CAL

« High speed VLSI cryptographic device for real-
time or message forwarding systems

« Supports Public Key and conventional
cryptosystems

- Public Key Exchange system compatible with
current DES systems

- Block size = 593 bits

» One Block Cipher mode and 2 Cipher Stream
modes

- Digital signature capability
- Message Authentication Code generator
- Command/status/profile 8-bit port

- Data port configurable as one 16-bit bidirectional
or two 8-bit unidirectional parailel ports, or as
two full duplex synchronous key stream ports

« 1/O supported with Interrupts and DMA

« Use in a secure conventional system with any
means of key exchange

« TTL compatible, low power CMOS

PROCESSOR ARRAY
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The CA34C168 is a versatile, very high speed Key
Management device designed for the digital voice/data
communications industry. Featuring facilities to comple-
ment both Public Key systems and conventional crypto-
systems, the CA34C168 is intended for use in both real-
time file encryption or message forwarding environ-
ments. It is also suitable for key exchange purposes in
systems using the Data Encryption Standard (DES).

The CA34C168 can be programmed to work in either
block or stream cipher mode (two stream cipher modes
are available). in block mode, the device can be used
for interactive key exchange, standalone key exchange,
asymmetric key block data encryption or symmetric
(conventional) key block data encryption. When used for
conventional block encryption, the CA34C168 operates
at rates in excess of 300Kbits/sec.

The CA34C168 is supplied in both commercial and mili-
tary temperature ratings, and is manufactured using a
low power CMOS process. It is ideal for use in any
applications which require public key distribution, secure
data communications, authentication or digital signature.
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Figure 1 : CA34C168 BLOCK DIAGRAM

U.S. Patent Number 4,745,586 Cryptech Systems (Canada) Inc.

COMMANDand [ st N vy
STATUS PORT  {#————— WR Qe dpor
e——cs WR 3 381 Cg

CREQ (] ¢ =k

INTE ] 5 =R

orecrds ) BHcs

DREQ2 O 7 > dc,

Dy []8 3 M c,

oigds W mbg

vpp O 10 £ a1 phck

gt €) 0Pvss

Dy 12 wak 297 RESET
v, 012 @) 28 [ DAcK

0O QO ¥HIoR

D6 [ 15 26 1 1GW

b, O 16 25 [ Dy

ny O 7 24 () Dy,

D, 018 21 Dyy

Dy £ 19 2Hob,,

Vgg [] 20 21 30y

Figure 2 : PLCC and DIP
PIN CONFIGURATIONS

© Copyright 1992, Newbridge Microsystems , All Rights Reserved 4

~24

Document. 834168.MD501.02



Newbridge Microsystems Inc.

CA34C168

Table 1 : PINDESCRIPTIONS

Symbol Pin Type Name and Function
C,, 32-39 /0] Command/Status Bus: Three state, bi-directional data bus lines used to
transfer commands into the device and status out of the device.
CLK 31 | Clock: Master clock input (20 MHz maximum).
CREQ 4 (0] Command Request: Output signal used to indicate command/status port
readiness to accept acommand.
cs 1 I Chip Select: A low signal to this pin enables reading and writing to the
command/status port.
Dy.s 8,9, o Data Bus: Three-State, bi-directional data bus lines used to transfer data in and
11-19, out of the device in both block and stream cipher modes. This port is user
21-25 configurable as a 16 bit bi-directional port, an eight bit uni-directional port, oras a
stream cipher port.
DACK 28 | DMA Acknowledge: Input signal from a DMA controller acknowledging thatthe
requested DMA cycle has been granted. This signal enables the data port.
DREQ1 -6 O DMA Request 1: Output signal to a DMA controller requesting a DMA cycle.
Indicates that the Data port is ready to receive data.
DREQ2 7 O DMA Request 2: Obutput signal to a DMA controller requesting a DMA cycle.
Indicates that the Data port is ready to transmit data.
INTE 5 (0] Interrupt Error Request: Output signal used to indicate that the CA34C168
needs service and that an internal error has occurred.
IOR 27 1 1/0 Read: An active low signal at this pin accesses data from the data port (during
a DMA write transfer).
IOW 26 ] 1/O Write: An active low signal at this pin loads data into the data port (during a
DMA read transfer).
RD 2 | Read: An active low read strobe at this pin enables the reading of status data
from the command/status port.
RESET 29 | Reset: A low signal to this pin resets the CA34C168.
Voo 10,40 - Power: 5V + 10% power supply.
Vg 20,30 - Ground: Pin must be tied to ground.
WR 3 - Write: An active low write strobe at this pin enables the writing of commands to
the command/status port.
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FUNCTIONAL DESCRIPTION

The basic function of the Data Encryption Processor (DEP)
is to perform arithmetic in the finite field GF(25%%). The op-
erations that are performed include, muitiplication and
exponentiation. In addition, the device will compute the
multiplicative inverse of an element and implement sev-
eral other functions required for data encryption/decryp-
tion in Block Cipher and Stream Cipher Modes.

Since elements of GF(2%%) may be represented by binary
vectors of length 593, internal data is organized into 593-bit
blocks. There are three main 593-bit registers labeled A, B,
and D which are used to hold operands, multiply, exponen-
tiate, store results and buffer data into and out of the chip.
There are also two 256-bit registers labeled R and S for
exponent representation and key storage.

An internal microcontrolier executes DEP instructions,
maintains device status, and controls the |/O ports. The 8-
bit command/status port and 16-bit reconfigurable data
port are used to communicate with microprocessors or
peripheral controllers. A block diagram of the internal
structure is shown in Figure 1.

The DEP can be in one of three states depending on the
instruction issued. After the completion of any instruction,
the DEP goes into an Idle State waiting for a new com-
mand. During the execution of a command, the DEP goes
into a Busy ar Processing State, and while executing an
instruction involving data I/O, the device will go into a Wait
State requesting data I/O transfer. Figure 3 illustrates the
three possible states of the DEP.

IDLE WAITING

FOR COMMAND )

N
WAITING FOR )‘

DATA /O Y,

7
- PROCESSING
>\

Figure 3 : DEP STATE DIAGRAM
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Table 2 : AC CHARACTERISTICS, COMMAND/STATUS PORT (T, =010 70 °C, Vpp =5V £ 10%, Vgq = ov)

Symbol Parameter Limits Units
Min Max
Read Cycle
ten | CSotoRD = 50 ns
tac CS hold after RD = 0 ns
toor RD # to data float delay 30 ns
teov ?T) 2 to data out delay o 40 ns
tar RD pulse width 50 ns
TR'E - | (INTE) Interrupt error request to RD @ 40 ns
Write Cycle
tow CSo toWRg ] ns
tow mo—w—ﬁj o 50 ns
tue CS hold after WR = 0 ns
twen (CREQ) Command request low from WR & 40 ns
two Data hold after WR = 0 ns
tow WR pulse width 50 ns
A
Table 3 : AC CHARACTERISTICS, CLOCK PARAMETERS (T,=0t070 °C, Vpp= 5V £ 10%, Vg =0V)
CA34C168-10 | CA34C168-12 | CA34C168-16 | CA34C166-20
Symbol Parameter 10MHz Limits | 12 MHz Limits | 16 MHz Limits | 20 MHz Limits Units
! Min | Max B Min Max Min Max Min Max
tows | Highpulsewidth | 40 | | 38 25 20 ns
towt Low pulse width 40 33 25 20 ns
tox Clock period 100 | Notet| 825 | Notel| 62.5 | Notel 50 Note 1 ns
taote Ciock rise and fall time 0 15 0 15 0 15 0 15 ns
hyax Maximum attainable throughput 150 180 | 240 300 Kbps
Notes: 1. Minimum frequency is 100 KHz during arithmetic operations only. The contents of all registers are fully static.
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FIGURE 4 : TIMING DIAGRAMS, COMMAND/STATUS PORT

a) Read Cycle
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Figure 5 : CLOCK PARAMETERS
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Table 4 : AC CHARACTERISTICS, DATA PORT (T, =010 70 °C, V= 5V £ 10%, Vgg = 0V)

Symbol Parameter Limits UnitsT

o ‘ Min Max
Read Cycle (Stream Modes)

Jgn D&@Eﬁ = o ‘ Note 1 ‘ s
tosck Data setup to stream C|OCK7¢ S 50 ns
t.oﬁ IOR# tLMta float L o 30 ns
torsck | First clock issue from IOR g - 50 % ns

|ty | DACKholdafter oRx - 0 nL{
taon Read pulse width Note 1 ns
tSCLVKAJ‘ StreaT clzk cycle T o o 100 ns
tscko Data hold after stream clock @ 0 ns
tscxorz (D REQ2) Data request Iow from final stream clock low 40 ns

@\q %§ valld from stream clock # S 70 ns
tscrion Stream clock 2 to IOR = 50 ns

At;PWT Stream clock hngh pulse w1dthﬁg S 25 ns

—tsrn Str;m clock nsaall time - 0 r 15 ns
Read Cycle (Block Modes)
ton | PACK @0 lgR # o . 50 ns

| toror IOR # todata ﬂoat at 30 ns
torov IOE! ato 'dita lahd ot - - 40 ns
tac DACK hold after IOR o - - 0 ns
teore (DREQ2) Data request low from IOR(ZJ 40 ns
ton | IORpulsewidth - 50 ns
Write Cycle o
tacw DAQK gto IOW * - L 50 ns

| tbow Etﬁatu*ptorgw Ve S 50 ns

| lowp | Datahold after 1O 6\7\7;& - - 0 | ns |
twac ﬂ\CK holcijﬁin%_ o - ] 0 ns

_tﬂw (%Em )y Data request low frcilowi - | 40 ns |

o | OWpusewst s | e

Notes: 1.

IOR must be low during the stream operation.
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Figure 6 : TIMING DIAGRAMS, DATA PORT

a) Read Cycle (Stream Modes)
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Notes: 1. When IOR s high, the stream clock is masked and will not affect the data output.
2. Stream clock must be low 50 ns before the falling edge of IOR.

b) Read Cycle (Block Modes)
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><1t’> «— TESTPONTS— 1 f>(
0.45

A.C. Testing Inputs are driven at 2.4V foraLogic 1 and 0.45V fora
Logic 0. Timing measurements are made at 1 .5V foralogic 1 and
1.5V foralLogicO.

Figure 7: AC TESTING /O WAVEFORM

Table 5 : DC CHARACTERISTICS (T,=01070°C, V= 5Vt

DEVICE
UNDER
TEST

L C_ =100 pF

C, includes jig capacitance

1

Figure 8;: AC TESTING LOAD CIRCUIT

10%, Vgg = OV)

Symbol Parameter Test Limits
Units
™ Input leakage current high V. = Eanditions Min MHX LA
l Input leakage current low V=0V -10 A
bR Input leakage on Reset pin 29 V=0V -100 pA
lon Output leakage current high Vour = Voo 10 HA
Lo Qutput leakage current low Vour = 0V 0 -10 pA
Vi Input voltage high 2.0 Vi t0.3 \
\ Input voltage low -0.5 0.8 \
Vou Output voitage high lon = ~400 pA 24 \
Vo Output voltage low lo, =2.5mA 0.4 \"
Supply current operating Clock freq. = 20 MHz 60 mA
Supply current standby (Note 1) Clock freq. = 20 MHz 15 mA |
Notes: 1. Processor ldle waiting for command
Table6 : CAPACITANCE (T, =25 °C,Vpp= 5V+£10%, V= ov)
Symbol Parameter | Test Conditions Limits Units
Min Max
Cn Input capacitance Unmeasured pins 10 pF
. Cour 1/0 Capacitance Returnedto Vg 20 pF
Table 7 : RECOMMENDED OPERATING CONDITIONS
DC Supply Voltage +4Vio +6V
Operating Temperature Range - Commercial 0°Cto70°C
Industrial -40°Cto +85°C
Military -55°Cto+125°C
Table 8 : ABSOLUTE MAXIMUM RATINGS -
Power Supply Voltage (V) -0.5Vt0 +7.0V
Power Dissipation (PD,,,,) 1 Watt
Operating Temperature (T,;) 0°Cto70°C
Storage Temperature (Tq.) -65°C TO +150°C

Stresses beyond those listed above may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not
implied. Exposure to maximum rating conditions for extended periods may affect device reliability.
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PORT DESCRIPTIONS
Command/Status Port

The Command/Status port is an 8-bit wide bi-directional
port (C, o). This port is used to set the DEP mode of
operation, write commands and read DEP status. This port
is addressed as shown in Table 9.

The DEP’s Status Register can be read at any time.
However, in order to write instructions, the Command Input
Buffer must be empty. Status of the Command Input Buffer
can be determined by reading the Status Register's Com-
mand Buffer Fult (CBF) bit or by examining the level of the
Command Request (CREQ) pin. If CBF is low or CREQis
high, the Command Input Buffer is empty, and the next
command can be written.

Table 9: COMMAND/STATUS REGISTER ACCESS

CREQ | RD WR cs REGISTER
1 1 0 0 Command Input Buffer
X 0 1 0 Status Output Buffer
X X X 1 Don’t Care
Data Port

The data port is a reconfigurable 16-bit port (D,s.,) used for
data transfer (key data, plain text data, or cipher text data)
into and out of the DEP. This port is addressed as shown in
Table 10.

In order to read this port, the Data Output Buffer must be
full. its status can be determined by reading the Status
Register’s Output Buffer Full (OBF) bit or by examining the

level of the Data Request 2 (DREQ2) pin. i OBF or DREQ2
is high, the Data Output Buffer is full, and data can be read
fromthe port. Similarly, in order to write data to this port, the
Data Input Buffer must be empty. Status of the Data Input
Buffer can be determined by reading the Status Register's
Input Buffer Full (IBF) bit or by examining the level of the
Data Request (DREQ1) pin. If IBF is low or DREQ1 is high,
the Data Input Buffer is empty, and data can be written to
the port.

The Data Port can be configured as a 16-bit bi-directional
port, an 8-bit uni-directional port or in one of two stream
cipher port configurations. All port configurations are setin
the Mode Register viathe SETMODE command. Table 11
describes the Data Port bit assignments for the DEP’s
Block Cipher and Stream Cipher Modes of operation.

Bit assignments for Stream Modes in Table 11 pertain to
data output commands (CPDO, CPA2DO or STRM mac-
ros). The datainput command, LOADD, will request data to
load the D Register in an 8 or 16-bit block configuration.
This allows the user to load the D Register from one of two
standard buses while in stream mode. The allowable input/
output bus configurations are described in the Register
Section under the Mode Register.

Table 10 : DATA BUFFER ACCESS

|DREQ1| DREG2 iOW | 10R | DACK| REGISTER ]
1 X | 0 1 0 | DataInput Butfer
X 1 1 0 0 | Data Output Buffer
X X X X 1_ | Don'tCare N

Table 11 : DATA PORT BITS FOR BLOCK CIPHER AND STREAM CIPHER MODES

8 Bit Uni-directional Block Configuration (default) ‘

|
-

—

Uni-directional data out

Uni-directional data in

16 Bit Bi-directional Block Configuration

Bi-directional data

Simplex Stream Configuration

[wliw}

o

Txdatain

(Configurations of port on read cycle only)

o

Tx data out
Txckin

N

Hi-impedance

@
&

Synchronous Full Duplex Stream Configuration
(Configurations of port on read cycle only)

O O O

Tx datain

)

O

Txdataout
Txclkin

N

+ Rxdatain

[

Rx data out

N

Rxclkin

o

O]l 0| O O O

156 Hi-impedance
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REGISTERS

The following registers can be accessed in all modes of
operation: :

Command Input Buffer (write only)
Status Output Buffer (read only)
Program | Mode Register (write only)
Control Permute Loop Count Register (write only)
Data Input Buffer (write only)
Data output Buffer (read only) |
A Register (read/write)
B Register (read/write)
Arithmetic| D Register (read/write)
R Register (write only)
S Register (write only)
Command input Buffer

Data written to the 8-bit Command Input Buffer is inter-
preted as instructions or operands to instructions. For
example, the SETMODE command requires a one-byte
operand which changes the DEP’s mode of operation. See
the Programming Section for details of all DEP instruc-
tions.

Status output Buffer

The 8-bit Status Register will give the following DEP

summary: mode of operation (Block or Stream), process-

ing status (Busy or Idle), internal error status (Multiply or

Exponentiation Error), command buffer status (Empty or
. Full), and data buffer status (Empty or Full). See Figure 9.

The Block/Stream Mode bit (BSM) indicates whether the
device is in Block Mode (logic “1”) or Stream Mode (logic
“0").

The Busy/ldle bit (B/l) when set to “1” indicates that the
DEP is busy executing an instruction. Zero means that the
DEP is idie waiting for an instruction. This flagwillgointo an
Idle state (logic “0") after all commands have been proc-
essed.

The Multiply Error bit (MTE) is set to "1” whenever a
muttiply (MULT) is issued where either of the operands
(Registers A or B) has the value zero or all ones. In other
words, any attempt to multiply by zero or all ones willcause
a multiply error. The Interrupt pin (INTE) will go high when
an error occurs. Both the MTE status bit and INTE will be
cleared automatically after the Status Register has been
read. Multiplication will not proceed if this is the case, and
the contents of registers A and B will remain unchanged.

The exponentiate error bit (EPE) is setto “1” whenever an
exponent register (Register D or R) is loaded with zero or
allones. That is, attempting to exponentiate with zero or all
ones as the exponent will cause an exponentiation error.
The Interrupt pin (INTE) will go high when an error occurs.
Both the EPE status bit and INTE will be cleared automati-
cally after the status register has been read.

‘Note that as soon as an error has been detected process-
ing stops and the INTE pin is set to “1” indicating an error
has occurred (MTE and/or EPE). The Status Register must
e read to determine the type of error which has occurred,
and to clear the appropriate error flags.

The Completion Flag bit (CF) is an active low signal used to
indicate the completion of data transfers into and out of the
DEP. In 8-Bit Block Mode, the CF bit will go low for the 75
byte transfer. In 16-Bit Block Mode, the CF bit will go low for
the 37 16-bit word transfer. This signal may be used to flag
aCPU or a DMA controlier at the end of a data transfer.

The Command Buffer Full bit (CBF) when set to “1”
indicates thatacommand has been written. When the DEP
has accepted a new command, it clears the Command
Input Buffer so that a new command can be written while
the current command is being processed. In interrupt
driven systems, the active high Command Request pin
(CREQ) can be used to indicate that the Command Buffer
is empty, and that the next command can be written.

The Output Buffer Full bit (OBF) when set to “1” indicates
that the Data Output Buffer is full waiting for the processor
to read the buffer. In interrupt driven systems, the active
high Data Request 2 pin (DREQ2) can be used to indicate
that the Output Buffer is full, and that it can be read.

The Input Buffer Full bit (IBF) when set to “1” indicates that
data has been written to the Data Input Buffer. The DEP will
clear this bit when it has accepted the data so that the next
byte or word can be written. Ininterrupt driven systems, the
active high Data Request 1 pin (DREQt) can be used to
indicate that the Data Input Buffer is empty, and that data
can be written to it.

D, Dg Ds D, Dy D D, D
[Bsm ] 81 | wre] epe ] cF | osr] ose] eF |

T [iNpuT DATA BUFFER FULL ]
0 [INPUT DATA BUFFEREMPTY |

[1]output DATA BUFFER FULL
['o [outeuT DATA BUFFEREMPTY |

cou:gmo T Jcommano BuFFeER FuLL

INPU
BUFFER 0 | COMMAND BUFFER EMPTY J

COMPLETION | 1 |DATA TRANSFER COMPLETE |
FLAG [0 | DATA TRANSFER NOT COMPLETE ]

E);PEO;:’;‘;% T+ JexponenTiaTION TYPE ERROR 1
JFae [o[noerrOR

W&:’LV T+ [MuLTPLICATION TYPE ERROR |
lFiae {o[noerron |
[ausy [ 1] oer BusY PrROCESSING ]
|FLac [o]oEP LE ]
oer [ + [ BLoCK CIPHER MODE 1
|Fias [ o [sTREAM CiPHER MODE ]

Figure 9: STATUS REGISTER
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Mode Register

The Mode Register configures the Data Port, sets the
device in Block or Stream Mode, and masks or enables In-
terrupts. The Mode Register is configured with the operand
of the SETMODE command. See Figure 9 for the Mode
Register bit assignments.

Data Bufter Control bit 1 (DBC, ) configures the Data Port in
Block or Stream Mode. This control bit is used in conjunc-
tion with DBC2 and DBCO to completely specify the bus
configuration.

Data Buffer Control bits 2 and 0 (DBC, and DBC,) specify
the configuration for the Data Input Buffer and Data Output
Buffer respectively. Loading datainto the D Register, for all
modes of operation, can only be performed in the 8 or 16-
bit Block configuration. This is done so that the D Register
canbeloaded from a system bus while in one of the Stream
Modes. Reading data from the D Register can be per-
formed in any one of the four bus configurations. After a
reset, DBC,_, will be in a low state (8-Bit In, Block Mode, 8-
Bit Out). The combinations of DBC, _, are shown in Figure
10.

The least significant nibble of the Mode Register is used to
selectively enable and disable output interrupts. Upon
reset, all interrupts are enabled (bits set to “1”). The
interrupts include INTE, DREQ2, DREQ1 and CREQ.
Writing a zero to any one of these bits disables the
interrupt.

D7 Ds DS DA DS DZ DV DO
[o_Joece]oect[paco[inte [orecz]oreascreal

INTERRUPT || SET COMMAND REQUEST INTERRUPT |
MASK [0 | masK coMmaND REQUEST INTERRUPT]

INTERRUPT | ! | SET DATA REQUEST 1 INTERRUPT
SK IO l MASK DATA REQUEST 1 INTERRUPT

INTERRUPT T1 ] SET DATA REGUEST 2 INTERRUPT
[0 | MASK DATA REQUEST 2 INTERRUFT
INTERRUPT |1_| SET ERROR INTERRUPT ]
MASK [0 ] masK ERROR INTERRUPT |
DATA | BLK | OATA

BUS IN [STREAM |BUS OUT
o

8-BITS IN, BLOCK MODE, 8-BITS OUT

RESERVED

8-BITS IN,STREAM MODE, SIMPLEX INTERFACE
8-BITS IN,STREAM MODE, FULL DUPLEX INTERFACE
RESERVED

16-BITS N, BLOCK MODE, 16-BITS OUT

16-BITS IN.STREAM MODE. SIMPLEX INTERFACE
16-BITS IN.STREAM MODE, FULL DUPLEX INTERFACE

=l «]-|=leo]e|oc]e

lalolo|l=i=[o
~lol-lol=]o|=]o

Figure 10: MODE REGISTER ASSIGNMENTS

Permute Loop Count Register

The Permute Loop Count (PLC) Register contains the
number of R Register permutations which will be per-
formed on the command PERMR. This Register can be
loaded via the LOADPLC command where the operand
specifies the number of permutations. After a reset, the
PLC Register will have the value one, indicating one
permutation of R when PERMR is issued. IF the PLC
Register is loaded with hex “FF”, then 255 permutations of
Rare performed on a PERMR command, and the value “0”
would perform 256 permutations on the R Register. The
value of the PLC Register will only change on a reset (hard
or soft), a SETMODE, or LOADPLC command. PERMR
does not change the PLC Register.

Data Input Buffer

Data written to this register may be key data, plain text
data, or cipher text data. To use this register, the LOADD
command must be issued. The opcode for this command is
written to the Command port and data is written to the Data
Port.

The D Register is the only register which can be loaded via
the Data Input Buffer, and since the D Register is 593 bits
long, the data transfer for LOADD is either 75 bytes or 38
16-bit words, depending on the port configuration used.
Data is always loaded most significant bit first. For ex-
ample, in 16-bit input mode, on the first 16-bits of data
written, D<15> is bit 592 of the D Register, and the last 15
bits of the 38th word are ignored (37 words plus one bit is
593). Similarly, in 8-bitinput mode, the last 7 bits of the last
byte (75th byte) written are ignored. The interface can be
interrupt driven (using the DREQ?1 pin) or poll driven (using
the IBF bit in the Status Register). The Interface Protocol
Section describes the control and timing information re-
quired to use this command.

Data Output Buffer

The Data Output Buffer is used to transfer data from the D
Register to the Data port in various port configurations as
defined by the Mode Register.

In Block Mode, the full 593-bit D Register is read in the 8 or
16-bit output mode. Reading data from this buffer is, as the
input buffer, most significant byte or word first. In 8—bit
output mode, 75-bytes of data are read where the least
significant 7 bits of the last byte can be ignored. in 16-bit
output mode, 38-words of data are read where the least
significant 15 bits of the last word can be ignored. The
interface can be interrupt driven (using the DREQ2 pin) or
poll driven (using the OBF bit in the Status Register). The
Interface Protocol Section describes the control and timing
information required to use commands which read from
this buffer. Those commands include “copy D out”
(CPDQ), “copy A to D out” (CPA2DO), and the message
block (BLK) macro instruction.
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In Stream Cipher Modes, the D Register becomes the
source of a serial key stream used to exclusive-or with a
serial data stream for encrypting and decrypting data. The
two different types of Stream Cipher Modes available are
Simplex Stream and Synchronous Full Duplex Mode.

In Simplex Stream Mode, communication is only one way,
and all 593 bits of D are used as the key stream. In this
mode, bit D, of the Data Port becomes the output stream,
bit D, is data into the exclusive-or function, and D, is clock
input to shift data out as required. The port configuration
and connection to the D Register is illustrated in Figure11.

in Synchronous Full Duplex Mode, the D Register is
divided into 74 8-bit segments where 37 are allocated for
one direction (transmit), and 37 are allocated for the other

593-BIT D REGISTER
KEY STREAM GENERATOR

(receive). Key stream data is extracted serially in an 8-bit

interleaved fashion for transmit and receive. Since this
mode is synchronous, key stream bits in each direction
must be used up at the same rate. The port configuration
and connection to the D Register is illustrated in Figure 12.

Dussl
593-BIT D REGISTER
’ KEY STREAM GENERATOR
DATA OUT
i o a D <1>

SIMPLEX STREAM MODE PORT
CONFIGURATION

EXTERNAL
DATAIN
D <0>

EXTERNAL
CLKIN
D <2>

Figure 11:

8-BIT INTERLEAVE FOR TWO DIRECTIONS

D mss

L l \ TRANSMIT
EXTERNAL TRANSMIT ) D Q DATA OUT
DATA IN D <0> 7 D<i>
EXTERNAL TRANSMIT :
CLK IND <2> H

I A A A . RECEIVE

EXTERNAL RECEIVE J! D Q DATA OUT
DATA IN D <3> 7 D <4>
EXTERNAL RECEIVE
CLK IN D <5>

Figure 12: SYNCHRONOUS FULL DUPLEX MODE PORT CONFIGURATION

A and B Registers

The A and B registers are 593-bits long and are principally
used to hold the operands for multiplication and the base
for exponentiation. If a multiplication instruction is issued,
the operands, A and B are tested for zero or ali ones. An
error is generated if this condition is detected (MTE in the
Status Register). Exponentiation can also cause a multiply
error since multiplication is part of the internal exponentia-
tion algorithm. All forms of exponentiation requires both A
and B Registers to be equal to form the base.

D Register

The D register is 593-bits long, and is used as an exponent
register for full discrete exponentiation (EXP1)aswellasa
buffer to interface to the Data Input and Output Buffers. The

D Register alsc has access to a read-only memory to load
internal constants a, and a"'. These constants can be used
as the base for discrete exponentiation.

When the D Register is loaded from the Data Input Buffer, it
is tested for zero or all ones. An exponentiation error is
generated if this condition is detected (EPE in the Status
Register).

R and S Registers

R and S are two 256-bit registers used for exponent
representation and key storage. Ris the primary exponent
register, and is used for Repeated Exponentiation, and
Message Authentication Code (MAC) generation.

The 256-bit exponent (R Register) has a mapping to a
593-bit exponent. The purpose of the mapping is to limit
the hamming weight of the exponent for fast exponentia-
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tion. There are three different types of exponentiation a
programmer can issue depending on system require-
ments. The three variants provide an important speed-
security trade-off, for various applications, and environ-
ments. The exponentiation instructions and their relative
hamming weights are discussed in the Programming Sec-
tion.

The R Register is connected as a 256—bit maximal length
linear feedback shift register for the purpose of repeated
exponentiation. R is rotated or permuted to a new expo-
nent value with the “permute R” command (PERMR), and
the number of permutations performed on the R Register
can be programmed via the Load Permute Loop Counter
command (LOADPLC).

For Message Authentication Code (MAC) generation us-
ing discrete exponentiation, the DEP cyclically adds
(modular arithmetic) the encrypted result of one cycle
(from the A Register) with the current value of R, and uses
that as the next exponent. The instruction “copy A to R
plus” (CPA2R+) performs this operation. A high level
instruction (MAC) is provided to reduce the overhead in
generating MAC’s. See the Programming Sections for
details.

Both R and S can be loaded from the A or D Register in a
593-bit transfer. Physically, the most significant bit of A
and D is connected to the the least significant bit of the R
Register, and the most significant bit of the R Register is
connected to the ieast significant bit of the S Register.
When a “copy A to R” (CPA2R) command is issued, the
least significant 256 bits of A (A5 o) Willbe storedin R, and
a “copy A to RS” (CPA2RS) command will result in R
storing the least significant 256 bits of A (A o) and S
having the next 256 bits of A (Ag o s55)

The R register can aiso be loaded with a pre—programmed
key via the “load R” (LDR) command. The programming of
this key can only be changed physically by Calmos at the
mask level. This is intended for applications where device
authentication is required. When the R Register is loaded
from any source, itis tested for zero or unity. An exponen-
tiation error is generated if this condition is detected (EPE
in the Status Register).

The contents of the two registers R and S may also be
swapped (SWAPRS command), allowing two representa-
tions for exponents to be stored in the DEP for bi-direc-
tional encryption/decryption. The S Register is also impor-
tant for re-synchronization, data recovery, and partial file
encryption/decryption. ’
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PROGRAMMING

The following section lists the instruction set for the DEP.
The instructions are divided into three groups, Classes 1 to
3. The first set (Class 1), consists of indivisible, primitive
operations such as basic register manipulations (loading,
copying and swapping register contents). Class 2 instruc-
tions perform arithmetic operations, multiplication, expo-
nentiation, and inversion. Class 3 operations involve mac-
ros which use the Class 1 and 2 functions. These macros
implement the protocols for block and stream generation
such that a single instruction may be issued to the device.
This is intended to improve the throughput by reducing the
amount of control information that must be passed to the
device.

In the following section, the instruction mnemonics, their
function, the registers they affect, and the number of DEP
clock cycles required are listed.

Class 1 Instructions
Copy Instructions

Most copy (CP) instruction are self explanatory except
those that deal with the DEP’s I/0, and odd size register
transfers. Those instructions that deal with the DEP /O
(CPDO and CPA2DO) are discussed in the Interface
Protocol Section which follows the Programing Section.

Odd size register transfer instructions include those com-

mands which copy data from A or D (593-bit registers) to R

or R and S (256-bit registers). The R Register always

receives the least significant 256 bits of a 593-bit register. If
the command is to copy to the S Register asweli as R, then
the S Register receives the next 256 bits of a 593-bit
register (bits 0 to 255 for R and bits 256 to 512 for S).
CPA2R+ is a special variant on odd size register transfer
which cyclically adds (modular arithmetic) one cycle from
the A Register to the current value of R to form the next
value of R.

Load Instructions

The load commands that deal with the DEP 1/O (LOADD
and LOADPLC) are discussed in the DEP Interface Proto-
col Section. The other load (LD) instructions load con-
stants from internal ROM. Those constants include a, a™,
and the mask programmed key for R.

Swap Instructions

The swap commands are used to simply interchange the
contents of registers.

Permute Instruction

The Permute R Register (PERMR) command will rotate
the R Register as a maximal length, linear feed back shift
register n times, where n is the value of the Permute Loop
Counter (PLC). Note that multiple permutations of R can
only be achieved with the class 1 PERMR command.
Macro commands will only perform one permutation re-
gardiess of the value stored in the PLC Register.
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Figure 13 : CA34C168 USER PROGRAMMING MODEL
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Table 12: CLASS 1 DEP INSTRUCTION SET

Instruction Operation Register DEP
OP Code A B D R S cycles
00 Resets internal DEP controller, Set Mode Register 5
to its default value, and Permute Loop Counter
to one.
HALT 04 Halts any macro (class 3) instruction. 5
Acts like a NOOP if no macro is running.
NOOP 08 Does nothing ) © 5
SETMODE 10 Uses operand bit pattern to set the internal mode 20
of the DEP.
CPA2B 20 CopiesAtoB ’ A 60
CPB2A 24 CopiesBto A B 60
CPD2A 28 CopiesDto A D 60
CPA2D 2C CopiesAtoD A 60
CPD2B 30 CopiesDto B D 60
CPD2AB 34 Copies DtoAandB D D 60
CPDO 38 Send D to Output Buffer
CPA2R -40 Copies lowest 256 bits of Ato R Al 600
CPA2RS 44 Low 256 of Ato R & next256 of Ato S A An 600
CPD2R 48 Copies lowest 256 bits of Dto R Di 600
CPD2RS 4C Low 256 of Dto R & next256 of Dto § Di Dn 600
CPR2S 50 CopiesRto S R 260
CPA2R+ 54 Combines A and R to form aMAC A+R 600
CPA2DO 60 Copies Ato D, then D to Output Buffer D
LOADD 64 Loads the D register from Input Buffer (Note 4) B
LOADPLC 68 Loads Permute Loop Count with operand
LDABA 70 Loads A, B and D with constant a (Note 1) a a a 60
LDABIA 74 Loads A, B and D with constant a™* (Note 2) a' |at' | a 60
LDDA 78 Loads D with constant a (Note 1) a 60
LDDIA 7C Loads D with constant a"' (Note 2) a 60
SWAPAB 80 Swap RegistersAand B B A 60
SWAPBD 84 Swap Registers Band D D B 60
SWAPRS 88 Swap Registers Rand S S R 260
LDR 94 Loads R with Programmed Key (Note 3) PK 5
PERMR 90 Rotate R (Value of Permute Loop Count) R'
Notes: 1. a =Internal Constant (primitive element)
2. a’ =Internal Constant
3. PK=Mask Programmed Key
4. 1B = Input Buffer
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Class 2 Instructions

The Inverse (INVA) command generates the inverse of the
value stored in the A Register. The result is stored in the A
Register and the B Register becomes undefined.

The multiply (MULT) instruction multiplies A times B in
GF(2%2). A gets the result and B does not change.

There are three variations of exponentiation (EXP) instruc-
tions available for varying degrees of security and speed.
In general, registers A and B start with the value to be
exponentiated, and the result appears in the A Register.
The exponent may be in vector form in the R Register (for
EXP2 and EXP3) or may be represented in its full binary
form in the D Register (for EXP1). If the exponent is taken
from the R Register, then exponentiation will involve a
maximum of 30 or 60 multiplications depending on the
command used. Full exponentiation taken from the D

Table 13 : CLASS 2 DEP INSTRUCTION SET

Register may require 592 multiplications. Note that the true
exponent representation in the D Register is from least
significant bit to most significant bit, therefore, when a 593-
bit exponent is loaded into the D Register as MSB to LSB,
the true representation of the exponent is in reverse order.

EXP1 is the most secure mode of exponentiation in terms
ofthe size of the exponent space. The number of elements
in this space is on the order of 10'%. EXP2 has a smaller
exponent space (it is on the order of 10%) but it is consid-
erably faster. EXP3 has an exponent space of size 10'®
and so falls between EXP1 and EXP2 in both security and
speed. The basic underlying security on types of exponen-
tiation is the discrete logarithm problem. The security tevel
of each mode based on this problem is the same. Formore
details pertaining to security issues, see the document
“Security of the CA34C168”".

Instruction* Operation Register DEP
OP Code A B D R S cycles

Class 2
INVA Do Compute the inverse of A (Note 1) A" U 50000
MULT AD AgetsA*B A*B 1300
EXP1 BO Full exponentiation (A)° upto 108
EXP2 Cc4 Fast exponentiation (Note 3} (A)F™ | (A)R™ up to 40000
EXP3 | CC EXP2 up to 80000

PERMR

CPA2B

SWAPRS

EXP2

PERMR

SWAPRS (Note 2) (AYES) (AR R s

Notes: 1. U=Undefined

1 .
2. R, §8'=0ne rotation or permutation of the original values
3

. Rm’'=The R Register mapped to its equivalent 593 bit exponent

4. For EXP1to EXP3, registers A and B must be equal
* Arithmetic in GF(2599)
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Class 3 Instructions

Class 3 instructions are designed to improve throughput by
reducing the.amount of control information that must be

Table 14 : CLASS 3 DEP INSTRUCTION SET

passed to the DEP. These macro instructions are formed
from Class 1 and 2 instructions.

instruction

Operation

r_ OP Code
Ciase 3 .

BLK E4
loaded with the exponent)
CPB2A

CPA2D

EXP2

SWAPBD

LOADD

SWAPBD

MULT

SWAPBD

CPA2DO

PERMR
REPEAT BLK

Block Encryption/Decryptian using internal or external base (Starts with the base loaded into B, and R

TEST CBF (IF CBF = 1, JUMP TO NEXT COMMAND)

STRM F4
CPB2A

EXP2

(WAIT FOR STREAM LOW)
CPA2DO (in stream mode)
PERMR

Stream using an internal/external base loaded into B (R is loaded with the exponent)

REPEAT STRM{RESULT IS PLACED IN D}

MAC E8
LOADD
CPD2AB
EXP2

CPA2R+
REPEAT MAC

(Used only in Block mode. Starts with R loaded)

TEST CBF (IF CBF = 1, JUMP TO NEXT COMMAND)

Message Block (BLK) Macro

The BLK instruction can be executed after the base (A and
B Register) and the exponent (R Register) have been
loaded. When this command is written, 593 bits of a
message are loaded into the D Register, encrypted using
fast exponentiation, and the corresponding ciphertext
block is output from the D Register for transmission. BLK
will repeat the the enciphering process until a HALT or the
next command is written. A HALT or the next command is
written before the last block of data is read out if you wish to
stop the BLK loop. Note that a full block of data must be
read out before the next command stops the loop.

The receiving side starts with the same exponent R and
the inverted value of the transmitting base. Upon receipt of
a ciphertext block, the block is loaded into the D Reqgister,
decrypted, and output from the D Register as a message
block.

Stream Cipher (STRM) Macro

When executing this instruction, the DEP will generate a
continuous key stream for enciphering and deciphering

data through a built-in exclusive-or function. The clock for
extracting key stream bits is provided externally. The
STRM instruction is executed after the base (A and B
Register) and the exponent (R Register) have been
loaded. Two configurations are possible for this macro
depending on the port configuration: Simplex Stream Ci-
pher or Synchronous Full Duplex mode. The STRM macro
differs from the block macro since any command will stop
STRMimmediately.

Message Authentication Code (MAC) Macro

This macro is used to generate a MAC for any number of
transmitted ciphertext blocks. The receiver will be able to
regenerate the MAC and compare it to the transmitted
MAC. The MAC macro is stopped by writing the next
command before the last block of data is loaded. Usually a
CPA2DO is written before the last block is loaded in order
to read the Message Authentication Code out of the DEP
for transmission.

4-
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DEP INTERFACE PROTOCOL

The DEP has a flexible interface to meet the needs of many
existing system architectures. There are four data bus
configurations to choose from as well as the support of
interrupt or poll driven systems. Reading and writing to the
DEP is completely asynchronous with respect to its clock.
This allows easy integration into existing systems, and
does not tie the system clock to the potentially faster DEP
clock, a maximum 20 Mhz rate (for CA34C168-20 parts).

Initialization

The DEP is initialized in one of two ways. A hardware reset
(bringing the reset pin low) will reset the internal controller,
reset the PLC Register to one and put the device into the
default mode. The reset line must be held low for five DEP
clock cycles during a hardware reset. The default mode is
8-bit uni-directional Block mode with all external interrupts

| RESET I

NO
CBF=0? OR CREQ=1?

YES

IS MODE CHANGE
REQUIRED?
YES
L WRITE 'SETMODE’ TO I

COMMAND PORT

L
NC (' oBF-0? OR CREQ=17 )

enabled (the Mode Register equals hex 0f). Writing to the
Mode Register (via the SETMODE command) will re-
initialize the 1/0, and reset the PLC Register to one. The
initialization procedure is illustrated in Figure 14.

Writing Commands (single byte)

Upon a reset, the CREQ pin will go high (requesting a
command) and the CBF bit of the Status Register will go
low indicating the command buffer is empty. A flowchart for
entering commands is given in Figure 15, and the timing
sequence is shown in Figure 16. An instruction can be
written as long as CBF=0 whether the DEP is busy or Idle.
When the DEP has accepted a command and begins
processing (Busy Flag goes active, B/l=1), CBF will be
cleared so that a new command can be written while the
previous instruction is still executing.

START

A

CBF=0? OR CREQ =17 )

{ YES

WRITE NEXT COMMAND
TO COMMAND PORT

Figure 15 : WRITING SINGLE BYTE INSTRUCTIONS

CREQ = »x_ === /7\
RESET L—/—\L/—

YES —
WR

WRITE NEXT COMMAND
TO COMMAND PORT CBF

B/

Figure 14: INITIALIZATION

Figure 16 : WRITING DEP INSTRUCTIONS




Newbridge Microsystems Inc.

CA34C168

Commands Requiring Operands

The SETMODE and LOADPLC commands require a sin-
gle byte operand to be written to the Command Port. The
operand is written when the DEP empties the command
buffer (after the opcode has been accepted). A flowchart
for these commands is shown in Figure 17, and the timing
is the same as single byte commands (see Figure 15).

Commands Requiring Data Transfer

Commands which involve reading and writing to the D
Register require multiple byte or word transfers to be read
from and written to the Data Port. in all DEP modes of

START

NO (" -BF.0? OR CREQ =17

YES

WRITE OPCODE TO
COMMAND PORT

G,
L |

G

WRITE NEXT COMMAND
TO COMMAND PORT

Figure 17 : WRITING COMMANDS WHICH REQUIRE
OPERANDS TO THE COMMAND PORT

operation, the following commands require /O from the
Data Port: CPDO, CPA2DO, and LOADD. However, the
BLK macro command uses CPA2DO and LOADD in Block
Mode only; and the STRM macro command uses CPA2DO
only in the Stream Modes.

The commands, CPDO and CPA2DO, are issued for
reading the D Register via the Data Port in all modes of
operation. In general, reading the Data Port requires the
monitoring of the OBF status bit or the DREQ2 pin, and the
number of bits, bytes or 16-bitwords transferred (CF status
bit). The flowchart of Figure 18 shows the reading process.

The command, LOADD, isissued to load the D Register via

START

NO (" cBF-0? OR CREQ =17

YES
[wnmz CPA2D0 OR CPDOJ

TO COMMAND PORT

NO GBF=1 2 -OR DREQ2 = 9

YES

I READ DATA PORT J

Figure 18: WRITING COMMANDS WHICH REQUIRE
DATA TO BE READ FROM THE DATA
PORT




CA34C168

Newbridge Microsystems

In 8 or 16-bit Block Mode, the CPU has to read 75 bytes or
38 words respectively. In order for a valid read to occur,
DREQ2 or OBF must be high when IOR and DACK are
brought low. The timing diagram for these instructions in
Block mode is shown in Figure 19.

Stream Cipher Mode timing is similar to that of the Block
Mode where a valid read can only occur when DREQ or
OBF is high and IOR and DACK are brought low, however,
data and clock must be asserted as well. The clock pin
must be low before the actual read because the rising edge
of clock will shift the first bit of the D Register to the Data

Port. This is key stream data (the most significant bit of D)
exclusive-or'd with data in. In Simplex Stream Mode,
DREQ2 will remain high for the full 593 bit transfer. The
timing is shown in Figure 20. In Synchronous Full Duplex
Mode, DREQ2 goes high for 8 bits of transmit and receive
data (atotal of 16 bits transferred), then low while the buffer
is being filled with the next 16 bits. This process continues
until 592 bits have been transferred (37 bytes for each
direction). The timing is shown in Figure 21. While in
stream mode, a new command will immediately stop the
STRM macro and execute the new command written. A
HALT will act as a NOOP to stop the STRM macro.

CREQ
WR

DREQ2

DACK /

Diso OR Drg

)
z AL OATA ) VALID DATA D¢ 2

MS BYTE OR WORD

VALID DATA

BYTE OR WORD BYTE OR WORD
#2 #75 OR #38

Note : Read 75 bytes or 38 words depending on bus configuration

Figure 19: READING D OR A REGISTER (CPD0 OR CPA2D0)

CREQ
WR

DREQ2

DACK

OR

CF

/
1

CBF

B/

D <0>, DATA IN

D <1>, DATA QUT

D <2>, CLOCK IN

D IN <0> DIN<1> DIN <2> D IN <592>

D OUT <G> D OUT <1> D OUT <2> D OUT <592>

—~X

Figure 20: READING D REGISTER IN SIMPLEX STREAM MODE
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The command, LOADD, is issuedto load the D Register via
the Data Port in all modes of operation. Loading D requires
monitoring the IBF status bit or the DREQ1 pin, and the
number of bytes or 16-bit words transferred (CF status bit).
The flowchart of Figure 22 shows the writing process.

In 8 or 16-bit Block Mode, the CPU has to write 75 bytes or
38 words respectively. In order to issue a valid write,
DREQ?1 must be high or IBF low when IOW and DACK are

brought low. The timing diagram for this instruction is I
shown in Figure 23.

WRITE LOADD TO
COMMAND PORT

po

NO (iBF - 07 OR DREQT =17

Figure 22: WRITING COMMANDS WHICH REQUIRE
DATA TO BE WRITTEN TO THE DATA
PORT

céso yd

WR LOAD D

DREQ1

DACK

ow

CBF
B/l \
z z z z
Diso OR Dy > VALID DATA DE:weeneieeneesy VALID DATA Doreeirned VALID DATA D¢

MS BYTE OR WORD BYTE OR WORD BYTE OR WORD
# #2 #75 OR #38

Note : Write 75 bytes or 38 words depending on bus configuration
Figure 23 : WRITING DATA TO THE D REGISTER (LOAD D)
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APPLICATIONS

The CA34C168 can be incorporated into systems in a
number of ways. Figure 24 shows the basic device being
interfaced to a microprocessor bus for block encryption
transfers. This configuration can be used as part of the
communications control subsystem of alarger device.

Figure 25 shows a conceptual diagram of a standaione
cryptosystem. Here, the device is used for both the ex-
change of keys and encryption/decryption of block data.
The device can also be used in conjunction with conven-
tional cryptosystems.

Figure 26 illustrates the CA34C168 used as a public key
passing device along with a DES device for conventional
encryption/decryption.

To improve compatibility with other systems, the configu-
ration shown .in Figure 27 may be used. Here the
CA34C168 provides the public key exchange facilities
allowing either system to be used for the data exchange.
This technique is used to provide compatibility with existing
private key systems (such as DES in North America), and
allow users to communicate with the CA34C168. This is
particularly convenient in countries where the export of
DES is not permitted. Messages can also be enciphered
with one system, then encrypted with the other for added
security.

In Figure 28, the device is shown in a stream cipher
application. This may include digitized voice or serial data
applications.
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U

CPU MEMORY
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V

Figure 24 : MICROPROCESSOR INTERFACE for BLOCK TRANSFERS
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Figure 25 : STANDALONE CRYPTOSYSTEM
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CA34C168
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Figure 26 : CONVENTIONAL DESDEVICE with CA34C168 for KEY PASSING
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Figure 27 : CA34C168 with DESDEVICE
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Figure 28 : STREAM CIPHER
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