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ABSTRACT The CPU is the core part of all integrated circuits. Although some homemade CPUs of proprietary intellectual property
rights are rapidly developed, few high-performance chipsets are available, especially in server domains, to match them. Thus, the total
systems designed using these CPUs and low-performance chipsets do not have proper performance. The Loongson CPU faces the same
problem. To seek better chipsets for it, certain architecture and some methods are designed and implemented to adapt different types of
chipsets. In this architecture, a field-programmable gate array (FPGA) is linked between a CPU and these chipsets. An FPGA is divided
into three domains: an HT (hyper transport) bus domain, a processing domain for important but temporarily indeterminate signals, and a
CPLD (complex programmable logic device) function domain. In these adaption processes, HT bus signals, the temporarily
indeterminate signals, and power signals in CPUs and chipsets are respectively linked into three domains in an FPGA and treated by a
programming FPGA to perform all types of possible signal combinations. The power sequence between the CPU and chipsets is
coordinated to the right order using an FPGA. The signal integrity difference between them is avoided and trimmed to the right state by
amending their signals in the FPGA. In this system, the experimental results show that this architecture and these methods
simultaneously make more chipsets work together to be adapted than before in a single motherboard. This combination avoids
researching and developing many different motherboards for every type of possible chipset and greatly reduces costs. High-performance

server chipsets can be found to properly match the Loongson CPU and have better specifications and higher performance than those
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currently used for the Loongson CPU. A prototype system composed of the Loongson CPU and five types of chipsets is designed and
implemented. Using the above architecture and methods, a type of optimal server chipsets SR5690 + SP5100 has been found, and the
matching principles or correct settings for the signal connection and power sequence have been concluded. The Loongson 3B4000 two-
way SMP motherboard with SR5690 + SP5100 chipsets is also produced. On this motherboard, the results of evaluation experiments on
computing performance tests by the SPEC CPU 2006 program, storage performance tests by the 10 zone program, and network
performance tests by the Netperf program are performed. Compared with the current Loongson 3B4000 server with a 7A1000 chipset,
the test results show the performance on three items is improved by approximately 10%. The combination of the Loongson CPU and this

type of server chipset provides wider applications in the server market and promotes the development of the Loongson CPU in its

ecosystem.
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Table 3 Power management signals
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LDTSTOP# 1 Enables and disables ll.nl.(S during system state
transitions
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HT _LO_LDT REQn. Jiith CPU Flith i 4 i A HAth
S HRRIR B AE 5 4, Tk B 8 W = [R] A X
NS FR . DL b3 4 RO o 45 A 5 AR 5
A FPGA, tnf& 1 FE 2 fik.
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K A e A% T AR AN T 0, (B AT LUK SE FPGA 1E
PN B R I b A ) T3 R | WO kR R R A
2 J Aok S R, L ) 4R 2 I R e
F ATy B S5 R 1k, G AR SO S8, X
& fic B Th O B 41 SR5690 + SP5100 Al Jp i
CPU 7£ HT &4k I ] AR S 0 R 18 14 2% 42 07 5K,
WK s fiR.

HT_LO_LDT REQn
HT_LO_POWEROK
v Loongson CPU
HT_LO_LDT_STOPn
HT_LO_RSTn _
ié HT bus x16
LDTSTOP#
LDTREQ# Northbridge
RESET# ][
LDTSTOP#
PWROK Southbridge
LDTREQ#

Bl5 HT EEE AT ERHE SR EEREY S HR 2R EETr X
Fig.5 Appropriate connection of the important but temporarily indeter-

minate HT signals after effective adaptation
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1) 5 A 15 52k PCL RESETN; (2) R 19 | H 58 i
{7 % ¢ PWR_GOOD, dt #f 19 I H 58 Wi 15 5 £k
NB_PWRGD; (3) /™ B L3 (1) I B (i B (5 5 4k
R 5 52 {5 5 28 PWRGOOD; (4) J2 5t CPU iy
GPIO Bt & 15 5 2k, IN TR B R 1Y 1% 815 5 4,
HT B2 B4R 1 15 M5 5 2R 46

FH FPGA fii i 55 & 5C M r 5 A5 B 1 fiff BB 1
5L B CPU ALES A 41 I L R 58 A 5 - RS
T2, IR R A B TR AR A S 1 S8 JE I R
[ 1) B 2R A7 B O S 6, — 1 0k 30 4 31 A 2
o1k, B AR B fe A 0 L TR N A O &, B
HUFA P E O

5 A 4H SR5690 + SP5100 2 A 3¢ 3 Bt i B 1Y
SR, F 6 A HERAME L RIERIIA LT
B F, A% 155 A 1IE 5V standby HL I +5VSB,
1E 3.3 V standby Hi, I +3.3V_DUAL, FPGA /Y JF #L
{55 4 FPGA_SB RSMRST#, Fg # i [ Hi {5 5 4
SB_PWRON, % %t Mefif {5 52k SLP_S3# R, 12 V fi
HL {5 54k 12V_SLP_S3#, ATX( Advanced technology
extended) HL I [ HL IE % #5785 %5 2k ATX_PWRGD,
b4 1.8 V HLYR NB 1V8, CPU 1) 1.2 V i Ji CPU_
NB SB 1.2V, Jt#F 1.1 V HEJENB 1V1,CPU A 1.1V
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1, ¥ CPUO/1_VCCINT 1V1, CPU N £ 1) 1.5 V i
Ji CPUO/1_1.5V_LS3 DDR3, &4 [ IEH 815
528 SYS_PWRGD, Ju#fr I HLIE# 8/~ 15 54 NB_
PWRGD, FPGA 1 & i {5 % & FPGA_KBRST L,
Jeats HT S 2k b IE 5 #8785 5 4 LS3_HT1_LO_

POWEROK, i ¥ & 1 5 5 %k SB_A-RST L, M I
PCI 22k 5 1 {554 SB PCI RST SR L, 24 &
£ 1% 5 2k SYSTEM RST, LA &% CPU HT #Y & v {5
54 CPU_LDT RST. N T #f—F550F b~ B 7
V18 I B P 0 AT, SR R D 5 i AT B8 IE

) +5VSB

2) +3.3V_DUAL

3) FPGA_SB_| RSMRSTE

4) SB_PWRON 300 ng
5)SLP_S3# R k—>23ns

6) 12V_SLP_S3# <500 ms

7) ATX_PWRGD

3.58 ms

8) NB_1V8

13.4 ms

9) CPU_NB_SB 1.2V

10)NB_1V1 3msfe

13.6 ms

5 ms

12) CPUO/1_1.5V_LS3_DDR3

3 ms

13) SYS_PWRGD

14) NB_ PWRGD

l@lOms

15) FPGA_KBRST_L

90 ms

16) LS3_HT1 _LO_POWEROK

5 ms 3.06 ms

17) SB_A-RST L

1 ms

18) SB_PCI RST SR L

2 ms

19) SYSTEM_RST

(1
(
(
(
(
(
(
(
(
(
(11) CPUO/1_VCCINT _1V1
(
(
(
(
(
(
(
(
(

20) CPU_LDT_RST

Bo ZiEBCutMs k2 A IER IR

Fig.6 Correct power sequence after effective adaptation
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(1) L A 248 R 7 IR 7 ¥ 2 AC Power on/off cycle
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cycle test, J& 3¢ it B 20 L B, AN G3 #] SO

P31 G3 H#3 SO A [A] Wi G R 1000 ¥, Qi A1 ¢ 1
) 3% W] & 48 3 1 /9 1 6 1 R FEPE . DC Power
on/off cycle test, J& E Jit HiL 7 ¥ b T L I3k, A
SO | S5 Ff % S0 F F| S5 A [] Wi 4§ 3 1000 ¥, 4
A 52 B 0] ¢ B 28 48 B3 00 IE A P A T SR TR
J1R R B, 6 FT s i H SR R 8 AR T
1000 YAGHE SR, R3] T r= i AL i B Ax
23 EARE SRS REIEIT

4% B B U8 1F 35 B s CPU It i 4 ),
5 S BRI et i 55 2 7= b i i, Zedsi ] FPGA,
i HECHE T 7 R 00 L B4 e s CPU I B s 1Y
R ROk

TEE AL AR B4 B A LG S L IE
LR DS A8 Iy W1 5 1 <19 S N1 S O E 4
HT T ARSI | 2 1 PCB fii & LI (kK | &
B LREE) FME 5 52 B Mk A 1E A b BE O S T2
M RIS AR A T R B R4S
(1) 30 S P52 3 4 R B S A R T Y TR AT
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TRERAE, 5 44 8, 5 T

FPGA J5 Ty Je s ik 55 i EARSEWIEL. e et ik
55 a8 3 MR FH B 08 X SMP( Symmetrical multi-

Northbridge SR5690

Connector for 10 signals
(PCIE. network. USB etal)

Southbridge SP5100

Memory

processing) ZE#4) % 1T, i - 2H J& SR5690 + SP5100,
O T =i, foe iy, Hae .
Memory

Two-way Loongson CPU

Harddisk

Bl 7 SR5690+SP5100 JEiE AU 45 ™ i AR
Fig.7 Loongson two-way SMP motherboard product using SR5690 + SP5100 chipsets

AR ST 4 75 36 8 A 2L ) S O vk HLAT AR
5 () 38 FH 1, ASE AN b RO R 2 AP O gk R
2% 2298 B (4 SR5690 + SP5100 it 41, BEfE 58 43
B Jez ot CPU, i LA FH It 42 48 Ry 325 8 JHAth 1 B
FEIH B I 0 i 1 22 FhE T RO CPU 9 52
AT 20 5310 e L AR 55 4 0 s e L, %o T S T

e B, Bl ande AR 8 B LS A5 RX781, RS785G.

RD790, pg #:05 Fr 5 4 SB700; Xf F Ik 55 # 2 il
O R AL, BN AEAR S BB SR5650, SR5670, B
Bt B RS 47 SB750. X 3 26 B 48 i 2 i gk 1
Hes 4, P AT DUR SR T Be . PERE . miAS S5 25
A PRI B B = B e i 4R, R K MR
Se 7 e ts CPU Byl AT, 2 vE T Je i =l Ak
SR5690 + SP5100 .t H 4 Ui fig + & . PEAE R
K, SEA ] LIAE R et CPU IR 55 %% 2% 51 1 385 F 4
fidft RN H A s R R A BR A B A 1 8 e
it TA1000 #F - ERLAS S50 B9XT LR Un SR 4 R,

R4 ERAMMERT T

Table 4 Comparison of different chipset specifications

Item Features of 7A1000 Features of SR5690 + SP5100
HT bus HT3.0 x 16 HT3.0 x 16
PCIE 32 lanes 42 lanes
SATA 3 x SATA2.0 6 x SATA2.0
USB Ports 6 x USB2.0 14 x USB2.0
RAS No Yes
IOMMU No Yes

= 10 7 98 . S FF 10 LY TOMMU T gE il
SCHF RAS Yy he 2 B A Mk 55 45 0t i 248 i FE A 22
RO =R 4 RLAR X R S R 4
SR5690 + SP5100 1Y IO 7 % 45 ] & PCIE % it K
Tt 7A1000 HF A, SATA 1 USB % & i kK T

Eots 7A1000 #F J, 11 HLiE 3 4F IOMMU F1 RAS Jj
BE. FTLL, 5 H 2H SR5690 + SP5100 7E MLk S8 I
SE4 0] LIVE N Bt CPU BB S5 40 4.

TEPERE T M, A SCiR 1Y SR5690 + SP5100 L
% Je o8 3B4000 Iz 55 4% 5 11 37 I 2 A B 3 e s
3B4000 + 7A1000 Iz 55 g i 47 T 52 bRl i06F . PR
Tl Bz 55 #5% #0 5% FH AH [R) A B 1 g, BB O e
3B4000 CPU( 431 1.8 GHz, 4 1), 4 546 EE 16
GB DDR4 {7 (%15, SCC16GPO2HIF1C-26V), 4 1t
/2 2 TB 1Y SATA il £ (55 MGO4ACA200N) ,
W+ R Intel 1350 T-IK M. R A E R EA AR
benchmark 2 /5 #1712, F§ SPEC CPU 2006 {Ilf
T CPU I M RE, HLi% B RIPERE (int_speed base).
Z ¥ A VEBE (int_rate base), BRI S VERE (fp
speed_base) Fll 2 1% I & 14 BB (fp_rate_base), 413% 5
iz s H1 10zone V4.3.0 M T SATA fifi £ fiE, 512
Byte B2 5 PERE A 1 MB 525 Ak, 13k 6 FTR; H
Netperf V2.7.0 il i T /] 4% 14 fi£ , TCP(Transmission
control protocol) 7¥ 2% | TCP f& i i# & . UDP(User
datagram protocol) ¥ I 32 Fl UDP 1% 4y # i, W3k 7
Fira . MNP BB X L Y B ok A, R T SR5690 +
SP5100 1 Ay Jo &% 3B4000 Bt 75 (105 Fr 28 7T DL A K
Wi 3 b 42 1 e ts CPU A PR BB, 48 B2 10 T If 7
fig, "L R 2] 10% LA L.
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#5 SPEC CPU2006 1HREXT Lt

Table 5 Analysis of SPEC CPU2006 performance

Server int speed  int rate  fp speed  fp rate
base base base base
7A1000 server 12.30 78.07 12.02 74.90
SR3690+ SPS100 13.02 83.60 12.80 82.60
server
Performance
improvement/% 6 7 6 10
# 6 10Zone PEAEXTEL
Table 6 Analysis of I0zone performance
512 Byteread 1 MBread 512 Bytewrite 1MB write
Server speed/ (MB-s ") speed/ (MB-s ") speed/ (MB-s ") speed/ (MB-s ")
v (Average of  (Average of  (Average of  (Average of
three results)  three results) three results) three results)
7A1000 38.56 696.31 1.25 306.76
server
SR5690+
SP5100 43.19 800.76 1.53 383.45
server
Perform-
ance
. 12 15 22 25
improve-
ment/%
27 Netperf VEREXT L
Table 7 Analysis of Netperf performance
TCP TCP UDP UDP
Throughput/  transfer rate/  Throughput/  transfer rate/
Server  (MB-s™) (Times's™") (MB-s™) (Times's ™)
(Average of  (Average of  (Average of  (Average of
three results)  three results) three results) three results)
7A1000 850.51 8738.91 852.64 8999.10
server
SR5690+
SP5100 935.56 9787.58 946.43 9989.00
server
Perform=
ance
. 10 12 11 11
improve=
ment/%
4 ZEie

AR R et CPU BEI T —Fl i e st - 4 ) 42
F, 25 T Jets CPU RIS A 41 =22 8] fic ) 0 2%, IF
BTt T 0 0 25 g0 2 00 B L i i, X O 3
WS B T T A, T B

AR 3C G 3 S F 4 SR5690 + SP5100 TG 18
7E PCIE. SATA. USB. IOMMU F1 RAS %5 & ¥ )5
I, if JE7E SEPRis PR e LA T B AT e CPU
It FR B0 R, BT DLAE 5 38 A 1 8 Je ol CPU FE IR
55 R SIS B AL, B IR T R CPU B £
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