ 50k
- g [ ]vrT
VREF [} . N P+
*Note1
+ )

50k
OTP/UVLO

PGOOD

* Note1: In stand-by mode, VTT will be pulled low by a 2k resistor in G2998 version. But in G2999 version, VTT will be Tri-state in stand-by mode.

Ver: 1.7 TEL: 886-3-5788833
Dec 16, 2015 http://www.gmt.com.tw
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Application Circuit

» . —o VTT
G2998 l l l
*C3/220pF MVK C2/10pF MLCC C1/N.C
! o | ] 1 1
* GND VTT
N1 I = = =
2 2| en VTT_IN U * * O VTT_IN
JUMPZR vee l !
3| rrs veel® I C4/100uF MVK  Jp1
= 2
4 5
VREE © 9 VREF VDDQ
l ' o Voo
I IC7/0.1uF MLCC
l O VDDQ
I
* To use AL-cap (ALUMINUM ELECTROLYTIC CAPACITORS) at VTT, recomment the Low-ESR.
The Size of capacitance (UF) should be optimized "based DDR characteristic”,
try to use below value at VREF and VDDQ, for Noise elimination at VREF and VDDQ.
--> C5=C6=2.2uF MLCC, or More high capacitance
Ver: 1.7 TEL: 886-3-5788833
Dec 16, 2015 http://www.gmt.com.tw
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Description

VTT SINK/SOURCE Regulator

The G2998/G2999 is a 3A sink/source tracking termi-
nation regulator designed specially for low-cost, low
external components system where space is at pre-
mium such as notebook PC applications. The G2998/
G2999 integrates high performance low-dropout linear
regulator that is capable of sourcing and sinking cur-
rent up to 3A. This VTT linear regulator is imple-
mented with ultimately fast response feedback loop so
that small ceramic capacitors are enough to keep
tracking to the VREF within 40mV at all conditions
including fast load transient. To achieve tight regula-
tion with minimum effect of trace resistance, a remote
sensing terminal, VTTS, should be connected to the
positive node of VTT output capacitor as a separate
trace from the high current line from VTT.

Series Stub Termination Logic (SSTL) was created to
improve signal integrity of the data transmission
across the memory bus. This termination scheme is
essential to prevent data error from signal reflections
while transmitting at high frequencies encountered
with DDR-SDRAM. The most common form of termi-
nation is Class Il single parallel termination. This in-
volves one RS series resistor from the chipset to the
memory and one RT termination resistor, both 25Q
typically. The resistors can be changed to scale the
current requirements from the G2998/G2999. This
implementation can be seen below in Figure 1.

VDD

1 .

CHIPSET

_{

Figure 1. SSTL- Termination Scheme

Vir

MENORY

VREF

VDDQ

A voltage divider of two 50kQ is connected between
VDDQ and ground, to create the internal reference
voltage (VDDQ/2). This guarantees that VTT will track
VDDQ/2 precisely.

VTTS

The VTTS pin is the feedback sensing pin of the op-
eration amplifier which regulates the VTT voltage. In
most motherboard applications, the termination resis-
tors will connect VTT in a long plane. If using the re-
mote sensing pin - VTTS to the middle of the bus, the
significant long-trace IR drop resulting in a termination
voltage which is lower at one end than the other can
be avoided. This will provide a better distribution
across the entire termination bus. If the remote load
regulation is not used, the VTTS pin must still be con-
nected to VTT for correct regulation. Care should be
taken when a long VTTS trace is implemented in close
proximity to the memory. Noise pickup in the VTTS
trace can cause problems with precise regulation of
VTT. A small 0.1gF ceramic capacitor placed next to
the VTTS pin can help to filter any high frequency
signals and preventing errors.

VREF Regulator

The VREF block consists of an on-chip 1/2 divider,
LPF and buffer. This regulator can source/sink current
up to 10mA. Bypass VREF to GND using a 0.1uF ce-
ramic capacitor to ensure stable operation.

Power on sequence

To operate safely, the G2998/G2999 must keep VCC
voltage larger than other Input-pin voltage .This condi-
tion is due to the internal parasitic diodes between
VCC to other pins for ESD issue. If the VCC voltage is
lower than the other pins voltage, the G2998/G2999
will consume extra current through the parasitic diodes
during the power-on period.

Ver: 1.7
Dec 16, 2015
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Soft-Start

The soft-start function of the VTT is achieved via a
current clamp, allowing the output capacitors to be
charged with low and constant current that gives linear
ramp up of the output voltage. The current limit
threshold is changed in two stages using an internal
powergood signal. When VTT is outside the power-
good threshold, the current limit level is 2A. When VTT
rises above (VREF - 5%) or falls below (VREF + 5%)
the current limit level switches to 4 A. The thresholds
are typically VREF £5% (from outside regulation to
inside) and £10% (when it falls outside). The soft-start
function is completely symmetrical and it works not
only from GND to VREF voltage, but also from VDDQ
to VREF voltage.

Enable Control and UVLO

Both VREF and VTT are turned on at normal state (EN
PIN = Hi). In stand-by state (EN PIN = Lo), VREF is
kept alive while VTT output will be turned off and dis-
charged to the ground through internal MOSFETSs in
G2998 version and VTT output will be in tri-state in
G2999 version. The UVLO function protects faulty
function due to low voltage levels of VCC. VTT starts
up when VCC reaches the UVLO threshold level and
EN reach the threshold level.

VTT Current Protection

The LDO has a constant overcurrent limit (OCL) at 4A.
This trip point is reduced to 2A before the output volt-
age comes within 5% of the target voltage or goes
outside of 10% of the target voltage.

Input Capacitor

Adding a capacitance close to VIT_IN pin can im-
prove the VTT performance when fast load- transient.
In general, 1/2 COUT is recommended for the VTT_IN
capacitance. Separating the VDDQ and VTT_IN pins
will get better transient performance. The recom-
mended capacitor types are tabulated in the Table 1.

Output Capacitor

For stable operation, total capacitance of the VTT
output terminal can be equal or greater than 20pF.
The output capacitor should be located near VTT out-
put terminal as close as possible to minimize the effect
of ESR and ESL. The recommended capacitor types
are tabulated in the Table 1.

Table 1.
CAP MANUF PART NUMBER
TAYO
C1 YUDEN EMK 325BJ106KD
TAYO
C2 YUDEN UMK 212BJ104KG

Thermal Dissipation

When the current is sinking to or sourcing from VTT,
the G2998/G2999 will generate internal power dissipa-
tion resulting in the heat. Care should be taken to
prevent the device from damages caused by the junc-
tion temperature exceeding the maximum rating. The
maximum allowable internal temperature rise (Trumax)
can be calculated under the given maximum ambient
temperature (Tauax) Of the application and the maxi-
mum allowable junction temperature (T jyax)-

Trmax= Tumax — Tamax

From this equation, the maximum power dissipation
(Ppmax) of the G2998/G2999 can be calculated:

Pomax = Trmax / 6 sa

6 4a of the G2998/G2999 will be dependent on several
variables:

The packages used, the thickness and size of the
copper, the number of vias and the airflow. In the
package, the G2998/G2999 use the SOP-8 with
Power-PAD to improve the 0, . If the layout of the
PCB can put a larger size of copper to contact the
Power-PAD of this device, the @ ;. will be further im-
proved. The better 6 ;5 is not only protecting the de-
vice well, but also increasing the maximum current
capability at the same ambient temperature.

Ver: 1.7
Dec 16, 2015
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Package Information

HHHE ¢

E1
E

j * <L
—- & 4._| b I-G— i
<
MSOP-8 Package
DIMENSION IN MM DIMENSION IN INCH
Symble
MIN. NOM. MAX. MIN. NOM. MAX.
A 0.81 0.95 1.10 0.032 0.037 0.043
Al 0.00 --- 0.15 0.000 --- 0.006
A2 0.76 0.86 0.96 0.030 0.034 0.038
D 2.85 3.00 3.15 0.112 0.118 0.124
E 4,75 4,90 5.05 0.187 0.193 0.199
E1 2.85 3.00 3.15 0.112 0.118 0.124
c 0.13 0.15 0.23 0.005 0.006 0.009
b 0.28 0.30 0.38 0.011 0.012 0.015
e 0.65BSC 0.026 BSC
L 0.4 | 0.53 0.8 0.016 0.021 0.031
Taping Specification
~ i — PACKAGE Q'TY/REEL
o © 1as] o © imm]
= o| | = O MSOP-8 3,000 ea
EE o | =
e/ e/
- 0N
Feed Direction
Ver: 1.7 TEL: 886-3-5788833
Dec 16, 2015 http://www.gmt.com.tw
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D1

HHH =

I 8 & w
=
H b &
D oy
i
o] ol
<
SOP- 8 (FD) Package
DIMENSION IN MM DIMENSION IN INCH
Symble
MIN. NOM. MAX. MIN. NOM. MAX.
A 1.35 1.55 1.65 0.053 0.061 0.065
A1 0.00 --- 0.15 0.000 --- 0.006
A2 1.15 1.35 1.50 0.045 0.053 0.059
D 4.80 4.90 5.00 0.189 0.192 0.197
D1 2.29 --- 3.7 0.090 --- 0.146
E 5.80 6.00 6.20 0.228 0.236 0.244
E1 3.80 3.90 4.00 0.150 0.153 0.157
E2 2.29 --- 2.64 0.090 (o 0.104
c 0.19 0.23 0.27 0.007 0.008 0.011
b 0.33 0.43 0.53 0.013 0.017 0.021
e 1.27 BSC 0.050 BSC
L 0.40 0.70 1.00 0.016 0.028 0.039
Taping Specification
O O O O O
e =)o PACKAGE Q'TY/REEL
- i s e O SOP-8 (FD) 2,500 ea
=i o || || o sl
/
—_ N
Feed Direction
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