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Abstract— We developed POP-11/40 which is PDP-11/40 com-
patible processor, implemented it on an FPGA. We also de-
signed ANSI C development tools an FPGA base-board which has
SRAM, Serial and IDE interface, and run UNIX V6 on this sys-
tem. In this paper, we describe a feature of a design of POP-11/40,
base-board and UNIX V6.
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open-source by Caldera Inc[1]. UNIX V6 is well described ‘—'—‘e"

in Lions’ Commentary on UNI]. The book has been used
as case study of real operating system in many universities.
UNIX V6 was run on PDP-11, developed by Digital.

We developed POP-11/40 (PDP-11/40 compatible proces-
sor), and it can run UNIX V6 on an FPGA. (s )
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Fig. 2. State transition and Addressing modes processing of POP-11/40
Il. DESIGN OFPOP-11/40

POP-11 has all of PDP-11 features with hard-wired logic.
The philosophy of the development is implement on an FPGA

compactly. The block diagram and data path diagram of POP- pop-11/40 processor includes peripherals: timer, RS-232C

11/40 is shown in Figure 1. It's designed as state machingontroller, hard disk controller, and interrupt controller, which
shown in Figure 2 to reduce logic gates. PDP-11 has many agye required to boot UNIX.

dressing modes, we designed it with the flow shown in Figure

; ? . - . The development environment of POP-11/40 is shown in
2, it realized with minimum logics.

Table I. These tools are freely available, and useful to real-
ize SoC. The source code of POP-11/40 processor is less than

3,000 lines in SFL, and then we convert SFL source code
no o, A to Verilog HDL with sfl2vI[3]. Finally we use Verilog HDL
Address Bus . B .
Reg.File source code for simulation and synthesis.
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Fig. 1 Block diagram of POP-11/40
The summary of the implementation on an FPGA is shown
in Table II.



TABLE Il
SYNTHESIS AND FITTING RESULT ON ANALTERA FPGA

Logic Elements| MAX Frequency Device
2761 LEs 10 MHz Cyclone EP1C3

Il1. C DEVELOPMENT ENVIRONMENT

We adapted GCC and GAS as ANSI C development envi-
ronment for PDP-11 architecture. We also ported the real-time
operating systenprod6] which is developed for embedded Fio. 4. The bhot h of the base-b

. X .4 -board
system. These patches and ported files are also available fro}% © photograph ot the base-boar

our web site.
|V' U N IX V6 S I M U LATION File Edit Setup Control Window Help File Edit Setup Control Window Help
Briunisx. 40 ﬂ 0770 0004 1040 0087 1140 1185 1126 10E6 1046 &
mem = 436
We simulated UNIX V6 with Icarus Verilog as cycle-base |wi: rat foees 0000
[ 1s -1 o000 010F 0004 00DO DOED 00DO OOET 00DO DOE2
H H H H H H H total 182 nnin 0000 00EZ 0DODO 00E4 0000 DOEG 00DO OOEE
logical simulation. The executable simulation binary is able [m- run 1w 1 1m0 020 0039 0k 0073 007t 0010 0000 o
ldrur-xr-x 2 bin 362 Jan 1 1870 dev 030 004C 0080 00B2 D080 O0Aa 0000 0000 00D
H H 1 H id -xr-x 2 bi 320 dug 20 13:03 et 0040 0088 00CO OOBS 00CO O0Aa 0000 00DO NNE?
to be downloaded from our website[5]. The simulation binary == i G 02D 0000 0000 0000 0050 comy 100 00 oo
. . . - drwxr-xr-x 17 b]n 272 Jan 1 1970 mnt 000 0000 0000 0000 0000 0000 0000 0OOQ 0000
can simulates UNIX V6 booting process in 20 million cycles. Fun ihn vl il o e 70 90 R0 00D BAGD 000 06 009 B
-ruxr-xr-x | bin 28636 duz 20 11:38 rkunix.40 5 d
drucruceny. 2 bin 144 dog 20 13:03 tep hddress: 0700
ruxr-xr-x | bin 28472 Aug 20 12:01 wnix 0700 1502 JEDF 7497 FFFA 45C2 FCOO 1090 15D1
druxr-xr-x 13 bin 224 Aug 20 12:22 wsr 0710 OFO6 1500 OF80 1501 7FOE 15C6 C400 DAB?
drwser-xr=x 2 bin 32 Jan 1 1870 wsr? 0720 FBG8 1600 K240 0A10 2017 SEAD 87FC 16C0
i | 0730 COO0 0A10 2017 C400 87FC 16F7 3000 FEEE
0740 08F7 0040 1REE FOOD 0426 0006 DADD 1D&1
V. D ESIGN OF BASEBOARD 0760 0002 7236 0004 D087 DAOG 1D81 0002 7236
0760 0004 1040 D087 1081 0002 1440 1241 7636
0770 0004 1040 0087 1140 1185 1126 10E6 1045
H H e
To run UNIX V6 with POP-11/40, we designed FPGA base- o [ e d

board with Eagle[4]. The design layout is shown in Figure 3.
The base-board has SRAM, RS-232C and IDE interface, ang}; 5 gooting UNIX V6 and Monitor program
power supply, it's made from expose plate. ALTERA Cyclone

EP1C3 has only 65 total pins, therefore we designed to share

data bus of SRAM and IDE interface. The implementation

photograph is shown in Figure 4. VII. CONCLUSION

compiler.
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